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About the Policy Paper

TamilNaduisatacrossroads thebattleagainstlimatechang@andenvironmental
degradationVhatwasoncealocaliseccologicalksuéhasnowbecomeabroader
social and developmentalchallenge.Agriculture, coastal livelihoods, urban

infrastructureandcommunitiesn all sectorf the economyandsocietyarenow

beingaffectedoy changingveathepattensandclimatempacts.

But the impactof this crisisgoeswaybeyondwarmingandweatheifluctuations.
Environmentaldegradationhas affected livelihoods, economic opportunities,
agriculturalproductivity and in many caseshas resultedin climateinduced
displacementStudiesfrom acrossindia and the world have shownthe close
relationshipbetweenclimatevulnerabilityand developmentastagnationTamil
Nadu,with 1,076kilometresof coastlineis at severeisk, with datashowingthat
almost40%of our coastahreasrehighlyvulnerabldo seaevelriseanderosion.
Shiftingmonsoonpatternsalsoposeathreatto thes t adagrcd@tsrabackbone,
whilegroundwateextractiorhasreachedriticallevelsn over60%of our blocks.
In terms of disaste managementthe economicimpact on Tamil Nadu d s
developmenttrajectory in terms of crop loss and infrastructurerepair, the
guantifiabléossrunsinto thousandsef croreseveryyear.

The scaleandcomplexityof the problemrequireusto look beyondconventional
approache&warenessampaignarestill crucialbutawarenessonecannotolve
aproblemembeddeh systemitndustriapractices;hanginglimatigpatternsand

carbon emissions.Fortunately there are many examplesof successfuland

innovativeapproachet® sustainabldevelopmenflthoughnoneof thesemodels
canbetransferredlirectly therearemanylessonso belearnedhatcanbeadapted
to the particulaecologicatontextof the stae.

It is with this spirit of constructiveergagementhat this policy paperhasbeen
prepareddeeplyrootedin the We the LeadersFoundation® vision of 0 B the
Change,Lead the Changed Theobjectivas not merelyto identifyproblemsut
to contributemeaningfullyto the searchfor practical workableand sustainable
solutionghatsecurélamilNadu'sdevelopment.

Thedocumentlsosketchesut acommunityled movemenproposedy Wethe
Leaderdg-oundatiorto betakenup for the wholemonth of August.Theinitiative
IS meantto spur public partigpation, awarenesand socialownershipof the
environmentamovementto complemenigovernmentefforts while fosteringa
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cultureof collectiveresponsibility\WWe sincerehhopethat successfutlementof
this initiative may be consideredor wider adoptionand implementatiorafter
evaluation.

Thefight againstlimatechangendenvironmentallegradatiocannotbewon by

governmentsor by civil societyalone.It needsthe collaborationof farmers,
industriesenvironmentagxpertscommunityleaderspolicymakersaindaboveall,

citizensThispolicypaperis presentedh thatspirit of collaborationhumbly with

concerrandacommonresolvedo protectTamilN a d onafuseandits future.

Yourssincerely,

K. Annamalai
ChiefServant Wethe Leaders
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Climate Change
(with inputsfrom World EconomicForum

Earth haswarmedaround0.35Deg C betweer2015and2025,comparedo less
than0.2DegC perdecad®n averagbetweerl 970and2015.Thisheatingsdue
to carbon dioxide and other greenhousegases(GHG) accumulatingn the
atmospherdglockingoutgoinginfraredradiation As lessheatescapet spacean
energymbalancés createdandEarthheatsup.

Over the pastdecadean averag®f 56.8billion tonnesof GHG emissionsvere
releasethto the atmosphereveryyear.in 2025,43.2billion tonneswerecarbon
dioxide.Therestconsisteaf methanenitrousoxideandfluorinatedgase$HFCs,
PFCs,SF6,NF3). RecordGHG emission®verthe pastdecadewith lesscooling
from aerosolgairpollution),haveledto anespeciallgighrateof heatingAerosols
havelong actedasaninvisiblebrakeon heatingoy reflectingsunlightandaltering
cloudformation.

The globaltemperatureisehasalreadyausedrreversiblehangesjnprecedented
for tensof thousandof yearsAs the world nearsl.5 °C of heating.extreme
temperaturewill havethe mostprofoundimpactson peopleandnature.

Land temperaturesiyherepeoplelive, haverisen nearlytwice as fast as ocean
temperatureSeveralegionsaroundtheworld havealreadyeatedy morethan2
deg C. Climate changehas adverselyimpactedfood securityand terrestrial
ecosystemaswellascontributingo anincreaseftequencyintensityandduration
of heatrelateceventsincludingheatwavesin mostlandregions.

The oceanhasabsorbedabout90% of the exces$eatcausedy humans.The
numberof daysexperiencingnarineheatwavesias more than tripled globally
betweer1991and2025comparedvith adoublingbetweeri 982and 2016 Marine
heatwaveaverage&8 daysfor the 20162025period.Theseheatwavesegatively
affectboth marineecosystenasndhumansociety.

HumancausedHG emissiongrapmoresolarenergyhanEarthcanemitbackto
spaceasinfraredradiation(heat)!n the2006to 2018time period heatenergynput
was0.79wattspersquaremetre.lt hasincreasetb 1.12wattspersquaremeterin
the2013to 2025period.
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Humancausedheatings acceleratingedevelrisewith profoundconsequencésr
coastakcosystemsafetyandplanningbecausé raiseshe baselindor extremes
causedy stormsurgeswavesandtides.Globalmeansealevelrisewas23.0cm
from 1901to 2025.Thecurrentrateis 3.84mm peryearfrom 2018to 2025.

Achievingnet-zero carbon dioxide is the only scientifically establishedpath
to stabilisglobalwarmingin 2020thelPCC(Intergovernment&anebn Climate
Changetalculatedhe remainingarbonbudgetor 1.5degC atabout500billion
tonnesHowever at the startof 2026 the remainingcarbonbudgetfor 1.5degC
stoodaround130billion tonnes.Thereforejmmediateapidemissiorreductions
couldkeepl.5degC achievabléaterthis centurythroughindustrialscalecarbon
removals.

Countriesaresupposedo submitthethird roundof their climatepledges known
asNationallyDeterminedContributiongNDCs 3.0)outliningcarboncuttingplans
for 2031to 2035.Indiacommitsto reducinghe emissionsmtensityof its GDP by
47 percentby 2035from the 2005level.

To achevethis,Indiahasto achievé0percentcumulativeslectrigpowerinstalled
capacityrom non-fossilfuetbasedenergyesourceby 2035 Indiahasto createa
carbonsinkof 3.5to 4.0billion tonnesof COF eq.throughForestandTreeCover
by 2035from the 2005level.

Towardghe updatedNDC& goalof enhancinghe shareof nonfossilfuel energy
resourcem installecelectriggpowercapacitythecountryhasachieve®2.57%6 non
fossilcapacity{February2026) successfullpneetinghe targetfive yearsaheadf
thetimelinge andnowthe ambitionhasbeenfurtherraisedo a 60%shareof non
fossilfuetbasedenergyesourcem installecelectriqgopowercapacityo beachieved
by 2035.

References
https://www3.weforum.org/docs/WEF_The_State_of Climate_Action_2023.pdf

https://www.pib.gov.in/PressReleasePage.aspx?PRID=2245209%lm=3

https://www.leeds.ac.uk/researBB/news/article/5977/majceclimatereportshowsearthis-getting
hotterfaster

https://zerotracker.net/insights/indicateo$-globalclimatechange20252

https://earth.org/globalwarmingaccelerateh-pastdecadestudyfinds/
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Urban Heat Island Progressionin Chennai(2014to 2024)

Basedon the provided researchpaper (cited in the reference)the primary
mechanisndrivingChennai'slevatedheatdynamicss differential cooling driven
by rapid,drasticchanges its landuseandsurfacecomposition.

The study highlightsthe following factors that explain how Chennai'sheat
progressiorvolvedoetweer2014and2024.

1. MassiveExpansion of Built-Up Areas(Impervious Surfaces)
A Rapid Land Conversion: The city underwentan extensiveurban

transformationwherebuiltup surfacegbuildingsand roads)surgedfrom
coveringB36%o0f the city in 20140 67%in 2024

Land use and land cover

BARREN LAND
BUILT UP

VEGETATION

WATER r

0% 10% 20% 30% 40% 50% 60% 70%

12024 w2019 =m2014

A Heat Retention: This massiveexpansiomeplacechaturallandscapewith
imperviousmaterialdike concreteand asphaltThesematerialsmodify the
surfaceenergybalanceby absorbingand storing high amountsof solar
radiationduringthe dayandreleasing slowly.

2. Drastic Decline in GreenCover
A Loss of Cooling Vegetation: Due to urbanencroachmentjeforestation,

andlandconversionChennai'segetatiorcovershranksharplyfrom 25%in
2014down to just 10%in 2024
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A ReducedEvapotranspiration: Evapotranspiratiois the combinedrocess
by whichwatermovedsrom thelandsurfacento theatmosphere.

Replacing plants with urban infrastructure heavily reduces natural
evapotranspiratiokRurthermorestatisticatorrelatiorrevealedhatthecity's
remainingyreerspacearehighlyfragmente@ndspatidly isolatedrendering
theminsufficiento mitigatethe broadercity-scaleneataccumulation.

CHENNAL-LLLC 2014 CIMANAL-LULE G0y CHENNAL- LULC (2024)
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3. The Role of Differential Cooling

A Relative Thermal Contrasts: A key finding of the researchis that the
intensificationof Chennas SurfaceUrban Heat Island (SUHI) index is
fundamentallydriven by differential cooling rather than purely absolute
backgrounavarming.

A The Cooling Imbalance: While naturalelementdike water bodiesand
vegetatiorexperiencedreatermore efficientcoolingover the decadethe
densebuiltup zonescooled down at a much slowerrate or remained
thermallystable.This wideningimbalancealrasticallyncreasedhe thermal
gradienbetweerurbanise@ndnonurbanisegockets|ockingintenseheat
into localisedirbanzones.
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Areasn ChennasuchasPattravakkanikRamapurarandAthipet(allnearAmbattur
Industrial Estate),Koyembeduand Meenambakkar{internationalAirport) had
highLandSurfaceemperatured.ST)rangindoetweer8l.6and33.6degC.

Certainwardsof PattravakkamPallikaranaiKodungaiyurand a few wardsof
KoembedthadLSTrangingbetweer83.6and35.6degC.

KodungaiyuandManalisawL ST rangingoetweer85.6and37.6degC. Possible
reasonsouldbethe KodungaiyudumpyardandManalifactories.

Reference:

https://www.nature.com/articles/s415926579054

https://cms_tnccm.cloudbases.in/uploads/1_TN_Urban_cooling_guidelines_ICLEISA_Final 16 02_
2026_b6f9bbedc3.pdf
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Coimbatore City Municipal Corporation

LandUsemapof CoimbatoreCity (2024)
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Temperatureanalysis

AreassuchasSaiBabal emple RathinapuriSanganufanapathygdayarpalayam,
Townhall,Sundakkamuthuand VivekanandapurashowedmeanLST between
44.4%nd53.16degC.

Podanur,GanesapuranSundarapuramyladukaraiRoad, Sithapudur Airport,
NeelikonaampalayandVilnakurichshowednean.STbetweertl.72and44.49
degC.

Thelargeplotsof vacantandin ward89,whichcorrespondo a highLST, offer
Immensgotentialfor convertingheminto urbanbluegreerspaces.

Severalvardsshoweda notableincreasan LST between2016and 2024.For
examplethe meanL ST for wards47and81increasetly 4.1°C betweer016and
2024 ndicatingapidurbanisatioandindustriabxpansionf smalindustrialinits.

SimilarlythemearLSTof ward67and82increasetly 3. 7Cin thesamaluration.
Thiscomprisesapidlyurbanisin@reasike Town HallandRamNagar
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Tiruchirapalli City Municipal Corporation

LandUseLandCovermap

Areassuchas RettamalaDndikaruppuNew Bus Stand,STP, PanjappurMasi
PeriyammarkKovil, Ariya Mangalandumpingyard, SrirangamemplesawLST
betweerd6 and 50 deg C. ThiruvanaikavalT hillai Nagar,Anna Nagar,Devar
Colony,UraiYur,Puthur,etc.sawLSTbetwee2and46degC.

- [13




Tirunelveli City Municipal Corporation

LandUseLandCovermap

Legend

I Tree Cover/ Vegetation
I crops

- Built Area

ios Rangeland
4 waomaten - Water Bodies

Tirunelveli town area surrounding Nellaiappar Temple, Palayamkottai,
Melapalayam, Murugankurichi, Shanthi  Nagar, = Samathanapuram,
ManakavalampilldagasawMeanLSTbetweed4.3.TCand45.2°C. Pettatown
areaPr MGR NewBusStandareaandXaviercolonysawMeanLSTbetweerl3.4
°Cand44.4°C.
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The Climate-Dairy Nexus: Impacts on Milk Production

Climatechangeis fundamentallyalteringthe dairy landscapen India, shifting
environmentabaselineandpresentingicutechallengeto livestockproductivity.
As globalwarmingprogresseshie combinatiorof risingambientemperatureand
alteredprecipitatio patternsdirectlythreatendndia'sstatusasa top globalmilk
producer.

Thefollowingsection®utlinethe multi-tieredimpactsof climatechangeon dairy
productionatthe nationalevelandspecificallyvithin TamilNadu.

1.National-Level Impacts (India)

Direct Heat Stressand Yield Declines

A The Energy Diversion Mechanism: When environmentalconditions
excee@nanimafsthermoneutratone specificalliwhentemperaturdsreach
38C alongsideaelativehumidity over 70% lactatinganimalssuffer from
severdheatstressTo regulataheir internalbodytemperaturegheydivert
vitalmetaboli@nergyawayfrom milk production]eadingo immediat&0%
to 30%declinesin milk yield.

A The TemperatureHumidity Index (THI) Threshold: The THI is the
primaryindicatorusedto gaugdivestockcomfort. The THI in TamilNadu
typicallyaverageletweer?28and34 duringwintermonths andsurgeso 40
and above during peak summers(Marct®dMay) It increasesbovethe
thresholdcategoryn summemonthsacrosghe coastategionof the state.
Whilemilk productionbeginsgdecliningvhenthe THI climbspast72,more
than30%of regionan India now routinelyexperiencéighlystressfull HI
levelsdbetweer80and85duringpeaksummerandmonsoormonths.

A Macro Production Projections: Historicalmodellingfrom the mid-2000s
predictecclimateinducednationaimilk losse®f 1.6million tonnesby 2020
andup to 15 million tonnesby 2050.More recentprojectionscitedby The
Lancetvarnthatclimateinducedemperatursurgesouldslashndia’stotal
milk productionby 25%by 2085
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Breed-SpecificVulnerabilities

A

Buffaloes:Buffaloesreuniquelysusceptiblt solaradiatiorandheatstress
dueto their darkerskin pigmentationbarehide,andsparsalistributionof
sweaglandsA singleunitincreasen potentiakevapotranspiratiqmm/day)
cantriggerasharpdrop of approximately.4litres of milk per buffalo per
day.

Crossbred Cattle: Highyieldingcrossbred cows exhibit poor thermal
toleranceshowingsubstantiatiropsin dailyproductivityandreproduction
metricsduringsustainetieatwaves.

Indigenous Cattle: ConverselyyativeBosndicusreedgsuchasSahiwaand
HarianagarehighlyclimateresilientTheirnaturahdaptationsncludingoose
skin,highlyefficientsweatingnechanism$wermetabolideatproduction,
androbustlocaldiseasemmunity allowthemto maintainhomeostasitar
betterthanexoticor crossbredcounterparts.

Indirect EcosystemPressures

A

Nutritional Stress:Rising surfacetemperaturesirasticallycompresshe

availabilityguality andseasonalyclesof forageandpasturecausingevere
nutritionaldeficits Nationallyjmmediatdeedandclimatestressoraccount
for alossof roughly3.2 million tonnesof milk annually(valuedat 2,661
crore).

Surging DiseaseVector Dynamics: Warmermorehumidclimategxpand
the operationalwindows for ticks, parasitesand pathogenicmicrobes,
escalatinghe nationaleconomidourdensassociatedith livestockdiseases
like mastitisandFootard Mouth Diseas€FMD).

Reference

https://www.thehindu.com/seiech/energyandenvironment/milkproductionin-indiahasdropped

dramaticallwith-climatechange/article71149465.ece
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Transforming Agrifood SystemsAmid Climate Extremes:Focuson India -

A reportby UN Food and Agriculture Organisation

The AsiaPacificregionis confrontingsevee challenge$o its agrifoodsystems,
primarilydriven by climatevariabilityand extremeweatherevents.ln 2023,an
estimatedB84.5million peoplein the regionfacedhunger with climateextremes
identifiedasa major catalysfor this food insecurityAchievingsustainabléod
security requirestransformingcurrent agrifood systemswhich are currently
hindered by high food loss, environmentaldegradationand limited natural
resources.

Climate Threatsto India's Agrifood Systems Indiais highlysugeptibleto the
changingclimate, experiencingsevereweathershifts that directly threatenits
agriculturabutput,livestockandoverallfood security.

A

Erratic Rainfall and Crop Yields: Overthe past40yeard19822022)23
percentof districts in India, including New Delhi, Bengaluru, Nilgiris,
Jaipur, Kachchh, and Indore, experienced a high number of both
deficient and excessiverainfall years. Theseunpredictablanonsoon
patternscauseseveralisruptionsto traditionalplantingschedulesncrease
theriskof cropfailuredueto misaligneg@lantingimesyeduceyieldsn rain
fed agriculture,and place immensestrain on water resourcesdue to
heightenedrigationdemands.

Extreme Heat and Livestock: Heatwavesare severelyimpactingboth
humarhealthandagriculturgbroductivityln 2019)ndiarecordedcorching
temperaturegxceeding0 °C, contributingto healthcrisessuchas heat
strokesandanincreas@ mosquiteborneillnessedn theagriculturasector,
heat stressis projectedto causean 11to 15percent decreasein milk
production in India by 2050.Risingambientemperaturesmducethermal
strainon ruminantanimalsreducingheir feedintake metabolicefficiency,
andreproductivgperformanceyhileweakeningheirimmunesystems.

Natural Disasters:India suffersfrequentanddevastatingaturaldisasters.
In 2019 alone,the country was struck by deadlyfloods and landslides.
Furthermore)ndia is regularlyand severehhit by tropical storms,which
destroyinfrastructure displacepopulations,and contaminatefreshwater
supplies.

[17]
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Broader Regional Context and SharedChallenges Beyondindia, the entire
AsiaPacificregionfacessystemi@griculturathreatsincrease@tmospheri€O2
concentrationgre projectedto significantlyreduceessentiaiicronutrientylike
iron andzinc)and proteinin stapleC3 cropssuchasrice,wheat, and soybeans.
Warmertemperaturearealsoexpandindhe activityperiodsof agriculturapests,
posingfurther food securityrisks.Furthermoreywarmingoceansareshiftingfish
distributionsand degradingoralreefs,which threatensnarinefood production.
With half of Asia'spopulationivingin low-lyingcoastabreastisingsedevelsand
saltintrusionthreaterto degradéandandintensifyfloods.

StrategicRecommendationsby the UN FAO for Agrifood Transformation:

To transition from vision to actionablenational pathways,countries must
implementomprehensiveforms Key overarchingecommendationaclude:

A RepurposingPolicies: Governmentsnustalignpoliciesacrossagriculture,
health,trade, the economy,and the environmentto createan enabling
macroenvironment.This includes strengtheningtrade linkages and
reorienting public finance to attract private sector investmentsin
infrastructue andgreerntechnologies.

A Empowering Vulnerable Populations: Addressinginequalityis vital.
Transformatiorefforts mustamplifythe rolesof women,girls,andyouth,
andintegratehe valuabldraditionaknowledgef Indigenousommunities
to driveclimateresilienceEngagingvomenin gendeisensitiveraluechains
raisefouseholdncomesanddirectlyimprovedamilynutritionoutcomes.

A Shifting to SustainableProduction: Agrifood systemsnustadoptnature
positive innovations, agroecologicalprinciples, and integrated pest
managemenA criticalfocusmustalsobe placedon minimisingfood loss
andwasteacrosgshe supplychain,which conservesaturalresourcesind
improvedood availability.

A Adopting a Nexus Approach: Nations must combineimmediatecrisis
responsewith mid-term developmentaheedsand longterm structural
changeByimplementingffectivedisasteriskreductiorstrategieandearly
warningsystemssommunitiegsanbetterwithstandutureclimateshocks.

[18
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A Financing and Capacity Building: Nationalpathwaysnustbe translated
Into costedactionplans.To supportthis, countriesmusturgentlyleverage
diversefinancingsourcesincludingpublic funds, privateinvestmentsand
Innovativemechanismiske greernbondsor impactinvesting.

Businessisusualwill not achievdood securityandbetternutrition in the faceof
climateextremedRevitalisinggrifoodsystems IndiaandthebroadeAsiaPacific
requiresa wholeof-society approachthat integratessustainableagricultural
practices, rapid technological innovation, and robust policy governance.
Implementingthese targetedactions will build the resilienceand inclusivity
necessartp ensurallpopulationhaveaccest safediverseandnutritiousfoods.

Reference:

https://openknowledge.fao.org/server/api/core/bitstreams/770388HdB4033bb5e
03fc66f43236/content
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Hydrological Stressand Regional Aquifer Dynamics

Tamil Nadu facesa critical structuralimbalancéetweerngroundwateextraction
andrechargeTo evaluatehe state'svatersecurityjt is necessario analysehe
spatiabnd temporalariationsn rainfallandtheirimpacton groundwatestorage.

In India, agriculturgplaysa vital role in the country'seconomygemployingmore
than70%o0f households ruralareasandit isavital sectorof thelndianeconomy
thataccountdor 17%of the country'sGDP.

Accordingto the IPCC(Intergovernmentd&anebn ClimateChangeassessment,
reducingglobalwarmingo 1.5 C insteadf 2°C will guarantethe sustainabilitgf
the Earth'sresourcesAll overthe globe the agriculturesectorprimarilydepends
on thetimingandquantityof rainfal| andit alsoplaysa significantolein meeting
theincreasingeedf commerciahndhouseholdvatersupplies.

Rainfallis the primarysourceof crop productionon agriculturaland,particularly
on unirrigate land.Generallyspeakingthe likelihoodof negativeconsequences
risesas climatechangeaccelerateg\gronomicresearchndicateshat prolonged
temperaturesiaycause notabledecreasm yield.
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Fig. 1. Annual and seasonal variation of rainfall from 1990-2023 in Tamil Nadu
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Rainfall Pattern Analysisand Agronomic Security

A longterm,33yearttrendanalysi$19962023usingMannKendallandTheilSen
statisticamodelsindicategositiveoverallrainfalltrendsacrossramil Nadu,with

the exceptionof the Northeastmonsoon.The Northeastmonsoonremainsthe

primary hydrologicalriver, deliveringapproximatelyb0% of the staté& annual
rainfall. Coastategiongeceivesignificanthhigherrainfallduringthis seasorthan
the interior,whereaghe Southwesmonsoonprimarilybenefitswesterndistricts
like Coimbatoreandthe Nilgiris.

Statisticainodellingevealshighcorrelatiorbetweerseasonahinfallandrainfed
crop production, with coefficient of determination (R2) values ranging
from 0.79t0 0.98 (more towards 1 means more correlation),with negative
correlationfor Onion and Sugarcanalone. The state'sannual rainfall has
consistentlexceede800mm overthis 33-yearperiod,experiencing excess21
normal,and6 deficitrainfallyearsThis highmonsoonatlependencynderscores
the vulnerabilityof the state'sagriculturasectorto climatedrivenshiftsin rainfall
distribution.

Spearman Rho correlation test between crop production and rainfall

Crop Rainfall Rainfall variations in Tamil

Food grains 0.987 N a d dwafidsand coastalregions
Paddy 0.879 betweerdune2022andMay 2023
Cholam 0921 showthatrainfallis moreon land
Cumbu 0.845

e 0796 thanin coastahreasThedistricts
Maize 0.956 on land receive more rainfall

Total Cereals 0832 during the SW monsoon,while
Red gram 0.802 the coastadistrictsreceivemore
Bengal gram 0.765 rainfallduringthe NE monsoon.
Green gram 0.865
Black gram 0793 Farmersn coastahreasanstart
Horse gram 0.924 . . .
Total Pulses 0,865 agricultural  sowing d_urmg
Groundmt 0912 October because there is a
il 0.862 probability of substantiatairfall
Potato 0914 from Juneto December.
Onion -2.54
Cotton 0.735
Sugarcane -3.548
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Correlationof crop production & yield with groundwaterand rainfall

Crop productivitydependn both rainfalland groundwatefor agriculturaland
thatis not irrigatedandfor that thatis, respectivelylThe tablebelowshowsthe
mearmnnuatainfallandgroundwatefor varioudistrictsof TamilNadu.Whilethe
northerncoastategionhaveveryhighmeamannualainfall(>1000mm),theyalso
haveminimalgroundwate(<4 m). Rainfalis lesshan1000mm, andgroundwéer
Isdeepethan4 min southerrcoastategions.

Range of rainfall and groundwater

Mean annual

Mean annual

S.No rainfall (mm) Districts ground water (m) Districts
. Kancheepuram, Thanjavur, Tiruvarur,
. SELY it © Nagapattinam, The Nilgiris
600>RF Chengalpattu, Tiruvallur, Cuddalore, Ranipet,
2 - Karur, Tirunelveli, Ramanathapuram 3>GW<4 Tirupathur, Tiruvannamalai, Krishnagiri,
<800 . . A
Ariyalur, Sivagangai, Villupuram
R00>RF Tiruppur, Tenkasi, Tiruchirapalli, Kallakuruchi, Vellore, Salem, Erode,
3 <1 6 00 Kallakurichi, Pudukkottai, Virudhunagar, 4>GW<5 Tiruchirapalli, Karur, Pudukottai, Madurai,
Ariyalur Ramanathapuram, Thoothukudi
1000>RF Vellore, Villupuram, Perambalur, Dharmapuri, Perambalur, Dindigul,
4 <l 260 Namakkal, Salem, Madurai, Chengalpattu, 5>GW<6 Virudhunagar, Tirunelveli, Tenkasi,
Erode, Dharmapuri, Thanjavur Tirupathur Kanniyakumari
5 12:;(;%%1: Sivagangai, Krishnagiri, Theni, Tiruvarur 6>GW<7 Namakkal, Tiruppur, Theni
1300>RF Tiruvannamalai, Cudda_llore, R%mipet, _
6 — Kancheepuram, Nagapattinam, Tiruvallur, >7 Coimbatore (9.7 m)
<1400 gy
Dindigul
7 2(;(;%%%}7 Coimbatore, The Nilgiris

RF: rainfall; GW: groundwater

Reference:

https://mausamjournal.imd.gov.in/index.php/MAUSAM/article/view/6830/5912
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GroundwaterDepletion d National

High Dependency:Groundwaters a criticalresourcen India, supporting
over60%o0f thecountry'srrigatedareasandfulfilling betweerb0%and80%
of domesticwaterusageAgricultureis the primarydriver,accountingor

roughly90%of India'sannuagroundwateusage.

National Depletion Rates:From 2002to 2022 groundwatelevelsacross
India experiencedignificandeclinesacrosseveryseasonThe mostsevere
nationalreductionoccurredduring the summerseasorat a rate of -6.52
mm/year while the winter seasorsawa slightlylower reductionof -5.46
mm/year

Future Outlook: It is estimatedthat approximately60% of India's
groundwatesourcesvill reacha stateof criticaldegradatiomwithin the next
20yearswith the northernregiondacingthe highestevelsof depletion.

The Drivers: Land Use and Precipitation

A

Agricultural and Urban Expansion: Anthropogenidactorgenvironmental
pollutantschangexr phenomenariginatingrom humanactivity strongly
correlatevith groundwatedecline Betweer2002and2022 Indiasawa 9%
increas@n croplandaregexpandingpy 5,073.6km?/year)anda5% growth
in urbanland(expandindpy 108.8knv?/year).The expansiomf impervious
surfacesn urbanareasand intenseagriculturalexraction directly hinder
naturalgroundwaterecharge.

Precipitation Deficits: At a nationallevel, groundwateistorageshowed
consistenmhegativeorrelationsvithtotalprecipitatioracrossllseasong.g.,
-0.34postmonsoon)indicatinghatextractiorratesregularhexceedatural
replenishment.

Regional Focus: The PeninsularRegion (including Tamil Nadu)

Whilenorthwesternndia sufferedhe mostextremegroundwatelossegdepleting
by as much as -19.83 mm/year in the summer),the Peninsular region
demonstratederydifferenttrends.

[24




N

weThe Lex
DI
DI DG

A

Groundwaterimprovements: Unliketherestof thecountry the Peninsular
areagenerallyshowedmprovementgroundwatestorageThe regionsaw
increasesn groundwaterdevelsduring the monsoon(+2.45 mm/year),
winter(+1.09mml/year), andpostmonsoon+1.50mm/year) seasons.

SummerDeclines: Theonlyexceptionn the Peninsularegionwasaminor,
statisticallynsignificantiecreasef -0.32mm/year duringthe summeipre
monsoorperiod.

Precipitation Trends: Thesaelativelystablegroundwatelevelsorrespond
with consistentisesin precipitationacrossall seasonsn the Peninsular
region. Furthermore, initiatives aimed at reducing agricultural power

consumptionand educatingarmerson sustainablenetho@d have shown

succesm helpingto reversdhe declineof groundwatestoragen this part

of thecountry.

Reference:

https://pmc.ncbi.nlm.nih.gov/articleBMC12804263/pdf/11356_2025_Article_37274.pdf
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GroundwaterDepletion in Tamil Nadu

Hereis a comparisorof groundwatedepletionfor eachdistrictin Tamil Nadu,
basedn observationvelldatafrom both sources.

In thesaeportsa"Fall" indicategroundwatedepletionthewatereveldropped
deepebelowgroundlevel) whilea"Rise" indicate@nimprovemenin thewater
level.

Pleas@otethatthe 2010reporttracks30 districts whereashe 2026reporttracks
38districtsdueto thebifurcationandcreatiorof newdistrictsin the state Districts
thatdid not existin the 2010reportaremarkedas"N/A" for thatperiod.

Fluctuation in | Fluctuation in
. Aug 2010Aug = Jun2026(Jun :
District 2009vs. Aug 2025vs. Jun Trend Comparison
2010) 2026)
Chennai 0.20mFall = 0.3lmFal  Depletionnboth
periods
: . Improvedin 2010,
Thiruvallur 0.01m Rise 1.14m Fall depletedn 2026
Kancheepuram = 045mFall = 0.18mFal  Depletioninboth
periods
Chengalpattu N/A 0.69m Fall Depletionin 2026
: 0.00m (No Stablen 2010 high
Villupuram change) 1.90m Fall depletiorin 2026
: Improvedin 2010,
Cuddalore 0.57m Rise 0.43m Fall depletedn 2026
Kallakurichi N/A 2.39m Fall | Highdepletionn 2026
Thiruvannamalai 0.48m Fall 2.62m Fall D_epl_gtlonwprsened
significantlyn 2026
Ranipet N/A 0.17mRise | Improvementn 2026
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Vellore 0.63m Fall 0.25m Fall Depletlo_nln both
periods
Tirupathur N/A 0.54m Fall Depletionin 2026
High depletionn
Krishnagiri 2.68m Fall 0.83m Rise 2010jmprovedin
2026
Dharmapuri 0.02m Fall 1.72m Fall D_epl_e_tioerrsened
' ' significantlyn 2026
High improvemenin
Salem 2.46m Rise 2.36m Fall | 2010highdepletionn
2026
Namakkal 0.23m Fall 1.82m Fall D_epl_e_tlorwc_)rsened
significantlyn 2026
. Improvedin 2010,
Erode 0.09m Rise 0.89m Fall depletedn 2026
Nilgiris 0.46mFall  0.39mFal  CoOnSistentepletionn
both periods
: . Improvedin 2010,
Coimbatore 0.55m Rise 2.60m Fall highdepletiorin 2026
Tiruppur N/A 1.07m Fall Depletionin 2026
. Improvedin 2010,
Karur 0.35m Rise 1.74m Fall highdepletiorin 2026
Pudukkottai 1.09m Rise 0.13m Rise Improvem_entn both
periods
: : : : Improvedin 2010,
Thiruchirapalli 0.98m Rise 1.76m Fall highdepletiorin 2026
Perambalur 0.55m Fall 187mFall | Cepletiomvoisened
significantlyn 2026
Ariyalur N/A 0.36m Fall Depletionin 2026
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. : Improvedin 2010,
Thanjavur 0.34m Rise 0.50m Fall depletedn 2026
Tiruvarur 0.30m Fall 0.44m Fall Depletionworsenedn

2026
: Depletionworsened
Nagapattinam 0.01m Fall 0.19m Fall slichtlyin 2026
Mayiladuthurai N/A 0.12mRise | Improvementn 2026
Madurai 0.86m Fall 0.75m Fall Consstenﬂepleﬂonn
both periods
- : Improvedin 2010,
Dindigul 0.52m Rise 1.38m Fall highdepletiorin 2026
Depletion
Theni 1.39m Fall 0.85mFall | improved/lesseneoly
2026
. : Improvedin 2010,
Virudhunagar 0.19m Rise 1.11m Fall depletedn 2026
High depletionn
Sivagangai 2.06m Fall 0.13m Fall 2010 minordepletion
in 2026
Ramanathapuram 0.68m Fall 0.50m Fall Consstendepleﬂonn
both periods
. Depletionworsened
Thoothukudi 0.40m Fall 0.58m Fall slightlyin 2026
Tenkasi N/A 0.44m Fall Depletionin 2026
Tirunelveli 0.23m Rise 0.15m Rise Improvem_entn ol
periods
: Depletionworsened
Kanyakumari 0.38m Fall 1.59m Fall significantlyn 2026
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Key Takeaways:

A WidespreadDepletion in 2026:\Whilethe August2010reportshowshata
considerablenumber of districts (13 out of 30) experienceda rise
(improvementin groundwatelevelstheJune2026datashowsamuchmore
severestatewidedepktion, with only 4 out of 38 districts (Ranipet,
Krishnagiri,Pudukkottaiand Mayiladuthuraigxperiencing rise in their
observationvells.

A Severe Reversals: Severaldistricts that enjoyed notable groundwater
recovenyin 2010experiencetieavydepletionin 2026.For exampleSalem
shiftedfrom a2.46m risein 2010to a2.36m fall in 2026,andCoimbatore
shiftedfrom a0.55m riseto astee®.60m fall.

Reference:

http://www.groundwatenpwd.org.in/avwl_status.htm
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GroundwaterQuality in Tamil Nadu

Basedon the Annual Ground Water Quality Report (PreMonsoon 2024),
groundwateacrosvarioudistrictan TamilNaduexhibitslevatetevelof several
parameterandcontaminantexceedingcceptabliémits.

Electrical Conductivity (Salinity): ElevatedElectricalConductivitf EC > 3000
puS/cm),whichindicatedighsalinityjs recordedn multipledistricts.

A

A

Most severelyaffected:Mimisalin Pudukkottarecordedsignificantlyigh
EC of 25,30QuS/cm. Bogaluiin RamanathapuraracordedL0,68QS/cm.

Other heavilyaffectedlocationsinclude Abdullapuramin Vellore (7131
uS/cm), Pulaveriin Salem (6950 uS/cm), and Thiruvegamputhurin
Ramanathapuraf@060uS/cm).

High EC isalsoobservedn locationswithin CoimbatoreCuddaloref-rode,
KancheepuramamakkalPerambalur$ivagangd,enkasi,Thoothukkudi,
TiruchirappalliTirupathur,Tiruppur, TiruvannamalaandVirudhunagar.

Nitrate Contamination: Nitrate polluion (Nitrate > 45 mg/L) is widespread
acrosshestateaffectingavastnumberof locationsn nearlyeverydistrictreported.

A

Most severelyaffected:Exceptionalljnighconcentrationwereobservedn
P.chatram, Tenkasi (331mg/L) , Vembur, Thoothukkudi (297mg/L) ,
Kalloorani, Virudhunagar (239mg/L) , and Siruganur, Tiruchirappalli
(227mg/L) .

Other districts with numerousaffected locationsinclude Chengalpattu,
Coimbatore, Cuddalore, Dharmapuri, Dindigul, Erode, Kallakurichi,
KancheepuraniKanniyakum, Karur, KrishnagiriMaduraiNagapattinam,
Namakkal PerambalurSalem,Thanjavur,Theni, Thiruvallur, Tirunelveli,
Tirupathur,Tiruppur,andViluppuram.

Fluoride Toxicity: Severalocationsexceedhe safelimit for Fluoride(> 1.5
mg/L).

A

Most severelyaffected: Cumbumin Thenirecorded3.97mg/L, followed
by Nandavanampain Dindigul(3.27mg/L).

[30




(o)
AVde

mrmiGs
DI DG

A OtherdistrictsshowingelevatedliuoridelevelsincludeDharmapuriErode,
KrishnagiriMaduraiPerambaluiRudukkottaiRanipetSalemTenkasiand
Tiruppur.

4.Heavy Metals (Iron, Manganese L ead, and Zinc)

A Iron (> 1.0 mg/L): Very high concentrationf iron were found in
ThirumangalamMadurai (46.895mg/L) and Adanakottai,Pudukkottai
(24.820ng/L). Otherlocationswith elevatedon includepartsof Cuddalore,
Kancheepuraniarur, MayiladuthuraNlamakkalandTheni.

A Manganese (> 0.3 mg/L): Hanumanthanagan Dindigul reporteda
significantoncentratiof 3.263ng/L. Elevatednanganess alsotracked
in Ariyalur,ChennaiCoimbatoreCuddaloreDharmapuriKancheepuram,
Krishnagiri, Nagapattinam,Pudukkottai, Ranipet, Sivaganga,Tenkasi,
Thiruvallur,ThoothukkudiTiruchirappalliandTiruvannamalai.

A Lead (> 0.01mg/L): Lead contaminationwas recordedin Mogaiyur,
Viluppuram(0.026mg/L) andGanapathipalayamiyuppur(0.016mg/L).

A Zinc (> 15mg/L): A massivespikein Zinc concentratiorwasfound in
AdanakottaiPudukkotta(58.622ng/L).

5. Trace Elements (Arsenic and Uranium)

A Arsenic(> 10ppb): Rameswaramin Ramanathapuranrecordedisevee
high of 63.7 ppb. Additional locationswith toxic arseniclevelsinclude
Venmaniin Tiruvannamalg20.3ppb), Thethakudin Nagapattinan(l15.8
ppb), Keelpuvanikupparm Cuddalorg14.9ppb), and TiruchendwE in
Thoothukkudi(12.7ppb).

A Uranium (> 30 ppb): Unjanai in Namakkal (78.2 ppb) and
Thirumangalam in Madurai (74.0 ppb) exhibit the highesturanium
toxicity.OtheraffectecareasncludeManaparan Tiruchirappall{48.1ppb),
Thiruvegamputhuin RamanathapurarnB4.7 ppb), and Kawthalamin
Krishnagiri (32.6ppb).

Overall,groundwatem Tamil Nadufacesseveranulti-parametecontamination.
Districtslike Pudukkottai (extremd=C, Iron, andZinc levels)Ramanathapuram
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(high Arsenic,Uranium,and EC), and Madurai (elevatedron, Uranium,and
Nitrates)are specificallwulnerablé'hotspots"for highly degradedyroundwater
guality. Nitrate pollution remainsuniversallypresentin drinking water sources
acrossheagriculturabeltsof the state.

Reference:

(https://cgwb.gov.in/cgwbpnm/publicatiedetail/1743
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Reversingseveregroundwatercontamination

Reversingevergroundwatecontaminatiomequiresitheraggressivengineered
remediatiorto extractpurify, anddisplacepollutantsor systemisourcecontrol
interventionto starvethe aquiferof contaminantnputsuntil naturalattenuation
restoreshewatertable.

Two globallyecognisedenchmarkdemonstrataowhighlydegradedquifercan
befully recoveredtscale:

1. Active Engineering: Orange County Groundwater Replenishment
System(California, USA)

The Crisis

By the mid-20th century, relentlessoverpumping of the Orange County

GroundwateBasincausedhe watertableto drop belowsealevel.This pressure
collapseriggerediestructivesaltwaterintrusion from the PacificOceandrawing

marinesalinitymilesinland and contaminatingoastaimunicipaland agricultural
wells.Simultaneouslyrban expansiorand industrialmanufacturingntroduced

volatileorganiccompoundgVOCs)andnitratesnto theinlandrechargeones.

The Mitigation Plan

Ratherthanabandoninghe aquifer the OrangeCountyWaterDistrict (OCWD)
constructedthe Groundwater Replenishment System (GWRS) the world's
largesadvancewvastewatguurificationandpotablereuseproject.Takingl00%of
regionakeclaimablevastewatefproducingup to 130million gallonsper day,the
planttreatswaterthrougharigorousthreestepadvancegurificationtrain:

1. Microfiltratio n (MF): Hollow-fibre membranestrainout suspendeslolids,
bacteriaprotozoaandlargeorganiccompounds.

2. Reverse Osmosis (RO): High-pressuremembranefiltration removes

dissolvedsalts,PFAS,VOCs, viruses and pharmaceuticalpushingpurity
pastdistilledwaterstandards.

N . 53
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3. AdvancedOxidation Process(AOP): High-intensityultraviolet(UV) light
combinedwith hydrogenperoxide($H_20_2%neutralisesiny tracelow-
moleculaweightchemicatompoundshatslipthroughRO membranes.

The Reversal& Impact

A Hydraulic Barrier Restoration: Approximatelonethird of the ultrapure
wateris injecteddirectlyinto a seriesof coastalnjectionwells(the Talbert
SeawateBarrier).This createsa pressurisefreshwatemall that haltsand
pusheshe marinesaltwatewedgebackinto the PacificOcean.

A Basin Recovery: The remainingvolumeis pumpedinlandto percolation
basingn Anaheimfiltering naturallythroughsandandgraveldeepinto the
aquifer.

A Measurable Outcome: The aquifer was fully stabilised chemcal
contaminanplumesweredilutedanddisplacedandthe basinnow supplies
nearly75% of the drinking water for 2.5 million residentsbecominga
droughtproof globalblueprintfor urbangroundwaterehabilitation.

2. Regulatory Source Control: Denmark's Nationwide Agrochemical
Reversal

The Crisis

Denmarkrelieson simple,unchlorinatedgroundwaterfor nearly 100%of its
drinking water. By the 1980spostwarintensiveagriculturéhadcreatednassive
nitrogensurplusesand pesticiddeachingShallowand deepaquifersacrossthe
Jutlandpeninsulaand ZealandexceededturopeanUnion safetythresholdg50
mg/L nitrate), forcing the closureof over 700 municipal waterworks and
threateninghe country'sunchlorinatedrinkingwatermodel.

The Mitigation Plan

Recognisinghat chemicalwater treatmentat every municipaltap would be
economicallyand ecologicallyunsustainableDPenmark enacteda proactive
preventioratsourceparadigmed by sequentialction Plans for the Aquatic
Environment and the Nationd Groundwater Monitoring Program
(GRUNDVAND ):

. [34
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1. Strict Nitrogen Accounting: Farmersarelegallypoundto nationahutrient

guotashasedn precisesoilcompositiorandcrop uptakemodelsNitrogen
surplusesretrackedat the farm level,and excessapplicationgacesevere
financiapenalties.

Geophysical Wellfield Zoning: Hydrogeologists used airborne
electromagnetgeophysicsSky TEMYo mapthenationwideD architecture
of aquifers. Municipalitiesused this data to designateGroundwater
Protection Zones around capturewells, legally banningfertilizers and
pesticides vulnerablenfiltrationcorridors.

Targeted Agrochemical Bans: The statesystematicallyannedpersistent
pesticidesand metabolites(such as chloridazon,atrazine,and BAM)
immediatelypondetectionn earlywarninggroundwatemonitoringwells.

The Reversal& Impact

A Documented Chemical Reversal:Using chlorofluorocarbor{CFC)age

dating Danishresearchetsackedvaterechargingheaquiferovers50years.
Theyproveda statistically significant downward trend reversalin toxic

groundwatenitrateconcentrationseginningn the 1990sdirectlymirroring

a>40%reduction in nationalgriculturahitrogensurplus.

Economic Viability: Denmark demonstratedhat diffuse agrochemical
pollutioncanbereverse@crossanentiregeologicabasinwhilemaintaining
highcropyieldsandoneof theworld'smostintensivdivestockndustries.

Global Best Practice Comparison

Strategy Orange County, USA Denmark (Saurce Control)
Dimension (Active Engineering)

Primary Saltwatemtrusion industrial | Agriculturahitratespesticide
Contaminants VOCs,PFAS metabolites

Advancedgurification(MF + Legallyenforcechutrient

Mitigation RO+ UV/$H 20 2%)and budgetschemicabans,
Mechanism ST . .
Injection wellfieldzoning
- [39




Capital High upfrontinfrastructure IFSWUT:,:&W%%@”?SS?LT;?
Intensity ($>1billiontotalinvestment) g A g
governance
Immediatdocalizedchydraulic Decade$1030years
Reversal o : )
S barrier5015yeardor basin | dependingnvadoseone
Timeline . :
turnover thicknesandtraveltime)
. Idealfor high-densityurban | ldealfor extensiveegional
Primary - - i - i
centersvith acutepoint basinglominatedy diffuse
Takeaway : : :
sourceor marinethreats agrochemicaiollution

In developingeconomiesmitigating severegroundwatercontaminationoften
involvesnavigatingapidindustrialisatigriegacyesourcextractionandcomplex
regulatorgnforcement.

One standoutcasestudydemonstrateworld-classbestpracticesn haltingacute
groundwatedestructiorandengineeringcologicalecovery:
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Hydraulic Interception & AMD Neutralisation: Witwatersrand Gold Basin
(South Africa)

The Crisis

Over a centuryof deepgold miningin the Witwatersrandasin(spanninghe
Western,Central,and EasternBasinsbeneathJohannesburgnd surrounding
industrialhubs)left behind massivaundergroundnine voids. Whendewatering
pumpswereshutdownaftermineclosuresiisinggroundwatefloodedthecavities,
reactingvith exposedron pyriteandoxygen.

A The Impact: This generatednassivevolumesof Acid Mine Drainage
(AMD) , waterwith apH aslow as2.5to 3.0,heavilylacedwith sulfuricacid,
iron,aluminiummanganesandradioactivéraceuraniumBythelate2000s,
this highlytoxic waterbegarrisingtowardthe surfacethreateningo decant
into shallowmunicipaldrinkingwateraquifersthe VaalRiversystemand
UNESCOQOprotectecheritagesitedike the Cradleof Humankind.

The Mitigation Plan (BestPractice Paradigm)

The South African governmentestablishedn Inter-Ministerial Task Teamto
engineeabasinscalénydraulianterceptiorand37analizin7on strategy:

1. Establishing Environmental Critical Levels (ECLs): Hydrogeologists
mappedhe exactsubterraneanlevationimits beyondwhich rising AMD
wouldcontaminatshallowfreshwateaquifersor surfacelrainages.

2. Basin-ScaleHydraulic Abstraction: Massivegorrosionresistanpumping
stationsvereinstalleddirectlyinto deepmineshaftsacrossallthreebasingo
contnuouslyextractthe rising acidicwater,lockingthe groundwatetable
safelybelow the ECL threshold.

3. High -Density Sludge(HDS) Treatment: TheabstractedMD ispumped
into highvolume HDS treatmentplants where it undergoesaggressive
37analizin§7ion usinglimestoneandlime. Air oxidationprecipitatefieavy
metals(iron, manganes&luminium out of the watercolumnasa dense,
manageabkudge.

. [37]
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4. Ingress Control: Surfaceengineeringrojects(analizingstreamssealing
abandonedshafts,and repairingsurface fractures)were implementedo
preventcleansurfacevaterandrainwatefrom infiltratingthe subterranean
voids,reducinghetotal volumeof toxic watergenerated.

The Outcomes

A Preventionof SubsurfaceContamination: Pumpingsuccessfullseversed
the uncontrolledrerticalmigrationof the AMD plume preventinghetoxic
waterfrom breachinghe upperdolomiticdrinkingwateraquifers.

A SurfaceWater Recovery:Millions of litersof neutralizedmetalfreewater
arereleasedailyto augmentegimalriverflows,transforming@nacutetoxic
liabilityinto amanageavaterresourcdor industriandagriculturateuse.

References:

https://www.researchgate.net/publication/368014487 Groundwater Recharge_to_Address Seawater
Intrusion _and Supply in dfrban Coastal Aquifer#:~:text=Map%200f%20the%20Groundwater
%20Replenishment,Case%20Studies%20in%20the%20Environment

https://www.ocwd.com/micrefiltration/

https://www.sciencedirect.com/science/article/abs/pii/S1462901107001219

https://www.environment.co.za/documents/acninedrainageamd/interkministeriateportacid
minedrainagemdwitwatersrandoldfieldssouthafrica.pdf
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https://www.researchgate.net/publication/368014487_Groundwater_Recharge_to_Address_Seawater_Intrusion_and_Supply_in_an_Urban_Coastal_Aquifer#:~:text=Map%20of%20the%20Groundwater%20Replenishment,Case%20Studies%20in%20the%20Environment
https://www.ocwd.com/micro-filtration/
https://www.sciencedirect.com/science/article/abs/pii/S1462901107001219
https://www.environment.co.za/documents/acid-mine-drainage-amd/inter-ministerial-report-acid-mine-drainage-amd-witwatersrand-goldfields-south-africa.pdf
https://www.environment.co.za/documents/acid-mine-drainage-amd/inter-ministerial-report-acid-mine-drainage-amd-witwatersrand-goldfields-south-africa.pdf

Waterbodiesin Tamil Nadu

TamilNadu,with ageographiareeaof 1,30,058quar&ilometresandapopulation

of over8 crore,reliesheavilyon a vastandpredominantlyural networkof water

infrastructureThefirst censuof waterbodies(publishedn 2023by the Minsitry

of JalShakti)in the stateenumerated total of 1,06,95%vater bodies, providing

criticalinsightsinto their composition utilisation and the severesnvironmental
challengetheyface.

Composition and Geographic Distribution: The state'swater resourcesare
overwhelminglgoncentratedh rural regionswhich host92.9%(99,414)of all

water bodies, comparedo just7.1%(7,543)n urbanareasTheinfrastructures
largelytraditionalandnatural;72.2%(77,244)of the water bodies are naturally
formed, while27.8%(29,713aremanmade mostof whichwereconstructedor

underRs.50,000.

In termsof types,tanks are the most prominent, making up nearly 41%
(43,837)of the total, followed closelyby pondsat 35.8%(38,321)and lakesat
12.8%(13,629)The vastmajorityof theseresources91.8% are under public

ownership. Geographicalljhesevatetbodieserveighlyvulnerableegionswith

34.3%(36,683)ocatedin Drought Prone Areasand8.9%in tribalareas.

% distribution of WBs by type

2.6
M Ponds

7.7
M Tanks

Lakes

M Reservoirs

W Water Conservation
Schemes/percolation
tanks/check dams

Others

Physical Characteristicsand Capacity. The datahighlightsthat Tamil Nadu's
waterbodiesareprimarilysmalscaleanddecentralise®ver 70%of the state's
waterbodieshaveawater spreadareaof lessthan 0.5hectares Similarlytheir

[39




storagecapacitiearequitelimited,with 54.4%holding between0 and 100cubic
metersof water, andonly 8.4%capablef storingmorethan10,00Gubicmeters.

% distribution of WBs acc. to water spread area

0.7

1.1/'

M Less than 0.5 hectare

M 0.5 hectare to 1.0 hectare
W 1 hectare to 5 hectares

W 5 hectare to 10 hectares

M 10 hectares to 50 hectares

M More than 50 hectares

Usage Patterns and Beneficiaries Despitethe extensivenetwork,a significant
portion of thisinfrastructures underutilizedOnly 53.1%(56,760)of the state's
water bodiesare currently in use Amongthosethatarefunctionaljrrigation is
the dominant use, utilizing 35.8%(20,324)f the active waterbodies Ground
waterrecharg€19.2%)and domestic/drinkingneeds(14.1%)representhe next
mostsignificanuses.

40.0
35.0
30.0
25.0
20.0
15.0
10.0

5.0

0.0 -

% distribution of water bodies by type of use

35.8
19.2 3
7.4
l.j . .
— : : || | :
Irrigation Industrial Pisciculture Domestic/ Recreation Religious  Ground Others
Drinking water
Recharge
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Thesdunctionalwaterbodiesarehighlylocalisedn theirimpact57.5%benefit a
single city or town, while 39.1%fulfil the requirementsf two to five citiesor
towns.Furthermore 13,651waterbodiesareformallyintegratednto District or
StatdrrigationPlanshighlightingheir strategiemportancedo localagriculture.

Vulnerabilities: Drying Up, Degradation, and Encroachment The most
criticalinsightfrom the censuss the severestresgplacedon thesewaterresources.
A staggering 46.9%(50,197)f Tamil Nadu's water bodies are no longer in
use Theprimarydriverof thisfailureis environmentaR1,449vater bodieshave
simply dried up. Humaninterventionhasalsocausednassivelegradationyith
5,621waterbodieslost to construction2,808sufferingfrom heavysiltation,and
1,095destroyedbeyondrepair.

Additionally, encroachment threatens 8,366 water bodies, predominantly
affectinganks(3,565andponds(2,805)In adetailechssessment 4,933of these
encroachedodies,1,009were found to havemore than 75% of their area

illegally occupied, criticallydiminishingheircapacityandutility.

% distribution of WBs by filled % distribution of WBs by status of
up storage filling
45.0 39.4
40.0
35.0
M Full 30.0 27.5
B Upto 3/4 25.0 17.0
Up to 1/2 20.0 161
15.0
HUpto1/4 10.0
Nil/Negligible 5.0 l I
0.0
Filedup  Usually Rarely Never
every year filledup filledup filled up

WaterAvailability Trends: ThelocalisegsmaHscalenatureof thesavaterbodies,
combinedwith environmentafactors,makeswaterretentiona severechdlenge.
Historicaldataoverafive-yeamperiodshowgshat39.4%of assessedvaterbodies
"rarely filled up," and 17%"never filled up". Only 27.5%consistentlfilled up
everyyear Evenduringthereferencegearof 201718, nearlya quartern(24.7%)f
assessdabdieshadnil or negligiblestorageandonly 15.5%achievedull capacity.
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WhileTamilNadupossessamexpansivggubliclyownednetworkof naturatanks
and pondsdesignedo supportdroughtpronerural areasthe systemis in deep
crisis.Thecombinatiorof smallstorageapacitieghronicinabilityto retainwater,
massdisusedue to drying up, and structuralloss from encroachmentand
constructionseverelflimits the state'sability to capitaliseon its existingwater
infrastructurdor irrigationandgroundwaterecharge.

Reference:

https://www.jalshaktdowr.gov.in/static/uploads/2024/05/20240110191671260.pdf
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Complex crisis facing T N &traditional water infrastructure - A casestudy

The complexcrisisfacingTamil Nadus traditionalwaterinfrastructuras vividly
illustratedin the socichydrologicaktudyof the Mailamtank cascadeystemin
Villupuram district, which comprisesl14 interconnectedanks. The research
providesacomprehensivanalysisf how shiftinghuman behaviourgnstitutional
changesandclimatefactorsaredrivingthe degradatiowf thesevital ecosystems,
transitioningthem from activeirrigdion sourceso meregroundwaterecharge
structures.

The Breakdown of Collective Action and Cultural Connection Historically,
tank cascadeweremanagedhroughstrongsocialcapitaland communitybased
systems.Farmers practised Kudimaramathu(voluntary collective labour for
maintenancegndthe murasysten{equitablevatersharingules) Specialiseldcal
roles, such as the Kombukatty,who wasresponsibldor daily equitablewater
distributionto allfields,ensuredhe systenfunctionedsmoothly.

However this interdependentelationshiphaslargelycollapsedDriven by the
introduction of modern pumping technology, farmers have shifted from
collective surfacewater irrigation to individualised groundwater extraction.
Well intensity in the command (ayaclutareashas surgedby 20% to 85%.
Consequentlyhetraditionakulturalconnection$o thetanks suchasworshipping
beforethefirstwatereleasdjavedisappearedndcommunitynembersio longer
feelasharedesponsibilityo maintaintheinfrastructure.

Institutional Failures and Top-Down Governance The alienationof the
communitywasseverelgxacerbatelly historicalshiftsin land revenuesystems,
which transferredank ownershipirom localfarmersto the governmentToday,
tankswith acommandareaover40 hectarearemanagedy the WaterResouces
Departmen{WRD)viaWaterUsersAssociationfWWUAs) whilesmalletanksare
managethy the RuralDevelopmen{RD) departmentialocalvillagepanchayats.

This governmentmediatedtop-down approachhaslargelydisempoweredbcal
communitiesThe establishedWUAs are largely dysfunctional, lacking the

financial resources, decisionrmaking power, and technical capacity to

effectivelymanagethe tanks. Cruciallythecurrentpoliciedreattanksasisolated,
individual structures,completelyignoring the traditional knowledgeof their
interconnected'cascade"design, which historically regulatedoverflow and
mitigatedloods.
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Hydrological and Ecological Degradation: The breakdownn managemeifitas
ledto sever@hysicatlegradationf thetankcascadsystemT heresearcidentifies
severatriticalhydrologicatonsequences:

A CapacityLoss: Thelackof reguladesiltingandtheinvasivegrowthof deep
rooted Prosoptiseeshavereducedwvaterstoragecapacitie®y 10%to 25%
acrosshetanks.

A Infrastructure Collapse: Sluicesand shuttersare broken or deliberately
pluggedwith mud, surplusweirsaredamagedandfield irrigationchannels
havebeenentirelydismantledby farmeran nearly90%of the network.

A Land Use Transformation: Betweer2004and2024 the regionsawa 44%
reduction in cropland alongsida 13%increasen fallowlandsMeanwhile,
builtup settlemenareasn thecatchmentonesspikedoy 1,200%from 5 to
65hectares).

A Altered Water Dynamics: Due to changindand useand higherrainfall,
surfaceunoff hasincreasety 19%.However)ocalisedjyroundwatelevels
continueto fall (droppingby 0.43to 0.82 metersbelow ground level
comparedo the decadaimean)dueto the massivencreasén independent
wellpumping.

Climate Vulnerability: Thisdegradedhfrastructures increasingljl-equippedo
handlanoderrclimateaealitiesRainfalbnalysiffrom 1994to 2023ndicatesisharp
risein extremenveatheeventsheavyyeryheavyandextremelyeavyainfalldays
haveall increasedigificantlysincethe year2000.Poorlymaintainedundsand
defunctsluicesneanthattheseextremeainfalleventsnow poseaseverdlooding
risk to surroundingcommunitieandcrops,ratherthan servingasan opportunity
to harvestindstorewater.

Strategic Recommendationsfor Resilience To rescuethesevital ecosystems,
the researcherstronglyadvocatdor a socio-hydrological approachi onethat
recognisethe inseparabléeedbackoopsbetweerhumanbehaviourinstitutional
governancendwatersystemKeyrecommendationsaclude:

1. Mainstreaming the Cascade Approach: Government rehabilitation
policies must shift from restoring isolated tanks to repairing entire
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interconnectedcascade$o ensuresafeflood routing and optimal water
retention.

2. Financial Empowerment of WUAs: To build resilient,selfgoverning
institutions, WUAs must be given revenueggeneratingavenuessuch as
managindnighlyprofitableinlandfish culture whichrequiredesdabourbut
fosterscollectiveresponsibility.

3. Genderintegration: With manymenmigratingo urbanareagor nonfarm
employment,women are increasinglymanagingsmakHscale agriculture.
Empoweringvomen'sollective$o takeleadershipolesin tankmanagement
representacriticalopportunityfor futuresustainability.

References:

https://www.frontiersin.org/journals/water/articles/10.3389/frwa.2025.1597293/full

[49



https://www.frontiersin.org/journals/water/articles/10.3389/frwa.2025.1597293/full

(o)
AVde

mIrmGe
IDIHHIGEITIDH

Major Riversof Tamil Nadu

A comprehensivenvironmentatlatasetompiledby the Tamil Nadu Pollution
Control Boardfor the year2024 details the results of theNational Water
Monitoring Programme trackinghe qualityof variousrivers across'amilNadu
on a monthlybasis.The tablesrecorda wide arrayof chemical and biological
indicators, such aspH levels dissolved oxygen Biochemical Oxygen
Demand, TDS andcoliform counts, to assesthe healthof thewater.

Waterqualityis saidto be goodif pH rangesbetweert.58.5,DissolvedOxygen
(DO) isO5mg/L, BiochemicaDxygerDemandBOD)isO 3 m g, TotalColiform
O1 MPN/100mlandTDSislesshanor equato 500mg/L.

Cauvery

The following tabular column detailsthe water quality parametersand their
deviationdor all activemonitoringstationsalbbongthe CauvenRiverfor the month
of December2024

D.O BOD PH DS Total Coliform
Station | (mg/L)*( | (mg/L)*( | Level*(St| (mg/L)*( N
: : . .| (MPN/100ml)*(
Name Standard: Standard: andard: | Standard: Standard:< 1)*
O5. 0] O3. 0 6585* 0500 '
Musiri 7.2 1.52 7.62 594
ferry | *(Within | *(Within = *(Within | *(Exceeds 41*('52‘8)36‘“’3’
gate limits)* limits)* limits)* by 94)*
5.9 2.1 7.86 216
Mettur *(Within | *(Within | *(Within | *(Within 131*(1E§<8;ed®y
limits)* limits)* limits)* limits)*
. 5.8 2.9 7.76 378 *
CalPaR within | *(within | <(Within | *(Within | %° (Eé‘j)ied*’y
y limits)* limits)* limits)* limits)*
Tiruchir 7.41 2.3 7.41 786
appalli | *(Within = *(Within = *(Within | *(Exceeds 41*('52‘8)26‘“’3’
Ul/s limits)* limits)* limits)* by 286)*
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7.29 1.58 8.43 526 .
Crand  wwithin  *(Within | *(Within | *(Exceeds °* gflxg)efd*’y
limits)* limits)* limits)* by 26)* '
Karunth ~ 7.65 1.64 7.65 418 *
attankud | *(Within |~ *(Within | *(Within = *(Within | 20:2 g%xg)efd@y
i limits)* limits)* limits)* limits)* '
| 46*Falls 2.9 7.59 470 .
Varamp Cehortby | *(Within | *(Within | *(Within | 2 (fggﬁed*’y
y 0.4)* limits)* limits)* limits)*
5.4 3.9 8.11 1104 .
paramat wwithin | *(Exceeds *(Within | *(Exceeds (ffgﬁed*"y
y limits)* | by0.9)* | limits)* | by604)*
7.7 2.0 8.13 928 .
Mohanu | «within | *(within | *(Within | *(Exceeds °° (Egg)ied*’y
limits)* limits)* limits)* by 428)*
Tiruchir 6.9 1.82 7.51 542 .
appalll | *(Within = *(Within | *Within | *(Exceeds 2° (Ez’%ie‘“’y
D/s limits)* limits)* limits)* by 42)*
6.8 2.4 782 | 10100 .
Coleroon *(Within = *(Within  *(Within | *(Exceeds ~22 (f;‘fﬁed*"y
limits)* limits)* limits)* | by9600)*
| 6.6 2.4 8.08 9060 )
PIRAVAr wwithin | *(Within | *(Within | *(Exceeds 2 (E;‘f)ied*"y
limits)* | limits)* | limits)* | by8560)
| 6.4 2.1 7.98 520 .
qorimU wwithin | *(Within | *(Within | *(Exceeds < (E;?‘f)ied*’y
limits)* limits)* limits)* by 20)*
6.9 2.0 8.12 328 .
UMA | wwithin | *(Within | *(Within | *(Within | 2" (Egg)ied*’y
paiay limits)* limits)* limits)* limits)*
| 71 1.9 8.17 276 )
OraehiK | wwithin | <(within | *(Within | *(Within | 92 (ng)ied*’y
limits)* limits)* limits)* limits)*
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6.1 2.0 8.04 336 .
Seerapal wwithin | *(Within | *(Within | *(Within (120 (fggﬁedby
y limits)* limits)* limits)* limits)*
6.1 2.7 7.77 724 .
Pugalur  *Within =~ *(Within = *(Within | *(Exceeds °2 (Eé‘f)ied*’y
limits)* | limits)* | limits)* | by 224)*
70 1.66 8.12 532
Petavall «within | *(Within | *(Within | *(Exceeds 47'2*21%)‘;)8*9“’3’
limits)* limits)* limits)* by 32)* '
6.9 1.76 7.77 466
Fumbak | wwithin | +(Within | *(Within | *(Within 1535?;(5%"‘;‘)35‘3'3
limits)* limits)* limits)* limits)* y 190
Mayilad | 4.0*(Falls 6.0 8.12 303 .
uthurai | shortby | *(Exceeds *Within = *(Within 45‘;'14(5'53"2‘)35‘15
Uls 1.00* | by3.0)* | limits)* = limits)* yass.
| 7.4 2.4 7.98 352 .
AVAINDA within | *(Within | *(Within | *(Within | 2 (Eg?‘f)ie‘“’y
y limits)* limits)* limits)* limits)*
Kooduth
. 6.3 25 8.19 340 .
(Bravani “Within | *(Within  *(Within |~ *(Within 2 (Eé‘g)ied*’y
limits)* limits)* limits)* limits)*
D/s)
Kumara 7.6 <2.0 8.05 340 *
palayam = *(Within | *(Within = *(Within = *(Within |3 (fggﬁed*"y
U/s limits)* limits)* limits)* limits)*
| 6.6 2.1 8.07 768 .
Palpa | w(within | *(Within | *(Within | *(Exceeds (Elxg)ied*’y
y limits)* | limits)* | limits)* | by268)*
6.4 2.6 7.62 678 .
COUT w(within | *(Within | *(Within | *(Exceeds °* (Eé‘g)ied*’y
limits)* limits)* limits)* | by178)*
Mayilad | 4.0*(Falls 8.0 8.23 328
uthurai shortby | *(Exceeds *(Within | *(Within 983'4;(7%)(2()95 =
Dis 1.00* | by5.0)* | limits)* | limits)* y=219.
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(NoteThestatioat"KC Palayaiftrodé&)/s)" remairexcluddéebnthidistasit recorded
"No Flow'duringhemontlefDecember).

Key observations:

A Universal Bacterial Contamination (Total Coliform): The mostcritical
findingis that 100%of the active monitoring stationsfailed to meetthe
Total Coliform standard of < 1 MPN/100 ml. Every station showed
bacteriapresenceandicatingvidespreadontaminatiomlongtheentireriver
stretchThelevelsangedrom 11 MPN/100 ml atPallipalayar®/s upto a
massiv®80.4MPN/100 ml atMayiladuthurdd/s.

A Localised Ecological StressHotspots: The stationsat Mayiladuthurai
(Upstream and Downstream) represensevergollution hotspotsfor the
month. They are the only stationsto completelyfail the fundamental
ecologicaparametersimultaneousisecordingdeficientDissolvedOxygen
(4.0mg/L) andhighlyelevatedBiochemicaDxygerDemand6.0mg/L and
8.0mg/L, respectivelyYhis combinatiorpointsto a heavylocalisednflux
of organiovaste.

A Estuarinevs.Inland TDS Exceedances:

U Coastal Salinity: The astronomicalTotal DissolvedSolids(TDS)
readingstColeroon(10,100ng/L) andPichavaram(9,060mg/L)
areexpectedueto theirgeographicébcationsatthecoastal/estuarine
boundariesvheretheriver mixeswith seawater.

C

Inland Runoff: However, several strictly inland stations also
significantly exceededthe 500 mg/L TDS Ilimit. For example,
ParamathyVelur recordedl,104ng/L andMohanur recorded928
mg/L . This indicatessubstantialnorganicpollution or agricultural
runoff enteringhe middlestretchesf theriver.

A StablepH Levels: Despitethe significantfailuresin bacteriakountsand
localisedissueswith oxygenand organicloads,the river maintainedits
chemicalbalancein terms of acidity/alkéinity. Every single station
maintained a pH levelwithin the acceptable6.5to 8.5range
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Healthy Oxygen in Upper/Middle Reaches:Outsideof a slightdip at

VairampalayaandthesignificanfailuresatMayiladuthuraihevastmajority
of the river maintainechealthyDissolvedOxygenlevelsabove5.0 mg/L,
suggestinthatthe river still retainsa strongcapacityo supportaquatidife
acrossnostof its course.

Coovum

CoovumRiver WaterQuality & Deviations (December2024)

Statio D.O BOD pH TDS Total Coliform
n (mg/L)*(S | (mg/L)*(S | Level*(Sta| (mg/L)*(S N
. . : | (MPN/100ml)*(
Nam tandard: @ tandard: ndard:6.5 tandard: Standard:< 1)*
e O5.0 03.0 8.5)* O500] '
Anna | 1.5*(Falls 10.0 7.17 632
Naga | shortby | *(Exceeds *(Within | *(Exceeds 9313*55)1(?;*%@3/
r 3.5)* by 7.0)* limits)* by 132)*
Arum | NIL *(Falls 11.0 7.23 608
bakka| shortby @ *(Exceeds *(Within | *(Exceeds 9406*9556(;)9*ed$)y
m 5.0)* by 8.0)* limits)* by 108)*
.. 2.4%(Falls 6.0 7.15 612
MY shortby | *(Exceeds *(Within | *(Exceels loﬁO%%‘;ifds
2.6)* by3.0)* limits)* | by112)* y
Poon | NIL *(Falls 12.0 7.08 580
amall | shortby @ *(Exceeds| *(Within | *(Exceeds 1O§OC:)L*(()I§>S;§E tE
e 5.0)* by9.0)* limits)* | by80)* y
Colle | 2.5%(Falls 6.0 6.95 512
ge shortby | *(Exceeds *(Within | *(Exceeds 9693*9(5;(%3*ed$)y
Road 2.5)* by 3.0)* limits)* by 12)*
Near |NIL *(Falls 15.0 6.89 596
Centr | shortby | *(Exceeds *(Within | *(Exceeds 10??6%22?5 <&
alJail | 5.0 | byl12.00* | limits)* | by96)* y
Napi
NIL *(Falls 18.0 6.81 680
(I;rri q shortby | *(Exceeds *(Within | *(Exceeds 18??%?3?5 o
. 91 500 | byl5.0)* limits)* | by180)* y
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Key Observationsfor the CoovumRiver

TheCoovumRiverexhibitssignsof catastrophiecologicatollapse@crossts entire
urbanstretch:

A

Critical Anoxia (Zero Oxygen): The river completelyfails to meet
DissolvedOxygenstandardg-our out of the sevenstationg Arumbakkam,
Poonamalld\earCentralailandNapierBridgeyecordedNIL" (absolutely
zeromeasurablexygen)whilethe highestecordedevelat anystation was
merely2.5mg/L. Theriverisfunctionally'dead"andcannotsustairaquatic
life.

Astronomical Biological Constraints: Every singlestation dramatically
failedthe BiochemicaDxygenDemand(BOD) limits. Whilethe maximum
acceptablstandards 3.0mg/L, the Coovumregisteredaluesangedrom
6.0mg/L upto 18.0mg/L, pointingto a massivegontinuousnflux of raw
organiovasteor sewage.

SevereSewageContamination: The Total Coliform countsareuniformly

hazardousAgainstthe strict standardf < 1 MPN/100ml, contamination
levelshovernearl0,000MPN/100mlfor mostof theriver'sstretch surging
to amassivd 8,89MPN/100ml attheriver'smouthnearNapierBridge.

Consistent TDS Exceedances:Every station exceedghe optimal 500
mg/L limit for Total DissolvedSolidsyemainingonsistentiyigh (between
512 mg/L and 680 mg/L), which reflectsthe heavyconcentrationof
dissolvedirbanpollutantsandsludge.
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Adyar
Adyar River WaterQuality & Deviations (December2024)
D.O BOD pH TDS :
Station (mg/L)*( | (Mg/L)*(S | Level*(Sta (mg/L)*(s | 1ot Coliform
: . : . (MPN/100mlI)*(
Name | Standard: tandard: ndard:6.5 tandard: Standard:< 1)*
O5.0 0©03.0 8.5)* 0500 '
Ekkat | 1.3*(Falls 10.0 7.06 390
uthang| shortby @ *(Exceeds *(Within | *(Within 6668"6(I§>6<$t)'-3*ed®y
al 3.7)* by 7.0)* limits)* limits)*
1.4*(Falls 10.0 7.52 460
Jaterk | shortby | *(Exceeds *(Within | *(Within 8583*%;;‘;5"*”
P 3.6)* | by7.0)* limits)* | limits)*
Marai = 3.1*(Falls 12.0 6.67 578
malai shortby | *(Exceeds *(Within | *(Exceeds 1000*%%);c;fed®y
Bridge 1.9)* by 9.0)* limits)* by 78)*
Kottur @ 1.4*(Falls 10.0 6.96 406
puram | shortby @ *(Exceeds *(Within | *(Within 8570*ég>6<g()9*ed$)y
Bridge 3.6)* by 7.0)* limits)* limits)*
2.1*(Falls 6.0 7.00 392
ooat | shortby | *(Exceeds *(Within | *(Within 8845*égzz)efd*’y
2.9)* by 3.0)* limits)* limits)*

Key Observationsfor the Adyar River

The AdyarRiverdisplaysvidespreaécologicastressandseverairbanpollution,
sharingnanyof the negativéraitsof the Coovum:

A Critical OxygenDeficit: MuchliketheCoovumtheAdyarRivercompletely
failsto meetminimumDissolvedOxygenstandardsEverysinglestationis
highlydeficientrecordingDO levelsdangerouslipow betweerl.3mg/L to
3.1mg/L. SucHowoxygerenvironmentareincapablef properlysustaining
healthyfishandaquatiecosystems.

High Organic Loads (BOD): The river universallyails the Biochemical
OxygerDemandstandardO3.0mg/L) acrossllmonitoringstationsLevels
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peakat 12.0mg/L at MaraimalaBridgeandremainconsistentlyigh (10.0
mg/L) at most other stations,indicatinga massivepresenceof decaying
organianatterandrawsewage.

A Extreme Bacterial Contamination: Total Coliformcountsshowdisastrous
levelsof fecal/sewageontaminationEverystationdramaticallyiolateghe
strict<1 MPN/100ml standardCountsgenerallyhroverbetweert,600and
8,845MPN/100ml for the majorityof the stretch creatinga massiveublic
healthhazard.

A TDS is Mostly Acceptable:In a slightcontrastto the heavilyburdened
CoovumRiver,the Total DissolvedSolids(TDS) in the AdyarRiverwere
actuallyargelykeptin checkduringDecembert-our out of thefive stations
maintainedeveldeneattthe 500mg/L thresholdrangingrom 390to 460
mg/L), withonlyMaraimalasridgeshowingaminorexceedan¢&78mg/L).

Tamirabarani

Tamirabarani River WaterQuality & Deviations (December2024)

D.O BOD pH TDS Total Coliform
Station (mg/L)* | (mg/L)*( | Level*(St (mg/L)*( | (MPN/100ml)*
Name (Standar| Standard: andard: | Standard: (Standard:<
dO5.| O03. 0 6585* 0500 1)*
6.8 2.0 6.52 36 "
Papanasam | *(Within *(Within *(Within *(Within | <0 %"g;ﬁeds
limits)* | limits)* | limits)* | limits)* yee.
6.5 2.0 6.93 60
cheranmaha «within  *(within | *(Within  *(Within | %% ElEng;ieds
limits)* | limits)* | limits)* | limits)* yae.
: , 6.7 2.0 7.30 78 "
Jrunevell ' swithin  *(Within | *(Within  *(Within | °%9 %Elxg;ieds
limits)* | limits)* | limits)* | limits)* yoL-
: : 7.03 2.0 7.33 42
Lrunelvell - wwithin| *(within | *(Within | *(Within | £5% (Z'szg;a*eds
limits)* | limits)* | limits)* | limits)* yee.
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| | 67 3.0 6.79 52 .
ThItIPUdaIm wwithin | <(within = *(Within | *(Within | % g%xi)e*eds
limits)* | limits)* | limits)* | limits)* Y28
6.6 2.0 6.59 42
Ambasamudr wwithin  *(Within | *(Within | *(Within | 35> g%xg)e*eds
limits)* | limits)* | limits)* | limits)* Y-S0
5.9 278 | 760 | 342
Authoor | *(Within  *(Within | *(Within *(Within | #%3 (zgxg)efds
limits)* | limits)* | limits)* | limits)* yes.
6.2 2.6 727 | 284
Eral “(Within | *(Within | *(Within = *(Within | %5 %%ngfds
limits)* | limits)* | limits)* | limits)* you.
| &5 2.0 6.78 48
Raldalkuric  «yithin | *(within  *(Within | *(Within | 5% g%x%e*eds
limits)* | limits)* | limits)* | limits)* y3e.
o 5.7 2.2 7.65 176
STvalkunda. wwithin | *(within | *(Within | *(Within | % ﬁ‘g;?ds
limits)* | limits)* | limits)* | limits)* yas.
Vellakoil, 6.4 3.0 7.29 112 .
Palayamkott | *(Within *(Within = *(Within | *(Within | 550 gzlxg;ieds
ai limits)* | limits)* | limits)* | limits)* yer.
6.2 3.0 730 126
Seevalaperi | *(Within | *(Within | *(Within | *(Within | 2 (7'52";;9*6"5
limits)* | limits)* | limits)* | limits)* yle
Manimuthee 6.6 3.0 7.60 96
swarant(Tiru| *(Within = *(Within = *(Within = *(Within | >0 (5sz(c):)e*eds
nelveliD/s)* limits)* | limits)* | limits)* | limits)* yoe.

Key Observationsfor the Tamirabarani River

In starkcontrasto the heavilypollutedurbanriverslike the CoovumandAdyar,
the TamirabarariRiveris comparativeliealthy

Exceptional Core Ecological Health: Everysinglemonitoringstationon the
Tamirabaransuccessfullynet the standardg$or DissolvedOxygen Biochemical
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OxygerDemandBOD),andpH levelsTheriverhasstronglife-sustainingxygen
levelsangingrom 5.7mg/L upto 7.03mg/L.

A Very Low Dissolved Solids (TDS): The Tamirabaranstandsout for its
exceptionallow TDS levelsWhilethe acceptablémit is 500mg/L, many
stationgecordedaluesvellbelowl00mg/L (suchas36mg/L atPapanasam
and42 mg/L at Ambasamudramindicatingverypurewaterwith minimal
inorganigollutionor agriculturatunofft.

A Minor Bacterial Contamination: Like the Cauverythe Tamirabararfailed
the strict Total Coliform standard(< 1 MPN/100ml) at every station.
However the scaleof contaminations vastlydifferent.Whilethe Coovum
and Adyar registeredbacterial counts near 10,000 MPN/100ml, the
Tamimabarani'scounts are merely double digits acrossits entire stretch,

peakin@tjust82.6MPN/100mlatVellakoil.

Bhavani

BhavaniRiver WaterQuality & Deviations (December2024)

D.O BOD pH TDS Total Coliform
Station | (mg/L)*( | (mg/L)*( | Level*(Sta (mg/L)*( N
: : . . (MPN/100mI)*(
Name Stgndard. Stgindard. ndard: S’gandard. Standard:< 1)*
O5. 0 O3. 0 6585* 0500 '
Badraka 6.6 2.0 7.64 P b .
liamma = *(Within | *(Within = *(Within 92”n(1\f¥g)2'” = (Eg‘%ied*’y
n Kovil limits)* limits)* limits)*
. 6.9 2.6 7.41 124 *
SIUMUG within - *(Within | *(Within | *(Within | %0 (Eé‘%iedby
limits)* limits)* limits)* limits)*
Bhavani 6.7 1.8 6.43*(Falls 148 .
(Station | *(Within | *(Within = shortby | *(Within | '+ (E;‘g)ied*’y
1205) limits)* limits)* 0.07)* limits)*
Bhavani 7.4 1.8 7.90 336 *
sagar | *(Within = *(Within = *Within = *(Within | °° (Esi‘zc)ied*’y
Dam limits)* limits)* limits)* limits)*

[59




(o)
AVde

IDII 0]

IDIHHIGEITIDH
5.0 2.3 7.89 360 .
RNPU wwithin - *(within | *(Within | *(Within | &* (Eg‘g)ied*’y
limits)* limits)* limits)* limits)*
Sathya
6.2 2.7 7.77 396 .
Mangaa wwithin | *(Within | *(Within | *(Within | 100 (fggﬁedby
Temple limits)* limits)* limits)* limits)*
Kalingar
5.6 2.9 8.05 340 .
AN wwithin - *(Within | *(Within | *(Within | (E;‘g)ied*’y
U/s limits)* limits)* limits)* limits)*

(NoteThedownstreamtiofortheKalingaray@analStatio3021]recordéido
Flow'durindgpecemiigfi24andsexcluddebnthidlist.)

Key Observationsfor the BhavaniRiver

Similarto the TamirdoaraniRiver,the BhavanRiverdemonstratea highlyrobust
and healthyecologicaprofile, especiallyvhen contrastedwith heavilypolluted
urbanrivers.Keytakeawaysom the DecembeR024datainclude:

A Universal, Yet Mild, Bacterial Contamination: Whileeverystationfailed
the ultrastrict Total Coliform standardof < 1 MPN/100ml, the actual
contaminatiofevelsareextremelyow for anopenriversystemrl hebacterial
counts strictly stayedin the doubleor low triple digits (peakingat 183
MPN/100n1 at Sathyamangalanemple)whichis afractionof the 10,000+
levelsseenin urbanriverslike the CoovumandAdyar.
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Amaravathy

AmaravathiRiver WaterQuality & Deviations (December2024)

(n?.;I)_) BOD pH TDS Total Coliform
Station *(Sq[an d (mg/L)*( | Level*(St| (mg/L)*( | (MPN/100mlI)*
Name ard: Standard:| andard: Standard: (Standard:<
. . * *
o5 ¢ O3. 0 6.585) 0500 1)
6.4 2.3 7.14 1824
Madathukdl «(within | *(within = *(Within | *(Exceeds 248”55;;‘;5“
limits)* | limits)* limits)* | by 1324)* y
: 5.9 2.9 8.03 1364
Selandipala | within  *within | *(Within | *(Exceeds 73*('57)‘;)26‘“’3’
y limits)*  limits)* | limits)* | by864)*
Vangal
6.2 2.3 7.47 824
Road, *(Within *(Within | *(Within | *(Exceeds S0 (EXCE€ddy
Narikuravar imits)* | limits)* limits)* [ b . 85)
Colony imits) imits) imits) y324)

Key Observationsfor the AmaravathiRiver

A Massivelnorganic Pollution (TDS): The mostcriticalissueplaguinghe
AmaravathRiveris the extremeconcentratiorof Total DissolvedSolids.
Every single station dramatically failed this standard. Eventhe lowest
recordedevelat VangalRoad(824mg/L) is well overthe 500mg/L limit,
while the upstreamstationat Madathukulanrecordeda staggerind.,824
mg/L. This pointsto heavyagriculturatunoff, industrialeffluents,or high
dissolvedaltcontententeringhewater.

A Upstream Bacterial Contamination Spike: Like all otherriversanalyzed,
the Amaravathifailed the ultrastrict Total Coliform standardof < 1
MPN/100ml. However,thereis a notableanomalyat the Madathukulam
stationwhichsufferedamassiveontaminatiospikeof 2,400MPN/100ml.
Interestingly the bacterialcount drops significantlyfurther downstream,
registeringat just 73 and 86 MPN/100ml at Sellandipalayaand Vangal
Roadyespectively.
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Palar

PalarRiver WaterQuality & Deviations (December2024)

on

Stati D.O BOD pH TDS

Nam | tandard: tandard: | ndard: 6.5 | tandard:

Total Coliform
(MPN/100ml)*(S
tandard: < 1)*

(mg/L)*(S | (mg/L)*(S | Level*(Sta (mg/L)*(S

e O5.0 03.0 8.5)* 0500 ]

Vani 6.1 PR 7.84 612 .

yamb | *(Within Z'ﬂrf]‘i’t\’s';ﬁ"” *(Within | *(Exceeds °° (fgzﬁedby
adi limits)* limits)* by 112)*

Key Observationsfor the PalarRiver

A

SevereFlow Issues: The mostdefiningcharacteristiof the PalarRiverin
this datasets its lack of consistenwaterflow. The monitoringstationat
Vaniyambadiecordecanabsoluté¢No Flow" statusfor ten consecutive
months (from Januartraightthrough October2024).Waterqualitydata
wasonlymeasurabléuringNovemberandDecember.

Moderate Inorganic Pollution: The river failed the standardfor Total
DissolvedSolids,recording612 mg/L againstthe 500 mg/L maximum
thresholdThismoderatexceedanciggesthepresencef dissolvedalts,
agriculturatunoff, or industriakffluentsvashingnto theriverbed.

Bacterial Contamination: Like everyotherriverin the statethe Palarfailed
the ultrastrict Total Coliform standard.The Decembercount of 435
MPN/100ml indicatesa moderatepresenceof bacterialcontamination,
thoughit is far lowerthanthe massivesurgeseenn the Coovumor Adyar
rivers.
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Thirumanimutharu

Thirumanimutharu River WaterQuality & Deviations (December2024)

D.O BOD pH TDS

Station  (mg/L)*( | (mg/L)*(S |Level*(Sta (mg/L)*(S
Name | Standard: tandard: ndard: tandard:
O5. 0 0O3. 0 6.585)¢ 0500

Total Coliform
(MPN/100ml)*(
Standard:< 1)*

Uthama | NIL *(Falls 4.2 7.56 732 1986*(Exceeds
solapur | shortby | *(Exceeds *(Within *(Exceeds ™' qaey.
am 5.0)* by1.2)* | limits)* = Dby232)* ¢

Key Observationsfor the Thirumanimutharu River

A Critical Anoxia (Zero Oxygen): The mostalarmingtakeaways that the
river completelylacksDissolvedOxygen.The "NIL" readingindicatesan
absoluteabsencef measurablexygenmeaningthe river is functionally
"dead"andutterlyincapablef sustainindish or ahealthyaquatiemsystem.

A Persistent Organic Pollution: The river fails the BiochemicalOxygen
Demandstandardrecording4.2 mg/L againsthe O 3 .m@/L maximum.
(NoteWhilestilla failurethisisactuallg massivgogrontheextremetyxic40.0
mg/L and120.0mg/L BOD leveltheriverexperienastliem theyeabetween
Januamndrebruary).

A High Inorganic DissolvedLoads: TheTotal DissolvedSolid{ TDS)stand
at 732mg/L, comfortablyexceedinghe 500mg/L limit. This pointsto a
steadynflux of inorganigollutantsjndustriakeffluentspr heavilysatirated
runoff.

A Heavy Bacterial Contamination: Like all other rivers analysed it
catastrophicalfailsthestrict< 1 MPN/100mlI Total ColiformstandardThe
readingof 1,986 MPN/100ml showsheavylocalisedsewageand faecal
contaminationposingasignifcantpublichealthhazard.
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Vasishta

VasistaRiver WaterQuality & Deviations (December2024)

Stati. D.O BOD pH TDS .
on  (mgl*S | (mg/)*S | Level*(Sta (mg/L)*(s | . 0wl Coliform

_ _ _ . | (MPN/100ml) *(S
Nam tandard: | tandard: ndard:6.5| tandard: tandard: < 1)*
e O5.0 03.0 8.5)* 0500 '
Thul 6.5 oy 7.92 388
ukan | *(Within | 24 VIIN Gy vinin | xwithin | 1300 (Exceeddy

S limits) I I 1299)

ur limits) limits) limits)

Key Observationsfor the VasistaRiver

A PersistentBacterial Contamination: Despitethe massivémprovements
in oxygermandchemicamakeuptheriverstill failedthe ultrastrict Total
Coliformstandard< 1 MPN/100ml),recordingl,300MPN/100ml.
Howeverjt isworth notingthatthisis stillamonumentalmprovement
overtheagonishingl7,000MPN/100ml Total Cdiform counttheriver

experiencedackin January.
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Sarabanga

The SarabangRiverexperienced severdackof waterfor almostthe entireyear
of 2024 .Accordingto the recordeddata,the monitoringstationrecordeda "No
Flow" statusfor elevenconsecutivemonths, stretchingrom Februarghrough
Decembef024.

Thereforethetablebelowreflectdhe datafrom January2024 whichwastheonly
monththeriverhadmeasurablgowingwater.

D.O
(mg/ BOD pH DS Total Coliform
Station | L)*(St | (mg/L)*(S | Level*(Sta (mg/L)*(Sta (MPN/100ml)*
Name andar | tandard: | ndard:6.5 d gd'OS 0 (Standard:<
d: O3. 0] 8p5y ndad 1)*
05.
NIL
*(Falls 80.0 7.90 1296
Edapadi | short *(Exceeds *(Within | *(Excesdsby 333*(5;(;)%6(15
by | by77.0)* limits)* 796)* y
5.0)*

Key Observationsfor the SarabangaRiver

A Chronic Lack of Flow: Asmentionedtheriverwaseffectivelyryor entirely
stagnanfrom FebruarythroughDecemberThis severdackof continuous
flow drasticallgiminishetheriver'sabilityto dilutepollutantsor seltpurify,
directlycontributingo thedisastrous/aterqualityseerwhenwaternsactually
present.

A Total Oxygen Depletion: Duringits only activemonth,theriver recorded
"NIL" DissolvedOxygenThisabsoluteabsencef oxygemmeanghe water
Is entirelyanoxicand biologically'dead,"incapableof supportingfish or
normalaquatiecology.

A Massive Organic Overload: The BiochemicalOxygenDemand(BOD)

levelis catastrophidWhile the maximumacceptablémit is 3.0mg/L, the
Sarabangaecordeda staggering30.0 mg/L. This indicatesa massive,
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concentratednflux of raw sewagendustrialeffluent,or decayingrganic
matter.

Extreme Dissolved Pollutants: The Total DissolvedSolids(TDS) were
recordedat 1,296 mg/L, more than double the acceptablésO0 mg/L
thresholdBecauséheriverrarelyflows,thesenorganicsaltsandpollutants
likelyaccumulatbeavilyin theriverbed.

Bacterial Contamination: The river failed the Total Coliform standard,
registang 330 MPN/100ml. While this is a failure againstthe < 1
MPN/100ml standardit is actualljowerthanthe bacteriakurgesseenin
major urbanriverslike the Coovumor Adyar,suggestinghe Sarabanga's
primary issueis concentratecchemical/organisludge rather than sheer
volumeof freshfaecalvaste.
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Vennar

The VennarRiverexperienced prolongeddry spellfor the vastmajorityof the
yearAccordingo therecordedlataboth monitoringstation®ontheriverrecorded
an absolute"No Flow" status for nine consecutive months, from January
through Septembe2024.Waterqualitycould only be measurediuringthe final
quarterof theyearn(Octoberto December).

VennarRiver WaterQuality & Deviations (December2024)

Statio D.O BOD pH DS Total Coliform
n (mg/L)*( | (mg/L)*(S | Level*(Sta (mg/L)*(S (MPN/100mI)*(S
Nam | Standard: tandard: 'ndard:6.5| tandard: tandard: < 1)*
e O5. 0 03.0 8.5)* 0500 '
Than 7.6 1.42 7.85 292 .

javur | *(Within | *(Within | *(Within | *(Within | 22 (E:g)ied*’y
U/s limits)* limits)* limits)* limits)*

Than 7.0 1.54 7.94 318 *

javur | *(Within | *(Within | *(Within | *(Within | =" (Efg)ie‘my
D/s limits)* limits)* limits)* limits)*

Key Observationsfor the VennarRiver

A SevereFlow Limitations: The most defining ecologicaffactor for the
VennarRiveris its lackof consistenyeafroundflow. Beingcompletehdry
for threequartersof the yearmeanst cannotsustaina permanenaquatic
ecosystenfunctioningmore asa seasonalunoff channebr monsoonrfed
streanduring2024.

A Minor Bacterial Contamination: Like all riversin the state the Vennar
failedthe ultrastrict Total Coliformstandaraf < 1 MPN/100ml.However,
its bacteriatountsareexceptionalliow (17to 49MPN/100ml)comparedo
otherrivers showingonlyverymild contaminatiomatherthanthe heavyraw
sewagéadsseerin heavilyurbaniseavaterways.
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Vaigai River WaterQuality & Deviations (December2024)
D.O BOD pH DS :

: . 8 " " Total Coliform
Station | (mg/L)*( | (mg/L)*( | Level*(St | (mg/L)*( (MPN/100ml)¥(
Name Standard:| Standard:| andard: | Standard: Standard:< 1)*

O5. 0 0O3.0 6585* 0500 '
Sholavan
7.1 <2.0 7.91 197
dnan, | within | %(Within | %(Within | *(Within | 70 (EXCeedDdy
Madurai e e . - 47)*
limits)* limits)* limits)* limits)*
U/s
Chakkud
i 0.4 2.1 6.56 223 49*(Exceeddy
’ .| *(Within | *(Within | *(Within | *(Within -
Madurai mits)* TR T . 48)
D/s imits) limits) limits) limits)

Key Observationsfor the Vaigai River

A Minor Bacterial Contamination: As is universallyseenacrosshe state's
riversin thisdatasethe Vaigaiailedthe ultrastrict Total Coliformstandard
of < 1 MPN/100ml. Howeverts bacteriatountswereremarkablyow (48
and49MPN/100ml)comparedo heavilyurbanizedvaterwayg.hissugyests
verymild contaminatiomatherthanthe influx of rawsewageseenin rivers
likethe Coovumor Adyar.
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Noyyal

Belowis the consolidatedvaterqualitydatasetor River Noyyal acrossts key
monitoringlocations:

River Noyyal Water Quality Monitoring Data (201@2020Averages)

Monsoa , | von-
... |Monitorin Monsoo  Status/
Parameter StandardLimit : n :
g Station A n Compliance
verage
Average
6.508.5 Elunuthim Exceedslimit
pH *(CPCBClasdB angalam | 8.56 8.60 | (AlkalineHot
& BIS)* (Erode) Spot)
Electrical 0 2250uS/cm Elunuthim .
Conductivity *(CPCBClas€| angalam 3§?§m0 Z’g?gr'ng( fggiggﬁ'gf,
(EC) Limit)* (Erode) M H Y,
BIEETEEL O3.0mg/L  Elunuthim Exceedslimit
Oxygen A hi | 9.36 6.29 :
Demand (Ba(t;I mdg* anEga gm mg/L | mglL (HeaLtvgb(;ganl(
(BOD) Standard) (Erode) oad)
Total Mpgliggml Alandura | 46:425 94,750 Exceedslimit
Coliforms . . : MPN/1 MPN/10 (Massive
(TC) (Bathing | (Coimbato ooml Ooml Contaminatio
Standard)*
0500 . .
Total MPN/100ml Elunuthim | 206,200 137,565 Exceeds/imit
Coliforms *(Bathing angalam MPN/1 MPN/10 | (Extrem8ewa
(TC) Standard)* (Erode) | 00Oml Ooml Load)
Fluoride . I _
: SafeLimits .| Within | Within :
Sglr%?]ate& (BIS/ CPCB) All Station Limits | Limits Compliant

Key ParameterWise Observationsfor River Noyyal

A ExcessiveAlkalinity (pH Breach): At the Elunuthimangalam stationin
Erode,theaverageH valuereache8.56in the monsoonand8.60in the
non-monsoonseason breachinghe permissibl&.58.5range54%of all
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A

tested water samplesat this site were recordedas hot-spot violations,
makingNoyyaloneof only two river sitesnationwideto exceedhe 8.5pH
thresholdduringnon-monsoorperiods.

SevereSalt& Chemical Concentration(High Electrical Conductivity):
The river displaysxceptionallyigh dissolvedmnineralconcentrationsAt
Elunuthimangalanthe averageElectrical Conductivityreached3,265.04
puS/cm during monsoonand2,840.9QuS/cm during non-monsoon Both
valuescomfortablyexceedCPCB'sClassE agriculturalipperthresholdof
2,250uS/cm aswellasBIS'sdesirabl@rinkinglimit of ~750 uS/cm.

ElevatedOrganic Pollution (BOD): BiochemicabxygerDemandBOD)
at Elunuthimangalaraverage®.36mg/L during the monsoonand6.29
mg/L during the non-monsoon morethan2to 3times the safeoutdoor
bathing limit of 3.0 mg/L . This confirms significant inputs of
biodegradablerganicmaterialand domestic/industriakffluentsinto the
stream.

Catastrophic Bacterial Contamination (Total Coliforms): Pathogenic
indicatorlevelsarecriticallyhighalongtheriver:

At Alandurai (Coimbatore), Total Coliform levels reach 46,425
MPN/100ml in monsoonand surgeto 94,750MPN/100ml in non

monsoon.

Downstreanat Elunuthimangalam (Erode), coliformcountsescalatto

206,200MPN/100ml in monsoon and137,565MPN/100ml in non-

monsoon Thesevaluesexceedhe 500 MPN/100ml outdoor bathing
thresholdoy up to 400times.

Compliant Chemical ParametersParametersuchasFluoride, Sulphate
Boron, andthe Sodium Adsorption Ratio (SAR) wereall found to be
within their respectiveCPCBand BIS permissibldimits throughoutboth
seasons.

DecadalComparison(2011vs. 2021CWC Reports)

Comparinghe CWC2011Hot-Spotsreportwith the 2021dataseshowsa mixed
trendfor RiverNoyyalat Elunuthimangalam:
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1. Electrical Conductivity (EC) i Improved but Still Hot-Spot: In 2011,
Elunuthimangalamecorded=C levelsof 5,910uS/cm (monsoon)and4,602
puS/cm (non-monsoon) By 2021 thesedroppedto 3,265uS/cm and2,841
uS/cm respectively While this representsa notable reduction in salt
concentratiorthe siteremaingategorizedsanactivehot-spot.

2. Biochemical OxygenDemand (BOD) i  Significant Deterioration: In the
2011assessmemtprn-monsoorBOD at Elunuthimangalanvas3.1mg/L . In
the2021report,BOD surgedo 9.36mg/L (monsoon)and6.29mg/L (non-
monsoon), causinghelocationto emergeasanewly designatedBOD hot-
spot.

RealTime WaterQuality Report: River Noyyal (TNPCB Data)

A realtimeassessmeat TamilNaduPollutionControlBoardmonitoringstations
alongtheRiver Noyyal revealseverecologicadtresshroughoutheriverstretch.
All threeactivestationd Mangalam Village Reach(Upstream), Kasipalayam
Bridge, and Orathapalayam Dam (Downstream)i demonstrate critical
depletionof DissolvedOxygen(DO), high BiochemicaDxygenDemand(BOD),
elevateChemicaDxygerDemandCOD),andhighelectricatonductivity.

ConsolidatedReal Time Monitoring Data
The tablebelowsummarisethe keywaterqualityparameteralongsidestandard

regulatorypoenchmarkgrescribedby the CentralPollutionControlBoard(CPCB)
for ClasB outdoorbathingandClas<E irrigationuses:

Noyyal &
Standard/ Noyyal 6 Noy_yal6 Orathapalaya |Status/
Mangalam Kasipalaya :
Parameter Benchmark ) m Complia
Limit Upstream m Bridge Downstream |nce
(19:00hrs) |(19:00nrs) (19:0Chrs)
Non-
6.50 8.5 L : L complian
oH (Cpcmlassﬁ_]_?(WIthln 8.67(Slight 6_.8_2(W|th|n { at
limit) Exceedancelimit) :
B) Kasipalay
am
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: . Fails
8')?502:16(]' %%gr%g‘scl.mmgm 3.27mg/L  1.69mg/L universal
(Dg? B) “(Critical) (Depleted) (Sevekeficit) yacross
all sites
Biochemic| - S
al Oxvaen 03.0mg/L universal
5 YO | CPCRClass7.50mg/L  6.10mg/L  7.55mg/L |y (2xd
emand
(BOD) B) 2.5x
fimit)
Chemical |Indicatmf Massive
Oxygen  noR 17.40mg/L  25.00mg/L |58.84mg/L  Downstre
Demand |biodegrada am Surge
(COD) load g
izl r<n95/(l)_0 (Idea Elevated
[S)'S.S’O'V‘Ed / <2000 |23270 140290 447 aGng/L lacross
olids mg/L mg/L
mg/L stretch
(TDS) (Max)
Electrical OSZ/’CZrﬁo 2 054.00 Exceeds
Conductivi * - Notreported2,412.44uS/cm|ClassE
(CPCEClassuS/cm
Total 11xSurge
SuspendecParticulate at
Solids Mattet_oad Semgll  pabngls et ramgil Downstre
(TSS) am Dam
135NTU Severe
. Turbidity
Turbidity (BIS 4.26NTU  346NTU  |44.1NTU Downstre
Ideal/Max) am

Key ParameterWise Analysis

A SevereOxygen Depletion (DO Anoxia Risk):

U None of the three monitoring locationsachievethe minimum 5.0
mg/L Dissolved Oxygen required to sustain healthy aquatic
ecosystemandpermitoutdoorbathing.
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U The upstreamreachat Mangalam Village (1.79mg/L) and the

downstreameachat OrathapalayamDam (1.69mg/L) sufferfrom
severeoxygendeficiency falling dangerouslygloseto fully anoxic
conditions.

A PersistentOrganic & Industrial Load (BOD & COD):

U

C

BOD Exceedances:All stationsbreachthe permissible8.0 mg/L
limit, recordingvaluesbetween6.10mg/L and 7.55mg/L . This
reflects a continuousinflux of biodegradablerganic waste and
inadequatelyeatednunicipal/industriagffluerts enteringhe stream.
COD Surge:ChemicaDxygenDemandncreasepgrogressivelgown
therivergradient risingfrom 17.40mg/L upstreanio 58.84mg/L
at Orathapalayam Dam. This significantjump pointsto a heavy
accumulatiomf non-biodegradablehemicatonstituentasthe river
flowsthroughindustriaklusters.

A High Salinity & DissolvedSolids(EC & TDS):

U

C«

Total DissolvedSolidsremainelevatedalongthe entire monitored
length(1,232.70ng/L to 1,447.46ng/L), exceedintheidealdrinking
baselin@f 500mg/L.

Electrical Conductivityat Orathapalayam Downstream reaches
2,412.44S/cm, breachin@€PCE$2,250uS/cm ClassE upperlimit
for agricultural irrigation and far exceedinghe ideal freshwater
thresholdof ~750uS/cm.

A Sediment& Particulate Accumulation (TSS& Turbidity):

U

C

Whileupstreanstationslisplayow suspendesolidg5.6@7.20mg/L)
andclearwater(3.4@4.26NTU), the OrathapalayamReservoiracts
asamajor settling basin.

Downstreanof thedam, TSSsurgesto 64.72mg/L andTurbidity
reaches44.13NTU , indicatingheavysiltation,suspendedludgepr
turbulencdrom reservoidischarges.

A pH Balance:

U

Mangalam (6.77)andOrathapalayam(6.82)remainsafelywvithinthe
neutralb.5098.5range
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U KasipalayamBridge (8.67)showsaslightalkalineshiftabovethe 8.5
upperbound,indicatingocalizedalkalineeffluentinputsor biological
activityin thatreach.

Alignment with Historical CWC Findings

Thesaealtimeobservationsloselymirror historicabdecadarendsdocumenteth
CentraWaterCommissiofCWC)nationalWwaterqualityreports:

A CWC historical data identified River Noyyal (particularly at
Elunuthimangalam in Erode) asachronicnationahot-spotfor elevated
pH (> 8.5), high electrical conductivity (> 2,250uS/cm), andelevated
BOD (> 3.0mg/L) .

A Therealtimereadingsonfirmthatdespiteegulatorynterventionstheriver
continuedo sufferfrom systemiorganicoverloadjnsufficientre-aeration,
andhighmineralalinityacrosghe Tiruppul®Erodecorridor.

Reference:

https://gyanganga.ai/admin//fileupload//Report%200n%20Water%20Quality%20Hot
Spots%20in%20Rivers%200f%20India,%202021 . pdf

https://tnpcb.gov.in/rtwgmstnpcb/
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Major Lakesof Tamil Nadu

Lake WaterQuality & Deviations (December2024)

D.O BOD pH TDS |
Name of | (mg/L)* | (mg/L)*( | Level*(Sta (mg/L)*( (I/IOFE""N'/S&')'IT?{)E}
Lake (Standar| Standard:| ndard: | Standard: Standard:< 1)*
d:05. | O03.0 6585* 0500 '
| 6.2 2.4 6.74 N
Kodaikan *(Within | *(Within | *(Within 74_*(W|t2|n 308*(Exce;edsby
al S S L limits) 307)
limits)* limits)* limits)*
Udhaga |4.5*(Falls 2.8 7.60 240 .
mandala | shortby = *(Within = *Within = *Within | (2 (E;‘g)ie‘my
m (Ooty) 0.5* limits)* limits)* limits)*
6.8 <2.0 6.85 164
Yercaud | *(Within | *(Within | *Within = *(Within 82*(E§‘f)ied*’y
limits)* limits)* limits)* limits)*
6.8 3.0 8.02 1120
\r:]eera”a *(Within | *(Within = *(Within | *(Exceeds 64*(Eé(§)26d9y
limits)* | limits)* | limits)* | by620)*
5.5 2.0 7.97 248
Poondi | *(Within | *Within = *Within | *(Within 24?2(5’1(;‘)35‘3'5
limits)* | limits)* limits)* limits)* y
5.8 6.4 7.83 262
Redhills  *(Within | *(Exceeds *Within  *(Within 24?2(5’1‘8;6‘15
limits)* | by3.4)* limits)* limits)* y
6.0 3.0 8.11 416
Porur  *(Within | *(Within = *(Within | *(Within 1283* {Egg;ieds
limits)* limits)* limits)* limits)* y
5.9 3.0 7.64 1672
pulicat | *(Within | *Within = *(Within | *(Exceeds 24?2(5’1‘;‘;6"5
limits)* | limits)* | limits)* | by1172)* y
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Key Observations

A UniversalBacterial PresenceJustikethestate'siversystemseverysingle
lakefailedthe strict Total Coliform standard< 1 MPN/100ml).However,
the severityariesmassivelpasedn location.The highaltitudehill station
lakes(Ooty, Yercaud Kodaikanalland the rural Veeanamlakerecorded
relativelyjow contaminatiorf64to 308 MPN/100ml).In starkcontrastthe
lakessituatedcloserto the Chennaimetropolitanzone (Poondi,Redhills,
Porur,andPulicathadbacteriatountsan thethousandper100mljndicating
muchhigherlevelsof sewagandurbanrunoff mixinginto thewater.

A A Single Anoxic Lake (Ooty): Almost all lakesmaintainechealthy Jife-
sustainindissolvedOxygenlevelsabove5.0mg/L. The notableexception
Is the Udhagamandalam(Ooty) Lake, whichfell shortat4.5mg/L. This
indicategcologicadtressjkelyfrom heavytourismandlocalisedommercial
activitydepletinghewater'soxygerreseres.

A High Organic Load in Redhills: While sevenout of the eight lakes
managetb keeptheir BiochemicaDxygenDemandBOD) ator belowthe
3.0mg/L thresholdRedhills Lake recordednunhealthgpikeof 6.4mg/L.
Thissuggesta sudderninflux of decayin@rganianatteror localisedewage
duringDecember.

A High DissolvedSolidsin Coastal/Lowland Lakes: Whilehill statiorlakes
feature exceptionallypure water with low Total Dissolved Solids
(Kodaikanal'ss a remarkablypure 74 mg/L), certainlowlandwaer bodies
strugglecheavily.VeeranamLake (1120mg/L) andPulicat Lake (1672
mg/L) vastlyexceedethe500mg/L standardPulicat'®iighTDSisnaturally
explainedyits statusasabrackislwatedlagoommixingwith coastaseawater,
while Veeranam'sxceedandékely pointsto accumulatedgriculturakalts
andsiltfrom its massiveatchmenarea.

Comparing River Quality
WaterQuality of Riversin Tamil Nadu (2024)
Basedon the datafrom CPCBon Quality of Rivers2024,Tamil Nadu'srivers

exhibita sharpcontrastbetweerhighly pollutedurban/industrialwaterwaysnd
relatively cleanerinland segments Standardacceptabldimits are Dissolved

[72




(o)
*L>

IDImGeIrh
IDIHHIGEITIDH

Oxygen (DO) O 5.0 mg/L , BOD O 3.0 mg/L , and Total Coliform < 500
MPN/100ml.

Belowis a consolidatetableshowingthe minimumandmaximunrangedor the
majorriversmonitoredin the state:

: Total
River Morlfiteo):in D(IJSxSOI\e/:?md BOD (mglL) ,, Coliform
Name rng yg 9 (MPN/100m
Locations (mg/L) )
Ekkattuthangal  0.3-5.8 4.0-52.0
Adyar Jaferkhanpet, *(Critically *(Massive 548- 8845
Kotturpuram Low)* Exceedance)*
AnnaNagar, 0.3-26.0 5.4-54.0
Coovum Arumbakkam,|  *(Mostly *(Massive | 1400- 18890
NapierBridge Anoxic)* Exceedance)*
Thirumani Salem(D/S of 0.3-5.8 4.2-120.0
muthar Saga Textile | *(Critically *(Massive | 470-17000
Dyeing) Low)* Exceedance)*
Thulukannuat 0.3-6.5 2.4-160.0
Vasista Salen{D/S of *(Critically *(Massive | 1300- 17000
Sagdnd.) Low)* Exceedance)*
Edapadat 0.3-5.2 6.3- 80.0
Sarabangal Salen(D/S of *(Critically *(Massive 330- 1986
TextileDyeing) Low)* Exceedance)*
Mettur, Trichy, 4.0-8.1 1.0-10.0
Cauvery Mayiladuthurail *(Healthyto *(Variesby 2-3100
Erode Stressed)* station)*
. . 45-7.5 1.7-2.9
Bhavani Bﬁgygr]]us%alér *(Mostly *(Within 17- 261
g Healthy)* Limits)*
: 1.0-2.3
Thanjavu(U/S 6.8- 8.8 N b _
vennar andD/S) | *(Healthy)* L(I\’r:]"lttZ')” LR
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: 1.0-70
. Madurai(U/S 4.0-7.1 .
Vaigai andD/S) *(Moderate)* (Moderate ) 17- 63
Exceedance)

Gujarat servesasanexcellentomparativeerto TamilNadu.Both stateshave
massiveopulationsandareamongthe mostheavilyindustrialise@ndurbanised
hubsin India.Yet,despitesharingsimilarpressuresf industriabndurbangrowth,
Gujarat maintains significantly better water quality acrossits major river
systemscomparedo TamilNadu.

Hereis adetaileccomparisorof theirriver qualitybasedn the 2024data:

The Stateof Tamil Nadu's Rivers(Widespreal Degradation)

As establishedh our conversatiomistoryandthe latestdata,Tamil Nadu'srivers
sufferfrom catastrophiecologicatollapseprimarilydrivenby uncheckedirban
sewageandindustriakffluent.

A

Dead Urban Rivers: FlowingthroughChennaithe Adyar and Coovum

riversarefunctionallyopensewersTheAdyarrecordsiearanoxicDissolved
OxygenDO) levelsof 0.3mg/L andmassivdiochemicaDxygenDemand
(BOD) spikesup to 52.0mg/L. The Coovum s similarlydead with DO at
0.3mg/L andBOD reaching4.0mg/L.

Toxic Industrial Inland Rivers: It is not justurbancentresinlandrivers
receivingtextile and sago industry effluents are completelytoxic. The
Thirumanimuthar hits an astronomicaBOD of 120.0mg/L, while the
Vasistareache460.0mg/L.

Stresson the Major Artery (Cauvery):Eventhe state'rimaryriver,the
Cauveryshowssignsof severdocalisedstresswith DO droppingto 4.0
mg/L andBOD spikingto 10.0mg/L atMayiladuthurai.
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The Stateof Gujarat's Rivers(Largely H ealthy Major Arteries)

Despiteits heavyindustrialzonesand largepopulation,Gujarathasmanagedo
keepits majorflowingriversremarkablgleanwith strongoxygerevelsandtightly
controlledorganiovaste.

A The Narmada River (Pristine Health): As it flows throughGujaratinto
the sea,the Narmadamaintainsexceptionalwater quality. Stationsat
GarudeshwaRanethaand Bharuchrecordhighly oxygenateavaterswith
DO ranging between6.6and 8.6 mg/L . Theorganigoollutionis virtually
non-existentwith BOD perfectly stableat an optimal 1.0to 1.1mg/L .

A The Tapi River: Similato theNarmadathe TapiRiversuccessfullsustains
aquatidife. At stationdike Kathore,MandaviandSuratthe DO remains
healthy between6.2and 8.1mg/L , whilethe BOD is keptwellwithin the
safe03.0mg/L limit, rangingrom 1.0to 2.8mg/L.

A The Mahi River: The Mahi Riveralsodisplaygobusthealth.Monitoring
points at Sevaliayasadandthe KadanaDam show pristineBOD levels
locked at 1.0mg/L , with DO leveldlourishingoetweery.0and8.4mg/L.

The Urban Exception in Gujarat: The Sabarmati

It isimportantto notethatGujaratis not entirelyflawlessWhileits majorstatewide
rivers (Narmada;Tapi, Mahi) arevastlysuperiorto Tamil Nadu'sequivalentst
strugglesvith onespecifiaurban waterwaymnuchlike Chennadoes.

The SabarmatiRiver is clearatits upstreanorigins(recording’.1mg/L DO and
1.0 mg/L BOD at Dharoi Dam). However,as it passeghrough the dense
metropolisof Ahmedabadit succumbgo severeurbanpollution. At the V.N.
Bridgein Ahmedabadhe river dropsto 0.3mg/L DO andrecordsa hazardous
BOD of 82.0mg/L.
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Ground Water

Groundwategualityparameterandtheirdeviationgor monitoringstationsacross
Tamil Nadu basedn the 2024NationalWaterMonitoring Programmé¢NWMP)
data.

To capturethe worstcasescenariofor the monitoring period, the maximum
recordedvaluesfor eachstationarepresentedelow.The acceptablstandards
appliedderivedrom theBISIS 10500:201RrinkingWaterSpecificationand our
previoussurfacewaterbaselinesire:pH (6.58.5),BOD ( (3.0 mg/L), Total
Dissolved Solids (TDS) (< 2000mg/L), Fluoride (< 1.5mg/L), and Total
Coliform (< 1 MPN/100ml).

Tamil Nadu GroundwaterQuality & Deviations (2024)

Station (m B/CB)E(S Total Coliform (m -5II_D)§(St (mFI;JL(;ii(dSia
Location / 9 darg. | (MPN/L00mIX(S gd B gd 4
District tandard: tandard: < 1)* andara: < hdarda: <
03. 0 ' 2000)* 1.5)*
Musiri 2.6*(Within| 317*(Exceed®y 788*(Within| 0.2*(Within
limits)* 316)* limits)* limits)*
Thirupuvana  , owithin| - 21%(Exceeddy | 780%(Within | . 0:.
m (Collector limits)* 20)* limits)* (Massive
Well) Exceedance)
Suriyampalay | 1.9*(Within| 37*(Exceed®y | 900*(Within| 0.2*(Within
am, Erode limits)* 36)* limits)* limits)*
Phoenix 1816
Textile 2.1*(Within| 34*(Exceed®y A Tebs 0.2*(Within
LNk . (Within TR
Processors, limits) 33) mits)* limits)
imits)
Erode
AnnaNagar, | , ot 3.6*(Exceedby *17.55 0.2*(Within
Tirunelveli Dok 2.6)* (Within-— = ity
by0.7)* ' limits)*
Naranammal | 3.2 | 4 gxEyceeddy | 914*(Within| 0.2*%(Within
puram, S 0.8)* imits)* | limits)*
Tirunelveli by0.2)* '
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(Al\jm;m 2. 7%(Within| 9.2*(Exceedéby *(sﬁf’hﬁn 0.2*(Within
limits)* 8.2)* N limits)*

Agragaram) limits)

Eral 2.7%(Within| 3.6*(Exceed®y 504*(Within| 0.2*(Within
limits)* 2.6)* limits)* limits)*

Alwarthirunag | 2.5*(Within| 6.8*(Exceed®y @ 428*(Within| 0.2*(Within

ari limits)* 5.8)* limits)* limits)*

Srivaikundam | 2.6*(Within
(BDO Office) limits)*

326*(Within| 0.2*(Within

2 *(Exceeddy 1)* limits)* limits)*

Srivaikundam 5 5 within | 5.5%(Exceeddy | 880%(Within| 0.2*(Within

(TNEB Sub N s . R AP
Station) limits) 4.5) limits) limits)
Mettur Dam 3.6 . AR febn PR
(Paramasivam *(Exceeds = (E?i(?C)iedby gzﬁnsx\é')tf " O'Afl?m(i\t/\s/ ;ihm
WS) by 0.6)*

Erikkadu, 2.4*(Within| 37*(Exceed®y @ 784*(Within| 0.21*(Within
Mettur limits)* 36)* limits)* limits)*
SakthiNagar, | 2.7*(Within| 34*(Exceeddy *(\}\%tzhoin 0.66*(Within
Mettur limits)* 33)* limits)* limits)*

Kombupallam
2.3*(Within| 42*(Exceed®y | 218*(Within| 0.2*(Within

éathyamangal limits)* 41)* limits)* limits)*
am

Ariyappampal

ayam, 1.8*(Within| 52*(Exceed®y | 220*(Within| 0.2*(Within
Sathyamangal limits)* 51)* limits)* limits)*
am

Thalavaipettai| 1.9*(Within| 43*(Exceed®y | 288*(Within| 0.2*(Within
, Bhavani limits)* 42)* limits)* limits)*
Pasupathy 5 o«within | 6.1%(Exceeddy | 764*Within| 0.2*(Within
Pudur, -\ LN -\

o limits)* 5.1)* limits)* limits)*
Dindigul
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Vanniarvalasu
, Dindigul

2.3*(Within
limits)*

0.2*(Within
limits)*

8.1*(Exceeddy | 768*(Within
7.1)* limits)*

(Sourd@ataNWMP-2024GroundwatdonitoringataforTamilNadu)
Key Observationsfor Tamil Nadu's Groundwater

Comparedo the catastrophidegradatioseenn TamilNadu'ssurfaceivers(like
the Adyar and Coovum), the groundwaterprofile is remarkaly different,
showcasingoth positiveresiliencandafew severdocali@dhazards:

A MassiveFluoride Contamination in Thirupuvanam: The mostalarming
anomalyin the entire state'sgroundwaterdatais the Collector Well at
ThirupuvanamWhilethe safelimit for Fluorideis < 1.5mg/L, this station
recordedanextremel6.0mg/L . Prolongecconsumptiorof waterwith this
levelof fluoridecauseseverekeletahnddentalfluorosis.

A Low Organic WastelLoad: Unlikethe state'surbanrivers,whichsuffered
from astronomicaBiochemicaDxygenDemand(BOD) levelsup to 160.0
mg/L, thegroundwateis highlyshieldedrom raworganicludgeAlmostall
stationssuccessfullkept BOD underthe 3.0 mg/L threshold,with only
minorexceedances Tirunelvel(3.7mg/L) andMetturDam (3.6mg/L).

A TDS is Kept in Check: Evenin heavytextileprocessingreadike Erode,
the Total DissolvedSolids(inorganicsaltsand mineralsimanagedo stay
beneaththe 2000 mg/L drinking water maximum limit. The highest
concentrationwas 1838 mg/L at Mukkani Agragaramyhile many rural
stationdikethosein Sathyamangalgmssessdughlypurewaterwith TDS
levelsnearlyaslow as200mg/L.

A WidespreadMild Bacterial Presence:Similarto the surfacewater,the
groundwatefails the strict< 1 MPN/100ml standardor Total Coliform
universallyHowever,the severityis drasticallyeduced While Chennai's
riverssurgednto thetensof thousand$or bacteriatountsthegroundweer
stationsgenerallyeportlow doubledigits, peakingat 317 MPN/100ml at
Musiri.
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Basedon the 2024 National Water Monitoring Programme(NWMP) data, a
comprehensivgroundwategualitycomparisorbetweenlamil Nadu, Gujarat,
Uttar Pradesh Andhra Pradesh andKarnataka

(Notein theprovidedhtasekarnataka onlyhasa singlactivelynonitoregtoundwater
statiohstedsatsdataeflectbatspecifiecalisstteaathethara statewidetwork).

Multi -StateGroundwaterQuality Comparison(Maximum Rangesfor 2024)

BOD Total Coliform TDS Fluoride
*
State (mg/L)*(Stan &MPN/lOOml) (Mg/L) (.Sta (mg/L)*(Stan
dard- 03 . @ (Standard: < ndard: < dard: < 1.5)*
' ' 1)* 2000)* ' '
Tamil 3.7 317 1,838 16.0
Nadu
Gujarat 38.8 350 44.830 14.8
Uttar
Pradesh 5.6 2,600 2,070 0.88
Andhra
Pradesh 3.8 39 7,932 1.32
Karnataka
(1 Station)* 2.4 540 128 0.30

Key Deductions: Tamil Nadu vs. The Other States

1. Tamil Nadu vs. Gujarat (Catastrophic Industrial Salinity): While Tamil
Nadu struggleswith a massivelocalisedfluoride spike (16.0 mg/L at
ThirupuvanamGujaratis astronomicaly worseacrossalmosteveryother
metric due to uncheckedindustrial pollution.

A Seawatetlevel Salinity: Gujarat'stextile and industrialbelts have utterly
destroyedocalaquifersAt Balotra,Barmer(CETP Khed Road)the Total
DissolvedSolidshit a staggering4,830mg/L . For context,oceanwateris
typicallyaround 35,000mg/L, meaningthis groundwatelis highly toxic
chemicabrine.TamilNaducompletelyavoidedhis,keepingts highesTDS
atasafel,838mg/L.
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A MassiveOrganic Sludge:At theRIICO LeatheiComplexn JaipurGujarat
recordeca BiochemicaDxygenDemand(BOD) of 38.8mg/L , indicating
heavyaworganicludgen thegroundwateryherea3N's highesBOD was
just3.7mg/L.

A WidespreadFluoride: Gujaratalsosuffersfrom severefluoride toxicity,
hitting 14.8mg/L atNandwan,Jodhpur.

2. Tamil Nadu vs. Uttar Pradesh(Bacterial & Surfacelnfiltration) : Uttar
Pradeshpresentsa different pollution profile than Tamil Nadu, primarily
strugglingvith surfacesewagéakingnto its aquifers.

A Bacterial Contamination: TN& groundwateiis relativelyshieldedfrom
faecalbacteria peakingat 317 MPN/100ml. UP's aquifersshow severe
vulnerabilitywith total coliformcountssurgingo 2,600MPN/100ml in the
UnnaolndustrialArea.

A ArsenicPresenceWhileTN andthe otherstatesuccessfullgvoidarsenic,
UP showsminor localisedracesyecording0.053mg/L nearMoradabad,
whichslightlybreachethe< 0.05mg/L safetythreshold.

3. Tamil Nadu vs. Andhra Pradesh(High TDS but Low Bacteria). Andhra
Pradeshrepresentamiddleground.lt is heavilypollutedwith inorganicsalts
but exceptionallglearregardingrganiovaste.

A Heavy Salinity/TDS: Unlike TN, which successfullyregulatesits
groundwatedissolvedolids AP failsthis standardnassivelyA borewellat
Nakkapallrecordech TDS of 7,932ng/L , makinghewaterhighlybrackish
andunsafdor consumptioror agricultureMultipleotherstationsacrosAP
hoverbetweer8,000and5,000mg/L.

A Excellent Biological Shielding: Despite the high salt content, AP's
groundwateiis beautifullyprotectedfrom surfacesewagelts maximum
recorded Total Coliform acrossthe state was an incredibly low 39
MPN/100mlatEtcherlaandits BOD barelyexceedethelimit at3.8mg/L.
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4. Tamil Nadu vs. Karnataka(A Localised View): Thedatasebnlyprovides
onemonitoringstationfor Karnatakalocatednearthe MangalijyothSchool
MunicipalSolidWastgMSW)sitein Vammanjoor.

A Becausi isnextto agarbagdump,it exhibitshighetbacteriatontamination
thanTN's statewidenaximumyecordingp40MPN/100ml .

A Howeverchemicallythe waterremaingristine. The TDS is incrediblylow
(like rainwaterat just 128 mg/L, BOD is perfectlysafeat 2.4 mg/L, and
Fluorideisaharmles$.3mg/L.
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Lake & Tank WaterQuality (2024Ranges)
Faecal
Dissolved O2 BOD Conducti | Colifo | Total
Monitoring (mg/L)*(Stan | (MI/L*C 1 vity rm | Coliform
Location da%‘d'OS CSt\andard: (umho/c | (MPN | (MPN/10
' ' 03. 0 m) /100m Ooml)
1)

Kodai Kanal 62-7.6  1.8-2.4 83-116 | 2-15 2-308
Lake
Udhagamadale | g, g | 55.29 | 23-948 14-35 39-77
m (Ooty) Lake
YercaudLake, 4.5-8.7 1.0-3.9 | 243-474/11-65 24-140
Salem
veeranamlake, g5 g9 5580 520-171220-59 39-91
Cuddalore
Peangilele 52-6.6  2.0-4.0 382-758 2-517 2-2420
Thiruvallur
Red Hils, 52-65 | 2.0-3.0  292-646|2-491 2-2420
Thiruvallur
Porur Lake, 5.1-6.4 | 2.0-3.0 |481-1092 2- 727 20- 2420
Thiruvallur
Pulicate Lake, 2638
Thiruvallor 5.1- 6.8 2.0-40  glogo 2-772 2-2420
OverHead
Tank atTirur 5.4-6.6 | 2.0-3.0 |472-15562-344 2-2420
Village,
Thiruvallur

* BISregulatesnductivittyougifotal/ Dissolved Solids (TDS), becaus®reninerals
meanhigherconductivityadeal/ Drinking Limit: conductivitgf roughly 750

us/em.Maximum Permissible Limit: 3,000uS/cm (onhyallowed noothewater
Souraxists).
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Key Observationsfor Tamil Nadu Lakes& Tanks (2024)

A Conductivity and Salinity Divides (The Pulicate Outlier): The
concentratiof dissolvedanineralsandsaltsvarieamassivelipy geography.

U Exceptionally Pure Freshwaters:High-altitudelakesareincredibly
pure.Kodai Kanal Lake boaststhe lowestconductivityin the state,
rangingbetweena pristine 83 and 116 umho/cm. Redd Hills and
Yercaud_akealsosafelymaintaineddealmineralprofileswell below
the 750umho/cm threshold.

C

Moderate Mineral Concentration: WaterbodiedikeVeerananhake
(52®1,712 ymho/cm) and the Tirur Village Tank (4721,556
umho/cm) breachedhe ideal750umho/cm limit but remainedafely
belowthe 3,000umho/cm maximunpermissibléazardhreshold.

C

The Brackish Outlier: Pulicatd_akeisanextremenomalysecording
a massiveconductivity range starting at 2,638 and surgingto a

staggering6,840umho/cm. BecausePulicateis a coastallagoon
mixingwith seawatethisextremenainesalinitymakest entirelyunfit

for drinkingor standaragriculture.

A Highly Oxygenated Ecosystems:Unlike heavilypollutedurbanriversin
the state, Tamil Nadu's standing water bodies demonstrateexcellent
ecologicaresiliencaegardingoxygen.Every monitoredlake successfully
maintainedhealthyDissolvedOxygernevelsomfortablyabovehe5.0mg/L
survivalthresholdwith only Yercaud_akeexperiencing minor temporary
dipto 4.5mg/L.

A Organic Pollution (BOD) is Mostly Controlled: Most lakesmanagedo
keeptheir organicwasteloads(BOD) at or belowthe 3.0mg/L limit. The
mostnotableexceptions Veerananhakein Cuddalorewhichexperienced
significantsurgein organicpollution, peakingat 8.0 mg/L. Poondi and
Pulicatdakesalsosawminor exceedancep to 4.0mg/L.

A Distinct Regional Bacterial Contamination: The datarevealsa stark
contrasin bacteriapresencéasedn urbaniation.
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CleanHill Stations:High-altituddakedikeOoty (maxTotalColiform
77 MPN/100ml) and Kodai Kanal (max 308 MPN/100ml) remain
biologicallyeryclean.

Urban Runoff in Thiruvallur: In contrast,everysinglemonitored
waterbody situatedin the Thiruvallurdistrict (Poondi,ReddHills,
Porur,Pulicateandthe Tirur VillageTank)uniformlyhit apeakTotal
Coliform count of exactly 2,420 MPN/100ml during the year,
accompaniedy FaecalColiform peaksrangingfrom 344 to 772
MPN/100ml. This indicatesnoderatewidespreadirbansewagend
surfaceunoff into thedistrict'sreservoirs.
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Canalsquality (2024)
Reporton the Quality of Canalsin Tamil Nadu (2024)
Basedon the 2024 National Water Monitoring ProgrammgNWMP) data,the
canalsn TamilNadui specificallghe ChennaWaterways continueto exhibita

stateof severeecologickcollapse.

Belowis the 2024waterqualitydatafor TamilNadu'smonitoredcanals:

Dissolved BOD Total Conductivity
Monitoring Oxygen (mg/L)*(St = Coliform | (uS/cm)*(Ideal:
Location (mg/L)*(Stan andard: | (MPN/10 O750,Max:
dard:05. 0 03. 0 oml) O3000)
Captain 0.3-1.8 *%Ia;égi?le L 700 802- 2,340
Cotton Canal| *(Critically Exceedance 1’1 538 *(Exceedsdeal,
(Erukanjeri) | Low/Anoxic)* . ’ BelowMax)*
Buckingham | 0.3-0.3 *%ﬁ;égifle > 600 1,481 2,310
Canal(lce *(Completely Exceedance 1’7 320 *(Exceedsdeal,
House) Anoxic)* . ’ BelowMax)*

Key Observationsfor Tamil Nadu:

A Failed Ideal Conductivity: The canaldail to meetthe idealdrinkingwater
conductivitylimit of 750 uS/cm, recordingrangesfrom 802 up to 2,340
uS/cm. While they techncally stay beneaththe absolute3,000 uS/cm
maximunpermissibléazardimit, thisis largelyirrelevansincethe wateris
too toxicfrom sewagéo beutilised

A Total Oxygen Depletion: The canals are functionally dead. The

BuckinghanCanalrecordeda constantflat DissolvedOxygenlevelof 0.3
mg/L throughoutts monitoringmeaningt is entirelyanoxicandincapable
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of supportingaquaticlife. The CaptainCotton Canalbarelyfluctuated,
reaching@amaximunof only1.8mg/L.

Extreme Organic Sludge: The BiochemicalDxygenDemand(BOD) is

astronomicallyigh. While the safelimit is 3.0 mg/L, the CaptainCotton
Canaburgedipto 120mg/L, andtheBuckinghanCanaleache@nextreme
141mg/L. Thisindicatea massivanflux of raw,decomposingewage.

Bacterial Contamination: Both canalsexhibitseverebacterialoads,with

TotalColiformcountsreachind 1,588VPN/100mlin CaptairCottonCanal
and17,32GMPN/100mlin Buckinghan€anal.

Comparisonwith CanalWaterQuality in Gujarat(2024)

Gujarat maintans exceptionallpristinecanalnetworksin 2024 standingn stark
contrasto the heavilydegradedrbancanal®f TamilNadu.

Belowis the 2024waterqualitydatafor Gujarat'snajorcanals:

DC')S:Ohé?ld BOD Total Conductivity
Monitoring (m /L%g(s,[a (mg/L)*(S | Coliform | (uS/cm)*(Idea
Location e | tandard: (MPN/10 I: O750,Max

65 . 0) O3. 0| O0Oml 03000

Narmada Main 6.0-75 1-1 265-514
Canal(Limbadia, *(Healtﬁ ) *(Pristine, 2-12 *(Perfectly
Gandhinagar) y Baseline)* |deal)*
Narmada Main 79.78 1-1 231- 342
Canal (Motikantadi, *(H.ealtf.l ) *(Pristine | 9-26 *(Perfectly
Godhra) y Baseline)* ldeal)*
Tapi Canal 6.9-85 1-1 360- 500
(Umarwada, *(I—iealtﬁ ) *(Pristine . 20-110 *(Perfectly
Bharuch) y Baseline)* |deal)*
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Key Deductions and Contrasts:

1.Perfectlyldeal Mineral Profiles (Conductivity): By applyinghe conductivity
standardsGujarat'scanalsprove to be exceptionalfreshwaterarteries.The

NarmadaandTapicanalsnaintainconductivitywell beneaththe ideal750uS/cm

limit, rangingoetweenust231and514uS/cm.In contrastTamilNadu'scanaldar

exceedthis ideal limit (rangingfrom 802 to 2,340uS/cm) due to the heavy
concentratiomf dissolvegollutantsandurbanrunoft.

2. 0Open Sewersvs. FreshwaterTransport: TamilNadu® canalslocateddirectly
withintheChennametropolisarereceivingnassiveolumef untreatedlomestic
sewageevidencedoy BOD levelsreachingl41l mg/L. ConverselyGujaras
Narmadaand Tapi canalssuccessfulliplock almostall organicwaste recording
absolutdaselinOD levelsof 1.0mg/L continuoushacrossllstations.

3. Biological Shielding: While Tamil Nadu® canalssuffer from high bacterial

contaminatioupto 17,32MPN/100ml),Gujarafs canalsemairhighlypure The
NarmadavainCanalecordsl otal Coliformcountsaslowas2 to 26 MPN/100ml.

4. Ecological Health (DO): Gujarat'sheavy,continuousflow of fresh water
naturallyaeratests canalssustainingexcellenDissolvedOxygenlevelsranging
from 6.0up to 8.5mg/L. Tamil Nadu'sheavilysludgeburdenedstagnantanals
havehadall of theiroxygerstrippedawayby decomposingrganianatter flatlining
at0.3mg/L.

Drains and STPs

Quality valuesfor Drains and Sewagd reatmentPlants(STPs)in Tamil Nadu
during2024.

This versionevaluateall key parameters againststandardacceptabldimits:
Dissolved Oxygen (DO) ( &.0mg/L), pH (6.58.5),Conductivity (Maximum
permissibldimit of O 3,000pumho/cm), BOD ( (3.0 mg/L), Nitrate ( @5.0
mg/L), andTotal Coliform (Surfacestandaraf < 500MPN/100ml).
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Maximum WaterQuality Values& Limit Evaluationsfor Tamil Nadu

(2024)
Nitrat
Max . eN+N Total
: Conducti, BOD | .. :
Monitoring Water Dlssc,)ozlved vity (,[n gL I(J[r?ltgellltl %I\?I!flg;rln
Location Body (mg/L)*(S (Hmho/c | )*(Stan )*(Sta | 00mI)*(St
=~ m)*(Idea | dard: O _ _
tandard: O : O750)% 3.0)* ndard: | andard:
5.0)* ' ' O < 500)*
45.0)*
Chennai
1.2 2450 57.0 14.77
X\t/%t;r;\llr?ys Drain *(Exceeds *(Exceeds *(Excee *(Withi *(éi’geseow
Nullah limit/Fails) | limit/Fails|  ds n limit)* )
(Origin) * )* limit)* | limit)*
Chennai
Waterways 1.3 1979 63.0  9.59 14210
at Otteri Drai *(Exceeds *(Exceeds *(Excee *(Withi |, "
rain | e Ay (Exceeds
Nullah limit/Fails) | limit/Fails,  ds n limit)*
(Kilpauk * )* limit)* | limit)*
Garden)
Chennai
Waterways
at 1.3 1908 40.0 8.67 15.420
Buckingha Drain *(Exceeds *(Exceeds *(Excee *(Withi *(Ex’cee ds
m Canal X limit/Fails) | limit/Fails,  ds n limit)* )
Otteri * )* limit)* | limit)*
Nullah
Confluence
Chennai
Waterways 0.3 2020 49.0 54.02 13.280
at Drain *(Exceeds *(Exceeds *(Excee *(Exce *(Ex’cee ds
Mambalam limit/Fails) | limit/Fails|  ds eds limit)* ]
Drain (Golf * )* limit)* | limit)*
Course)
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Chennat2 *(ng(():ee 1,414
Perungadi STP - - ds - *(Exceed:
(Zone-V) limit)* limit)*
1139 11.0 5.35
6.0 . . 7,701
! AN foerms (Exceeds *(Excee *(Withi | . )
Erode-2 STP l(i\’n\ﬁ'itt;‘,{” imiFails  ds | n (:izr’;?t‘;fd‘
)* limit)* | limit)*
0.3 1778 68.0 1.92 9 300
*(Exceeds *(Exceeds *(Excee *(Withi |, . )
SEIRLE STPlimitFails) limiyFails ds  n (Er’;?t‘)efd‘
* )* limit)* | limit)*
3.9 736 14.0 0.62 23700
Mayiladuth STP *(Exceeds *(Within | *(Excee *(Withi *(Ex’cee ds
urai limit/Fails)  ideal ds n AR
limit)
* limit)* | limit)* | limit)*
1339 44.0 | 9.00 8100
. ] *(Exceeds *(Excee *(Withi |, . )
UnErErr | S imiFails  ds | n (:izrﬁfgfd‘
)* limit)* | limit)*
1073 28.0
3,200
: , *(Exceeds *(Excee Py )
Tirunelveli STP - imit/Eails,  ds - (:iEr>r(]ci:§*ed\
)* limit)*
1790 15.0 159
5.9 . oy 365
: NP (Exceeds *(Excee *(Withi| , . r:
Madurai STP fi\/r\:itt;]’:n imit/Eails  ds N fivr\:ii?ln
)* limit)* | limit)*

(Sourcédyphenadicatiatthespecifiarameteasithenotmeasuredhotreportext
thatlocatiotNote A maximur®O belows.0mg/L mearnthewatebodyailsto meehe
minimuroxygenrequiremextalltimes).
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Key Observationson Overall Quality Compliance

A

Universal Failure of Organic Waste(BOD): Not a single drain or STP
in the entire state of Tamil Nadu successfullymet the O 3.0 mg/L
standard for Biochemical Oxygen Demand. Even the bestperforming
STPs (like Chennalk Perungadiand Madurai) exceededhe limit by
dischargingvaterwith BODs of 5.0and15.0mg/L, respectivelyi heKarur
STPandOtteri Nullandraincompletelyfailed,dischargingxtremeorganic
sludgaup to 68.0mg/L.

WidespreadBacterial Toxicity: With the singleexceptiorof the Madurai
STP(whichsuccessfullgeptits total coliform countto 365MPN/100ml),
everyother monitored location massivelyfailed the bacterial standards
Locationslike MayiladuthuraSTP hit extremecoliform countsof 23,700
MPN/100ml.

Widespread Anoxia: Most urban drains in Chennai (Otteri Nullah,

BuckinghanCanal,Mambalampnd severalSTPs(Karur, Mayiladuthurai)
failed to produce the minimum 5.0 mg/L of Dissolved Oxygen

necessaryto sustain aquatic life, with manyflatliningcompletelyat 0.3

mg/L.

Comparisonwith the BestPerforming State:Uttar Pradesh

A

Exceptional Oxygenation: The Water Works treatment facility in
Ghaziabad swccessfully outputs perfectly treated water, recording
exceptionallhighandhealthyDissolvedOxygenlevelsrangingrom 8.5to
11.5mg/L .

Absolute Purity: The UP plantcompletelyeliminate®rganicandbacterial
pollution,maintainin@pristine absolutdaselin®&OD of exacthyl.0Omg/L
anda nearzeroTotal Coliform countof just2 MPN/100ml continuously.
The water'sconductivityis also incrediblylow (168 to 196 umho/cm),
showingexcellentontroloverdissolvedolids.

Key Deduction Whileit is naurallyexpectedhat a WaterTreatmenflant(UP)
designedor freshwatemwill outputcleanewaterthanrawurbandrainsor standard
STPs(TN), the datashowsthat Tamil Nadu's engineeredsewagetreatment
facilities are fundamentally failing to restorewater to acceptableecological

[9




limits, frequentlydischargingnoxicandhighlytoxic organicsludgethat standsn
starkcontrasto theperfectlyreatedvaterstandardachievethythefacilityin Uttar
Pradesh.
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A Comparative CaseStudy of Telanganas Mission Kakatiyaand
Shenzher® Maozhou River

Telangana® Mission Kakatiya: Rejuvenating Decentralised Agrarian
Hydrology

Origins and Historical Destabilisation of the Tank CascadeSystem

The semiarid DeccanPlateawf Telangandistoricallyreliedon a decentralised
networkof minorirrigationtankgcheruviikstablisheduringtheKakatiyadDynasty
betweerthe 12thandl4thcenturies.

Recognisinghe uniquehydrologyof this arid landscapehe Kakatiyagpromoted
the constructiorof thousand®f interconnectethnksusinglocalstone Jime,and
mud. Thesetanksweredesigneadvith integratedluicegatesfeederchannelsand
overflow structuresto capture unevenmonsoon precipitation,rechargelocal
aquifersandpreventdownstreanfiooding.

Thisdecentralisedatersystensupportedagrariarstabilityandvillagesettiements
for centuriesa legacycontinuedby subsequentlersincludingthe Qutubshabhis,
AsafjahigNizams)andBritishreralocalauthorities.

During the late 20th century,stateled irrigation policiesshifted focus toward
centralisedanahetworksandmajorrivervalleyprojectsleavinglecentraliseténk
systemdo decay.landusechangessiltation,and the encroachmenof feeder
channelgerodedhewaterretentioncapacityf thesesystems.

Thisphysicatleclinepairedwith highlysubsidisedr freeelectricityledfarmerdo
rely heavilyon deepborewells.This rapid shift from surfaceto deepaquifer
pumping causedregionalwater tablesto drop sharplyand triggereda severe
hydrochemicatrisis:the mobilisationof geogenidluoride from the underlying
crystallinebedrockinto the rural drinking water supply, causingwidespread
fluorosis.

ProceduralFrameworkand Engineering Interventions

To addresghis ecologicabnd agrariandecline,the Governmentof Telangana
launchedMissionKakatiygManaDord ManaCheruymeaningOur Villaged Our

N . [92
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Tank")in March2015.The programsoughtto restoreall 46,53 lidentifiedminor
irrigationsourcescrossthe state.

The planaimedto restoreapproximatel0%of the tanks(9,306reservoirsgach
yearoverafive-yearmeriod.lt focusedn five primaryengineerinqterventions

1. Silt Removaland Land Application: Removingaccumulatesiilt from tank
bedsto restoretheir originalwaterretentioncapacityand distributingthis
nutrientrich sedimenonto surroundinggriculturafields.

2. Feeder Channel Restoration:Clearing obstructions and illegal
encroachmentdom the feederchannelghat link the cascadenetworks,
ensuringinimpededjravityinflows.

3. Bund and Structural Repair: Reconstructingand compactingearthen
embankmentgbunds)to prevent breachesand repairingworn stone
masonryeirsandsluicegates.

4. Distributary Channel Re-sectioning: Clearing,shaping,and repairing
downstreansanalso optimisegravityledwaterdistributionto thecommand
aregayacyt

5. Full Tank Level (FTL) Adjustments:Raising the FTL where
hydrologicallyiableto optimiselocalisedvaterstorage.

::Errlggénentatlon Target Completed | Expended Sf;gti?d

Tanks Works Capital (Cr) (Acres)

Phasel 8,043 8,003 1,568.40 6.71Lakhs

Phasell 9,015 7,060 1,152.20 3.60Lakhs

Phaselll 6,152 1,521 224.57 1.10Lakhs

PhaselV 4,108 Grounding | UnderProcess UnderProcess

Total 27,318 16,584 2,945.17 11.41 akhs
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6. Initial financingwassecuredhroughloansfrom NABARD underthe Rural
InfrastructureDevelopmentund (RIDF). NABARD sanctioned 360.00crores
for 1,621worksin TrancheXX and 317.0%roredor 1,%2worksunderTranche
XXI, helpingto fund the earlyphase®f the project.

Environmental, Agricultural, and Hydrochemical Rejuvenation

An extensivemultiyearthird-party impactassessmembnductedoy NABARD
ConsultancgerviceNABCONS)revealedhatrestoringhe storageapacitiesf
thetanksyieldedorofoundecologicaandagriculturabenefits.

A

Groundwater Rechargeand GeogenicDilution: Desiltingthe tank beds
strippedawaythe impermeable&laylayersthat blockedwaterpercolation.
This intervention dramaticallyymproved groundwaterrecharge Despite
iIdenticalainfalllevelstheaveraggpostmonsoorrisein thelocalwatertable
increaseffom 6.91meterdan the 201314 baseyearto 9.02meteran 2016.
Cruciallytheincreaseaolumeof freshwaterinfiltratingthe shallowaquifer
diluted groundwaterfluoride concentrationssuccessfullyoringing them
downtowardacceptablbaselindimits acrossighlyvulnerablalidricts.

Circular Agronomy and Fertiliser Reduction: Silt application to
agricultural fields establisheda highly successfukircular economy. A
collaborativeevaluationby the Universityof Michigandemonstratedhat
applyinghis nutrientrich sedimenteduced:hemicafertiliserconsumption
by 35%to 50%.Thisreductioncutfarmersinputexpenditureby anaverage
of 27.60%(savingbetween 1,500and 3,000per acre)and suppressed
downstreangreenhousgasemissionfrom chemicafertilisermproductionby
50%to 90%.

SocicEconomic Productivity: The stabilisatiorof irrigationwateraccess
reducedhe gapayacu(the differencebetweerthe irrigablecommandarea
andthe actuahkrearrigatedfrom 42.40%o 23.20%whileboostingoverall
irrigation intensity by 45.60%.[12]This stablewater accesssupporteda
78.50%ncrease householagriculturahcomea36%to 39%risein inland
fish yieldsdueto longerwaterretentionperiods,and enhancedesilience
againsthistoricallyseverestorms,such as the extremerainfall eventsof
October2020
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China® Maozhou River: High-Capital Industrial and Ecological
Remediation

TheMaozhouRiver,Shenzhes longestiver,flowsnorthwestfor 31.3kilometres
from YangtaMountaindrainingabasinareaf 388squardilometresnto thePearl
RiverEstuaryTheriverformsthetransboundargorderbetweerGuangmingnd

Bao'ardistrictsin ShenzheandChang'amownin DongguarCity.

FollowingChina'sconomigeformsin the1980sthe MaozhowRiverbasinbecame
a primarymanufacturindpub within the PearlRiverDelta. The rapidproliferation
of over 433 key pollutionsource enterprises predominantlyelectroplating,
electronicsdyeing,and chemicalfactories occurredalongsidemassive rapid
populationgrowththatreache®.7millionresidents.

Without adequatemunicipal wastewaternfrastructure,massivevolumes of
untreateddomesticsewagend indudrial heavymetal effluent were discharged
directlyinto the river system.The slow slopedrop of the downstreansection
(1.5 ) combinedwith tidalbackwateeffectstrappedhesepollutantsturningthe
MaozhouRiverinto the mostheavilycontaminatetblackandodorous'waterway
in Guangdongdprovince.

By the early2010s,concentration®f heavymetals(suchas Lead,Chromium,
CopperandNickel)in theriver'sbedsedimentsvere3.73to 41 7timeshigherthan
regionabackgroundevelsposingseverecobgicalandpublichealthrisks.

Technological and Civil Engineering Architecture

In 2015 followingthe directivesf the 13thFive'YearPlan,municipalauthorities
launcheda massivehigh-capitalwaterpollution control campaignLed by state
ownedenterpriseOWERCHINA, the projectabandonedraditionalpiecemeal
interventionsn favourof a wholebasin highintensityengineeringtrategyThis
modelcomprisedour mainphysicainterventions.

1. Rainwaterand SewageDiversion

Prior to remediationstam runoff and industrialwastewatesharedthe same
drainageonduitscausingewagéreatmenplantsto overflowduringheavyrain.
Engineersonstructed?,513kilometresof new, dedicatedainwaterand sewage
diversionpipes. This separatedstormwaterfrom contaminatedndustrialand
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domesticstreamsensuringthat only concentratedvastewatereachedreatment
facilities.

2. AdvancedWastewaterTreatment and Capacity Boosting

The municipalityconstructedwo high-capacitysewagéreatmentplantsandone
treatmentstation within the basin.This added5,50,000tons per day of new
processingapacityhringingthebasin'sotaltreatmentapacityo 850,00@nsper
day whichis 1.5timesthe peakdailysewaggolumeproducedFournewpumping
stations,capableof supplying9,30,000tons per day of treatedwater, were
constructedo pumppurifiedwaterbackupstreanto maintairecologicalow rates.

3. SpongeCity Integration and Underground Storage

To managevetweatheoverflowsplannersntegratedpongeCity principlesnto
theurbanlandscap&uhongEnvironmentaProtectiorEngineeringlesigneand
implemented massive,30,00@ubicmeterundergroundainwateistoragdank.
Dividedinto 33storageorridorsexceedin@00metersn length thisunderground
facility captureshighly pollutedinitial stormwaterunoff. An automatedsacuum
flushingsystenctleanghe floor of the storageank after eachstorm, preventing
sedimenbuildupandensurindongtermoperationagfficiency.

4. Active Sediment Dredging

To addresshe highlytoxic sedimenbed,the projectdeployecamphibiouswamp
excavatoréitted with specialisedutter suctionpumps.Theseexcavatorsnoved
throughshallowwatersandmarshybankshydraulicallpumpingcontaminatedilt

directlyinto municipalprocessingites Thisprocessvoidedeleasingeavymetals
backinto the watercolumn.

LandscapeScaleEcological Engineering and "Design by Nature"
Ratherthan relying solelyon concretefloodwallsand chemicaltreatment,the
remediatiorof theMaozhouwRiverpioneeredlandscapscale'Designby Nature"

ecologicalmethodology.A 12.9kilometre section was designatedas a pilot
ecologicabelt,utilisinganecosysterservicesramework.
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Multi -StageConstructedWetlands

The project constructedsequentiaconstructedwetland systemsjntegratinga
FloatingBed ConstructedWetland (FBCW), a Horizontal SubsurfaceFlow
ConstructedVetlandHSFCW)anda Surfacé-low ConstructedVetland SFCW).
Thissequenceperateshroughthreeclearstages:

1. Particulate Filtration (Rapid Stage):Waterpasseshrougha substratef
sandgravelandrecycleconcreteaggregatds filter out coarseparticulate
matterandsuspendesolids.

2. Biological Purification (SubsurfaceFlow Stage):Watermovesthrough
downflow andup-flow subsurfaceedimenlayergcomprisingyolcaniaock
andbiomasarbonsubstratesiHere thickmicrobiabiofilmsform on plant
rootsandsubstratenaterialsiemovingdissolvedutrientsandheavymetals
throughbiologi@l absorptionnitrification,andchemicaprecipitation.

3. Polishing and Absorption (SurfaceFlow Stage):In the final openwater
stage wetlandplants absorbresidualphosphorusand nitrogen,restoring
dissolveaxygenDO) levels.

Monitoringdataindicatedhatthesesequentiavetlandsichieve@verageemoval
ratesof 74.79%for ChemicalOxygenDemand(COD), 80.90%for Ammonia
Nitrogen,71.12%or TotalNitrogen(TN), and78.44%or TotalPhosphoru§TP).

Importantly,this biologcal approachcostbetween1/3 and1/5 of conventional
chemicalatertreatmentyith operatingostdimitedto $0.02perton of water.

Suppressionof GreenhouseGasEmissions

Researcindicatedhatdischarginghis highlypurified,oxygenatetteatedsewage
into the urban river systemsuppressednethaneemissionsby up to 99.90%
comparedo untreatedsectionsThe introductionof oxygenate@vaterraisedhe

dissolvedoxygenlevels, shifting the riverbed chemistryawayfrom anaerobic
methanogenesishichsignificantlyeducd netriverinegreenhousgasemissions

The River Chief System:Restructuring Administrative Accountability

The engineeringnterventionson the MaozhouRiver succeededueto a major
institutionalreform: the nationwideimplementatiorof the River Chief System
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(RCS)in 2016.Historically, watermanagemernt Chinawasfragmentedacross
multiple ministrieswith overlappingurisdictionsand conflicting priorities. The
Ministry of Water Resourcesnanagedvater allocation,while the Ministry of
EnvironmentbProtectionoversawvaterquality.This separatiomed to disjointed
decisiormakingdatadiscrepancieandalackof accountability.

The RCSresolvedthis fragmentatiorby appointinglocal headsof the Chinese
CommunisPartyandgovernmenasthe "River Chiefs"for specifiovaterbodies.
Underthisgovernancéameworkthesdeadersreheldpersonallpccountabléor
water resourceconservationshorelinemanagementollution prevention,and
ecologicalrestoration.Crucially,the systemlinks envionmental performance
directlyto official evaluationandcareeipromotions A multragencystaff office,
the Office of the RiverChiefSystenfORCS)wasestablishetb coordinateacross
departmentgqforestry, transportation,environmentalprotection, and finance),
streamlininglecisiormakingandenvironmentaénforcement.
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Understanding Water Availability Levels

Accordingto aNITI Aayogreportvialndia'sClimateandEnergyDashboardthe
projectedpercapitawvateravailabilityor 2025and2050highlightssignificantvater
stresdgor both IndiaandTamilNadu.

Thedatacategorisgsercapitavateravailabilitynto four distinctlevels:

A Absolute Scarcity:Lessthan500cubicmeterg<500m?)
A Scarcity:500to 1000cubicmeterg5061000m?)

A Stress:1000to 1700cubicmeterg10001700m3)

A No StressGreatetthan1700cubicmeterg>1700m3)

Water Stressin India: Acrosslindia, a significantportion of the country is
projectedto face severewater challengesThe projectedmap for 2025 shows
widespreadScarcity"acrossthe central,western,and northern regions.While
easterrandnortheastermegionsf Indialargelyfall into the "No Stress'tategory,
thesoutherrtip of thecountryalreadyghowssignsof "AbsoluteScarcity"Looking
aheado the 2050projectionsthe mapindicates generalorseningrendacross
the nation,with area®f absolutescarcityntensifyingn the south.

Per Capita Water Availability for 2025 & 2050

All India v
Per capita Water Availability Legends . Absolute scarclty [<500 m3] scarcity [500-1000 m3] stress [1000-1700 m3] No Stress [>1700 m3]

Per Capita Water Availability 2025 (Projected) Per Capita Water Availability 2050 (Projected)

: ‘5 : ‘. 4

Copyright © 2026, India's Climate and Energy Dashboard
Source: CWC
The information on this platform is mainly taken from official sources. However, in some cases, a few assumptions have been made and some data derived or assumed and is given in the detailed. While we believe that the
data is reliable and adequately comprehensive, India's Climate and Energy Dashboard does not take guarantee that such information is in all respects accurate. India's Climate and Energy Dashboard does not accept any
liability for any consequences resulting from the use of this data.

https://iced.nitigov.in
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Water Stressin Tamil Nadu: The projectiondor Tamil Naduindicatea critical
andworseningvaer crisis.

A 2025Projection: The stateis overwhelminglgominatedy districtsfacing
either"Scarcity'(5061000m3) or "AbsoluteScarcity'(<500ms3). Only very
smalkliverof landonthewesterrborderareclassifiedshaving'No Stress".

A 2050Projection: The situationis projectedto deterioratelramaticallyBy
2050,almostthe entire stateof Tamil Nadu is projectedto fall into the
"AbsoluteScarcitytategorywith percapitavateravailabilitgiroppingoelow
500 cubic meters.Only a few isolaed patcheson the westernborderare
expectedo remainfreeof waterstress.

Per Capita Water Availability for 2025 & 2050

Tamil Nadu v
or capita Water Availability Legends [l 2vsoiute scarciy (<s00 ms3) B scarciy (s00-1000 m3) Stress [1000-1700 m3] No stress [>1700 m3]
ita Water Availability 2025 (Projected) Per Capita Water Availability 2050 (Projected)

Copyright © 2026, India’s Climate and Energy Dashboard
S : CWC

ns have been made and some data derived or assumed and is given in the detailed. While we believe that the
e that such information is in all respects accurate. India's Climate and Er\ergy Dashboard does not accept any
ulting from the use of this data

r orm is main \y( k from official s¢ es. Ho\ some Ci ascs,afcwassuﬂ
tely comprehensive, India’s Cli ma[ dE gyD rb ard does not take
liability for yconsoqu

https://iced.nitigov.in
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CaseStudy: DecentralisedWater Body Restoration& Community-Led
Ecological Governance

Initiative Leader: Thiru NimalRaghavaavli& CommunityPartners
FocusArea: WaterSecurityWetlandRestorationandRuralClimateResilience
GeographicCoverage:Panrindia SriLankaKenyaandUganda

Thiscasestudyexaminea scalablesommunityfirst waterbodyrestoratiormodel
that has successfullyestoredover 113water bodies and 1,700kilometres of
feeder/supply channels since2019.Operatingat 10%to 20% of standard
institutional project costs the initiative demonstrateshat integratingnative
ecologicalengineeringwith hyperlocal community ownership ensuresboth
economiefficiencyandlastingenvironmentajovernance.

Scale& Scopeof Interventions

Sincatsinceptionn 2019therestoratiormodelhasaddressediversénydrological
challengesangingrom severesiltationandinvasivespeciesvergrowttto coastal
saltwatemtrusionandborewelinducedaquiferdepletion:

A Total WaterBodies Restored:113lakespondsandtempletanks.

A FeederChannel Restoration: ~1,700km of naturalinflow and overflow
channelsestoredo ensurecompletevatershedonnectivity.

A Regional Footprint: 24 districtsacrossTamil Nadu; 15 statesin India
(includinghighvulnerabilityegiondike the Rannof Kutch, Sambhat.ake,
andthe Mahanadbasin).

A International Expansion: Operationsacrosst countried India, SriLanka
(coastal aquifer protection), Kenya (lake restoration), and Uganda
(borewell/groundwategechargsystems).
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Key Benchmark Projects

: : Scale/ : L Funding.
ProjectLocation Area Primary Objective Mechanis
m
Kadambakulam 1,835 ;aggezzeiatlejesntmg goLrggnatlmlty
(ThoothukudiTN) Acres pacity :
expansion Action
KavinadanKammai 1,118 Regionalvatertable goLrg(r:nallmlty
(PudukkottaiT N) Acres replenishment Acti
ction
Kurichi & 720Acres Deltawater Community
Sellikurichi Lakes combined retention& channel | & Local
(ThanjavurTN) clearing Action
Kayts/ 4 Critical L :
Malingimunai (Sri Coastal Mltlgatlo.nof , Bilateral :
saltwatemtrusion Community
Lanka) Lakes
Rann of Kutch 12-Dam Desertwater Multi-
(Gujarat) Chain harvesting Stakeholder

Methodology & Ecological Innovations

1. Supply Channel Integrity: Restoratiorbeginsat the catchmentevel. A
waterbodyis only ashealthyasits inflow and overflowchannelsCleaning
andwideningsupplychannelgnsuresongtermhydrologianflux.

2.

Zero Soil Export (In-Situ Utilisation): 100%of excavatedutrientrich silt

Is retainedon-site.Siltis repurposedo constructcentralLake Islands and
reinforcesurroundinggmbankmentfbunds).
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3. Biodiversity Anchoring:

U Native, pollendensetree speciesare plantedon createdislandsto
attractpollinatorg(beeshutterfliesandavifaunagdrivingnaturalseed
dispersal.

U Vetiver(khus grass)and Palmyraeedsare plantedalong bunds to
provide deep,fibrous root stabilizationthat naturallypreventssoll
erosionandactsasarainwateharvester.

4. SewageDiversion & Phytoremediation: In urbanand periurbanponds
affectecdbywastewatemfluentsewagesredirecteahto designatetteatment
channeldnvasivespeciefike waterhyacinthEichhorniassipesdProsopis
julifloraareremovedo allownaturalaquatidlorato regenerate.

Financial Sustainability & CostEfficiency

Traditionalpublic waterbody restorationprojectsfacesignificantoverheadsnd
prolongedadministrativecycles By leveragingcommunityequipmentsourcing,
local labour and preciseseasonaliming (executingearthworksduring the dry
seasoiprior to monsoorarrival) the modelachievesxtremecapitakefficiency:

A Cost Reduction: Projectsare deliveredat 10% to 20% of standard
government/institutional costestimates

A Capital Benchmarking: Interventionghattypicallyrequire 1 Crore under
conventionamunicipalmodelsare executedor approximately 20 Lakhs
with superiorstructuralongevity.

A Diverse Capital Mobilisation: A hybrid funding strategy combines
localised crowdfunding/farmer contributions with selectiveCorporate
SociaResponsibilitfCSRgrants.

The CoreDriver: Community Engagement& Ownership
The foundationapremiseof this casestudyis that technical interventions fail

without local institutional ownership. "Without communityinvolvementlong
termsustainabilityis impossible."
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Community Co-Design Framework

A

Day-One Stakeholderintegration: Localfarmersresidentsandyouthare
integratedinto projectplanningexecutionandmonitoringfrom dayone.

Shared Financial Burden: When communitiescontribute financiallyor
through voluntarylabour their perceivedownershipof the water body
Increasedramatically.

PostRestoration Governance:Becausdocalsunderstandhe labourand
planningrequiredto restoretheir watersecurity postprojectmaintenance
(suchaspreventinggarbagelumpingor invasivere-growth)is organically
managethy the communitywithoutexternabversight.

Multi -StakeholderConvergenceSuccesatthegrassrootievelhascreated
a pulkfactor, prompting District Collectors, MLAS, state government
departmentsandinternationafjovernmenbodies(e.g. Kenya,Uganda}o

directlyinviteandfacilitatehesecommunityledinterventions.
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Marine Ecosystemof Tamil Nadu - Inputs from Thiru B.Prabhakaranavl

Tamil Nadu occupiesa uniguepositionin India's maritimegeographySituated
alongthe southeasternoastof the Indian peninsulathe Stateoverlookssomeof
theworld'sbusiesmaritimetraderoutesconnectingeastAsia,SoutheasAsia,the
MiddleEastandEurope.

Todaythe1,076kilometre coastlinesupports:

T

E e I

Over600coastalfishing villagesacrosd.4district§ ChennaiChengalpattu,
Villupuram, Tiruvallur, Cuddalore Thanjavur,Pudukkottai Nagapattinam,
ThiruvarurMayiladuthuraRamanathapuramirunelveli;Thoothukudiand
Kanyakumari.

More than ten lakh people directly or indirectlydependenton marine
resources

Majorcommercigbortsandfishingharbours
Criticalenergynfrastructure
Coastaindustries

Tourismdestinations

Ecologicallysignificant wetlands,mangrovesgstuariescoral reefs and
seagrasmeadows.

Important CoastalWetlands

Wetland District Importance
PulicatLagoon . : : :
(southerrpart) Tiruvallur Ramsabite migratorybirds

BuckinghantCanal
Wetlands ChennaChengalpatt Urbanwetlandsystem
Pichavaram Cuddalore World'ssecondargesmangrove

Mangroves forestin India

e Tiruvarur/Thanjavur| Extensivenangrovecosystem

Mangroves J g y
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Wetland District Importance
PointCalimere : N _—
Wetlands Nagapattinam Ramsabite birdsandwildlife
VeSdaranyam Nagapattinam Saltmarshecosystem
wamps
Gulf of Mannar | Ramanathapura& :
Seagrad$3eds Thoothukudi DR TEllE
Relichaia Thoothukudi Estuarindoiodiversity
Estuary
Manakudystuary Kanniyakumari Mangrovesindfisheries
PazhaydEstuary Mayiladuthurai Coastafisheries
Marine ProtectedAreas
ProtectedArea District Significance
Gulf of Mannar Ramanathapura&n Coralreefsseagrass,
MarineNationalPark Thoothukudi dugongs?lislands
Gulf of Mannar Ramanathapuram, India'sfirst Marine

Biospherdreserve

Thoothukudi Tirunelveli

Biospherdreserve

PointCalimere

(coastainfluence)

Wildlife & Bird Nagaptinam Migratorybirds,blackbuck
Sanctuary
PulicatBird Sanctuar, Tiruvallur Flamlngosgndmlgratory
' birds
Pichavarariviangrove :
Reserve Cuddalore Mangroveconservation
VettangudBird : :
Sanctuary Sivagangg@nearcoast) Waterbirds
NETENE SRS Ariyalur Waterfowhabitat
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Rapid urbanisationjndustrialisation¢limate change coastalerosion,pollution,
habitat destruction,decliningfish stocks,unregulatedourism and increasing
pressur@n fragileecosystemaresteadilyweakeninghe naturalsystemshathave
sustainedoastatommunitieor generations.

Every cyclone,storm surge,flood and tidal eventnow exposeshe growing
vulnerabilityof our coastUnlessdecisiveactionis taken future generationshay
inheritacoastlinghatisenvironmentallgegradedconomicallfragileandsocially
vulnerable

ThechallengbeforeTamilNaduis not merelyoneof coastaprotection itisone
of coastalregeneration Protectionseek$o preservevhatremainsRegeneration
seekdo resbre whathasbeenlost andto createa strongerhealthierandmore
productivecoastagcosystermapablef supportindothpeopleandnatureCoastal
regenerations not an environmentakxpenditurgit is a longterm economic
investment.

Coastategeneratioshouldbecomewholeof-governmenmissionsupportedy
local communitiesresearchnstitutions,industry,civil societyorganisationand
internationgpartnersT he future of Tamil Nadu will continue to be shapedby
the sea.The questionbeforeusis not whetherchangewill occur, but whether
we will lead that changewith vision, science,community participation and
determination. The time for coastalregenerationis now.

Marine pollution has becomea significantenvironmentaland public health
concern. Plastic waste, abandonedfishing gear, untreatedsewagejndustrial
effluents,agriculturakrunoff and oil contaminatiorcollectivelydegrademarine
ecosystemandthreaterfisheries.

Singleuse plastics are particularly problematic becausethey persist in the

environmenfor decadedragmentnto microplasticandentemmaringood chains.
Marineanimaldrequentlyingesior becomeentangledh plasticdebrisyesultingn

injuryor death.

Ghostfishing the continuedcaptureof marineorganismsy abandonear lost
fishing geay further contributesto biodiversityloss and economicinefficiency.
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Without comprehensivevaste managementgircular economy initiatives and
Improvedcoastasanitationpollutionlevelsarelikelyto continueincreasing

Towards a RegenerativeCoastalFrameworkfor Tamil Nadu

The existinggovernancé&andscapencludingthe CoastaRegulatiorzone (CR2)
Notification,IntegratedCoastaZone Managemern(tCZM) initiativesandvarious
disasteandfisheriegegulationshasprovidedfoundationakafeguardsiowever,
these frameworksare increasinghyjll-equippedto managethe complexity of
evolvingcoastatlynamics.

Current Policy Limitations Required Modern Shifts

Integrated Framework: A unified
strategyhatalignsecologicahealth,
economig@rowth,andcommunity
welfare.

SectorSpecific Silos: Policiesare
isolatedwithin individualdepartments,
leadingo disjointedoutcomes.

FragmentedGovernanceOverlapping | CrossSectoralAlignment: A

mandateacrossagenciessultin unifiedgovernancarchitecturevith
administrativeluplicatiorand sharedlataplatformsandbudgetary
implementationlelays. oversight.

ProactiveRegeneration:A shift
towardlongtermecological
restoratiorandclimateresilient
growth.

ReactiveRegulation: Currentfocusis
primarilyon mitigatingdamagedfterit
occursor restrictingdevelopmet.

Comprehensive
CoverageRegulatorglarityfor
marinebiotechnologygreen
hydrogenandbluecarbonprojects.

Limited Emerging Scope:Existing
rulesfail to providecleargovernancéor
new,high-growthblueeconomysectors.

TamilNadumustpositionitselfasaleadein costeffectivepiologyledprotection

A Mangrove and Wetland Restoration:Utilising naturalbuffersto absorb
stormenergy

A SandDune and BeachRehabilitation: Restorinqaturasedimenbarriers
to combaterosion.
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A Living Shorelines:Usingnaturalmaterialg¢o stabilisebanksandestuarine
edges.

A Green Coastal Buffers: Integratingvegetativeonesinto urbanandrural
coastaplanning.

A Coral Transplantation and SeagrassConservation:Actively restoring
submergedtabitatso supportbiodiversity.

The overarchingbjectiveis to transformTamil Nadu® coastlinanto a resilient,
prosperousand sustainableorridor by 2040. This transformationdemandsa
departurefrom fragmentedregulationtoward a comprehensivéramework of
regeneratiorBy integratingscientificinnovationwith communityempowerment
andecosystemestorationTamilNaduis uniquelypositionedo establislitselfasa
nationakndinternationaleadein moderncoastagjovernance.

Global BestPracticesfor Tamil Nadu& CoastalManagement

Historically,coastalmanagemenhas been highly fragmentedacrossdifferent
sectordike ports,fisheriesandtourismwhichhasoftenledto conflictingpriorities
and environmentatlegradationT he globalbestpracticeis now shifting towards
Integrated CoastalZone Management(ICZM) , whichtreatsthe coastlineasa
singlenterconnectedcosystematherthanisolatedsectors.

Key International Lessons Ratherthan wholesalaeplication,Tamil Nadu is
lookingto adaptseverakuccessfuljlobalstrategieso its uniqueecologicabnd
socieeconomidandscape:

A The Netherlands ("Living with Water"): Movingawayfrom exclusively
relyingon engineeredeawalltowardsadaptivédlood managementtilizing
beacmourishmentandrestoringhaturakanddunes.

A Singapore:Balancingntenseurbandevelopmenvith marineconservation
throughstrictcoastaplanningsmartwvaterqualitymonitoringandintegrated
wastewatdreatment.
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A

Japan: Building multi-layereddisasterresilience,strengtheningcyclone
evacuationsystems,and expanding coastal afforestationfor disaster
preparedness.

Australia: Managinghe GreatBarrierReefthroughcorninuousecological
monitoringandsciencéasedconservatiorprovidinga directblueprintfor
TamilNadu'sGulf of MannarmBiospherdReserve.

Norway: Implementingsciencdasedcatchlimits, traceabilitygystemsand
digitalvessemonitoringfor sustainablésheries.

Indonesia: Promotingcommunityled estuarinenangroverestorationrand
linkingit to sustainablievelihoodsandbluecarboninitiatives.

United States:Pioneerind'living shorelines'that usebioengineeringnd
nativevegetatiorfor erosia controlratherthanrelyingexclusivelypn hard
engineering.

Denmark & New Zealand: Expandingoffshorerenewablenarineenergy
and integratingtraditional,indigenousecologicaknowledgeinto coastal
governance.

The Proposed Tamil Nadu Coastal Regeneration Model (TNCRM) - By
synthesisingheseinternationakrends,the stateplansto forge its own distinct
Tamil Nadu CoastalRegenerationModel.

Key Recommendationsfor Implementation:

A

Establisha Tamil Nadu Coastal Regeneration Authority for unified,
crosssectorapolicycoordination.

Prioritisenature-based solutions (like mangroverehabilitationand living
shorelinesy)verhardengineeringrherevescientificallappropriate.

Implementmarine spatial planning to systematicallgalancecompeting
interestdike fisheriesports,conservatiormndrenewablenergy.
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A Developa State Coastal Digital Observatory utilisingdrones,GIS, and
satellitesemageryfor reattime monitoringof shorelinechangesnd coastal
hazards.

Tamil Nadu® coastlineis deepy interconnectedvith the Bay of BengalLarge

Marine Ecosystemmeaningits policiesmust align with broaderinternational
agreementand nationalframeworksThis alignmentallowsthe stateto access
internationafinancing climateadaptatiomesourcesandtechnicakxpertisavhile

meetingglobalsustainabilitgoals.

International Commitments: To achievaylobalstandardsTamil Nadu'scoastal
strategynustintegrateseverakeyinternationaframeworks:

A Sustainable Development Goals (SDGs): The cornestoneis SDG 14
(Life Below Water), whichguidesnarineconservatiorpollutionreduction,
andblueeconomygrowth.Otherrelevangoalsancludeclimateactionclean
water andsustainableommunities.

A Climate & Biodiversity Agreements: The Paris Agreement demands
robust adaptation strategiesfor sealevel rise and intense cyclones.
Concurrentlythe Convention on Biological Diversity (CBD) andthe
RamsarConvention prioritisethe protectionof vital habitatdike the Gulf
of Mannar coral reefs, mangroves and crucial wetlands.

A Nature-Based & Scientific Solutions: Participatingn the Blue Carbon
Initiative by restoringmangrovesindseagrassesincreatecarbonfinance
opportunitiesand increaseresilience Furthermore,leveragingthe UN
Decade of Ocean Sciencecan help the statebecomea leaderin digital
coastamonitoringandmarineresearch

Theoverarchingisionisto transformlamilNaduinto India's leading model of
sustainablecoastalgovernance.

To translatehis ambitiousobjectiveinto actian, the strategyelieson sixmutually
reinforcingpillars whichareexecutedhroughdistinctflagshipmissions:

A Pillar | (Healthy Coasts):Focusesnrestoringnarineecosystembgeaches,
mangrovesand wetlandsthrough the BlueOceadamilNaduand Living
Coastlimaissions.

[117




__weThe leaders
DTG
DI DG

A Pillar 1II (Climate-Resilient Communities): Focuses on cyclone
preparednessaturebaseddaptatiomandearlywarningsystemghroughthe
Climat&hielahission.

A Pillar Il (SustainableBlue Economy): Diversifiesthe economythrough
sustainablaquaculturanarinebiotechnologyandmaritimelogisticsviathe
Coastdtrosperityission.

A Pillar IV (Clean Oceans): Tacklesplasticwaste ghostfishing gear,and
wastewatdo ensurecleanewatersviathe ClearCoastamilNadumission.

A Pillar V (Knowledge and Innovation): Promotesnarineresearchil, and
digitalobservationhroughthe Oceamnovatianission.

A Pillar VI (Good Governance): Ensuresintegratedplanning,regulatory
reform,capacityuilding,andtransparency.

The Paradigm Shift in CoastalManagement

For over half a century,coastaimanagementasbeendominatedoy defensive
engineering areactivenodelutilizinghardstructuresike seawallandgroynego
protectspecifiassets.

Whileeffectivan theshortterm,thesdantervention®ftendisruptnaturasediment
transportand requirehigh maintenancel' he Tamil Nadu CoastalRegeneration
Mission 2040 (TNCRM 2040) marks a fundamentalshift toward Integrated
Coastal Zone Management (ICZM) and a philosophy of proadive
regeneration

The corepolicymandateas to movefrom "protecting the coastfrom damage”
to "restoring the coastto health." This approachrecognizeghe coastlineasa
dynamidiving systenwhereecologicalestoratiorservesasthe primaryengineor
economicresilienceind disasterisk reduction.We mustadopta philosophyof
workingwith natureratherthanattemptingo control it.

A Environmental: Acceleratederosion, habitat fragmentation,declining
biodiversityandreducedish populations.
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A Economic: Damagéo tourismassetsncreasethfrastructurenaintenance,
andhigherdisasterecoverexpenditures.

A Social:Heightenedulnerabilityf coastafamilies|ivelihoodinsecurityand
displacemerfbllowingextremeveather.

A Strategic:Constrainbf the Staté BlueEconomyambitionsdueto theloss
of fundamentahaturakapital.

Economic Valuation: The Casefor Natural Capital
TNCRM 2040 definesthe coastlineas Natural Capital, a strategicstock of
resourcethatgeneratea continuoudlow of Blue Wealth. Unlike manufactured

capitalpaturakcapitalppreciateim valuewhenrestored.

EcosystemServicesvs. Artificial Replacements

Ecosystemsset |Artificial Replacemer@ost/Function

Mangroves Floodbarriersembankmentgndstormsurgeshields
Coral Reefs Offshorebreakwaterandwaveattenuatiorstructures
SandDunes Coastaprotectionstructuresndsandreservoirs
Wetlands Stormwatemfrastructur@andflood storage
Estuaries Watertreatmenftacilitiesandnutrientcycling
Seagass Sedimenstabilizatiorprojectsandcarbonsinks

The Four Categoriesof EcosystemServices

1. Provisioning: Tangiblegoodsincludingfish, shellfish,seaweedsalt, and
medicinaplants.

2. Regulating: Climateregulationywaveenergyabsorptionflood mitigationand
watermpurification.

3. Cultural: Tourism, recreationakpacesspiritual heritage,and community
identity.

4. Supporting: Nutrientcycling habitatfor marineorganismsandfish breeding
grounds.
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The Mission Architecture: Vision, Principles, and Pillars

"To transform Tamil Nadu into India's leadingmodel of sustainableoastal
developmentby restoringnatural ecosystemsstrengtheningclimate resilience,
empoweringoastacommunitiesadvancing globallycompetitiveBlueEconomy
andsafeguardintipe Stde'smaritimeheritagdor futuregenerations."

The 12CorePrinciples

1.

10.

Ecology First: Healthy ecosystemsare the foundation of all sustainable
development.

Climate Resilience by Design: Everyinvestmenimustaccountfor future
climaterisks.

Nature-Based Solutions (NbS): Prioritizing naturalsystemsover artificial
ones.

Communities at the Centre: Peopleare partnersin stewardshipnot just
beneficiaries.

Science Drives Policy: Evidencebased decisiormaking using modern
research.

Integrated Governance:One coast,one coordinatedapproachacrossall
departments.

Prevention Before Restoration: Protectinghealthysystemss more cost
effectivehanfixing degradednes.

Blue Economy with Ecological Integrity: Growth mustrespececological
limits.

Innovation and Technology:Utilizing"SmartCoast'toolslike Al andsatellite
monitoring.

Intergenerational Responsibility: Ensuringtodays decisionsenefitfuture
generations.
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11. Transparencyand Accountability: Openreportingandindependenteview.
12. Equity and Inclusive Development:Ensuringno communityis left behind.
The Five StrategicPillars

A RestoreNature: Rebuildinghe ecologicaloundations.
U Outcomdmproved biodiversityjncreasedish nurseryhabitatsand
enhancedaturalprotection.

A Protect People: Strengthening community weltbeing and social
infrastructure.
U OutcomeReduceddisastervulnerabilityand improved household
Incomesecurity.

A Sustainable Blue Economy: Responsiblemarine developmentand
entrepreneurship.
U Outcomédreenemploymenandincreasegrivateinvestmenin ece
tourism.

A Climate Resilience:Preparindor sealevelriseandextremaveather.
U Outcoméeducedisastelossesndclimatehardenednfrastructure.

A Innovation and Governance:Knowledgedriven managemerdnd digital
transformation.
U OutcomeBasterenvironmentalmonitoring and datadriven policy
decisions.
Governanceand Institutional Framework

TNCRM 2040employsa Four-Tier GovernanceStructure to managehe coast
asasinglenterconnectedystem:

1. StateCouncil: Strategipolicyleadershipndinterdepartmentaésolution.
2. Mission Directorate: Centrakoordinatiorfor dayto-dayimplementation.

3. District Committees:Ledby District Collectorgo executdocalactionplans.
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4. Local Stewardship Committees: Villagelevel groupsfor communityled
implementation.

Financing and Blue Finance Strategy
TheMissionutilisesaBlended Finance Model to mobilisesustainableapital:

A Public Financing: Convergenceof state/national budgets and the
developmendf aNatural Capital Accounting Framework

A Climate Finance: Internationafundsfor adaptatiomndNbS projects.

A Blue Finance: LeveragingBlue Bonds and Blue Carbon initiatives
(mangroves/seagrass pttractglobalsustainableapital.

A CSR:Partrershipswith industrieor wastenanagemertndrestoration.
Investment Prioritisation Framework Projectsareselectetbasedn:

1. Environmentabignificance?. ClimateBenefits 3. Socialmpact,4. Economic
Value and5. Feasibility.

Outcome-BasedFinancing shiftsrewardd¢o measurablperformanceé suchas
hectaresf mangrovesstablishedvermerebudgeexpenditure.

Implementation Roadmapand Flagship Programs
The Three-PhaseRoadmap

1. Phase | (20262030): Foundation: Institutional strengthenig, baseline
surveysandpilot projects.

2. Phasell (20312035):Expansion: Scalinguccessfydrogramsndintegrating
BlueEconomysectors.

3. Phaselll (20362040):Consolidation: Achievinggloballeadershipndlong
termecologicalesilience.
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The 26Flagship Mission Programmes

A

Ecological: 1. MissionLiving Beache2. TN MangroveMission,3. Coral
Recovery Initiative, 4. SeagrasConservation,5. Marine Biodiversity
Conservation6. CoastaMWetlandRestorationy. CoastalAfforestation,8.

BlueCarboninitiative.

Pollution Control: 9. PlastieFree Coastline,10. Ghost Fishing Gear
Recovery] 1.CleanFishingHarbourlnitiative,12.GreenPorts,13.Coastal
CircularEconomy.

Community: 14. ClimateResilientCoastalVillages,15. CoastalDrinking
WaterSecurity] 6.BlueSkillsMission,17.Women'8lueEconomyinitiative,
18.Coastal¥outhLeadershid9 TN OcearLiteracyMission.

Blue Economy: 20. SustainableCoastalTourism, 21. Blue Economy
Innovation 22.SeaweeDevelopmenMission.

Science & Gowernance: 23 Smart CoastDigital Mission, 24. Coastal
ResearciNetwork, 25. CoastaHeritageConservation26. CoastaDisaster
Resilience.

SocialDevelopment:CoastalCommunities and Livelihoods

TNCRM 2040adoptsa strategyof "Placing People at the Centre." Healthy
ecosystemarethe bedrockof sociaktabilityandlivelihoodsecurity.

A

Womens Empowerment: SupportingWomers Blue EconomyCentres,
cooperatives seaweedalueaddition andseafoodnarketingenterprises.

Youth Development & Skills: Marine vocationaleducationdrone/GIS
operatiortraining,andinternshipsn marinebiotechnology.

Maritime Identity: Preservatiomf Traditional Ecological Knowledge

(TEK) regardingidesand fish behaviorandthe conservatiorof historic
maritimeheritagesites.
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District Profile Analysis:ChengalpattuModel

ChengalpattuDistrict serves as the "Model for Sustainable Coastal
Urbanisation," representinthe criticaltransitionbetweermetropolitanChennai
andruralcoastalandscapes.
A Ecological Assets: Sgnificant sandy beachesfor turtle nesting, the
MuttukaduBackwatergndthe Buckingham Canaltlinked water bodies.

A Strategic Infrastructure: Home to the Kalpakkamnuclear complex,
requiringworld-classlisastepreparednessdshorelinestability.

A SectoralChallenges/Opportunities:
U TourisnManagingisitorpressurat UNESCOsiteMamallapurams.
opportunitiesat Alamparai Fort andsurfingin Kovalam.
U FisheriesChallengeswith erosion and declining catches vs.
opportunitiesn modernisedandingcentes

Monitoring, Evaluation, and Adaptive Management(MELAM)

TheResultsBasedManagementFrameworktrackdive levelsinputs,Outputs,
OutcomeslmpactsandVision.

The Adaptive ManagementCycle ensuregoliciesevolvethrougha continuous
loop:Assessment Planning> Implementation> Monitoring-> Evaluation>
AdaptivdmprovementTheStateCoastalRegenerationDashboardwill provide
reattime publictransparenchpr all performancendicators.

The Roadmapto Global Leadership

By 2040,the TNCRM will deliverstrategioutcomesa healthierenvironmenta
globally competitive Blue Economy, and resilient, socially inclusive coastal
communities.

Closing Declaration: "Let the coastof Tamil Nadubecomea living exampleof
harmonybetweerpeople natureand prosperityLet everybeachrestoredgevery
mangroverotectedeverycoralreefrevivedandeverycoastavillagestrengthened
becomea testamento our collectivaresponsibilityThroughsciencestewardship
andsharecommitmentTamilNaducanh emergesabeacorof sustainableoastal
developmenfor Indiaandtheworld."
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Fineparticleair pollution (PM2.5) pzoneandnitrogendioxidearethe threemain
indicatorsusedo quantifyair pollutionexposurethroughoutheworld.

PM2.5 pollution comesfrom vehicles residentiafuel use,coatburning power
plants agriculturahndindustriabctivitieswasteburning wildfiresandmanyother
humanandnaturalsources.

Groundlevel, or troposphericozoneis a pollutant that harmshuman health,
damageplants,andcontributego climatechangeThe chemicalsesponsibldor
the pollution arereleasedhroughthe burningof fossilfuelsin vehiclespower

plantsfactorieandhomesthroughindustriabctivitiesuchasoil & gasextraction
andprocessing.

India,with 67.2ppb (partsperbillion), isthe 3rd mostozonepollutedcountrynext
onlyto Qatar(67.6ppb)andNepal(67.5ppb).

The largessource®f nitrogendioxideincludetranspeotation, powergeneration,
andindustriakctivities.

As far asHouseholdAir Pollution(HAP) in Indiais concernedover 10%of the
populations exposedo HAP.

According to the Stateof Global Air 2025report

36% of the w o r Ipabdlaionis exposedo levelsof PM2.5abovethe least
stringeninterimtargetof 35microgram/cubiameter.

11%of the globalpopulationlivesin areasvherethereareno nationalair quality
standards.

Low- andmiddleincomecountriedacethelargesburden90%of al air pollution
deathsverein thesecountries.

7.9million deathsvereattributedto air pollutionworldwidein 2023(1in 8 deaths
worldwide).

232million healthyyearsf life lostworldwidewereattributedo air pollution.
Of thistotal,4.9million deathsvereattributabléo ambientPM2.5exposure.
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2.8 million werefrom householdair pollution and 4,70,000deathswerefrom
ozone.

In 2023 dementiattributabldo air pollutionresultedn 6,26,00@eathsand11.6
million healthyyearsof life lost.

95%o0f deathsn adultsoverthe ageof 60aredueto non-communicabldiseases.

IndiaandChinaeachhadmorethan2 million deathsattributableo air pollutionin
2023.

BangladeslvakistarandNigeriaeachsawmorethan200,00@eaths.
IndonesiaMyanmaandEgypteachsawmorethan100,00@eaths.

Air Pollution continuesto be the secondleadingrisk factor for early death,
surpassednly by highbloodpressure.

Thislossof healthytife by millionsof individualsindermineprogressoward UN
2030SustainableevelopmenGoalsandothertargetaimedatelevatinghequality
of life for allhumanity.

High blood pressure
Tobacco

Dietary risks

High fasting plasma glucose
Kidney disfunction

High body-mass index

High LDL cholesterol

Other environmental risks

Child & maternal malnutrition

2 4 6 8 10
Total number of deaths (millions) in 2023

Referencenttps://www.stateofglobalair.org/resources/report/stgligbalairreport2025
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Extensive Quantitative Report: Air Quality Assessmenbdf Major Indian
Cities (20192025)

An analysisf the Air Qualitylndex(AQI) dataspannindrom 2015to November
2025acrosd 1 majorindiancitiesreveals criticalenvironmentahealthissuenot

a single major urban centre in India achievedconsistently safe air quality

levelsduring the entire decade Whilethe degreeof pollutionandlongitudinal
trends vary significantlyby geography with some cities displayingnotable
reductionsin AQIl post202@ every assessedity maintainedmetrics that
correspondo moderatepoor,or hazardouatmosphericonditions.

Data and Scope The quantitativelatainformingthis assessmerg derivedfrom
daily AQI valuessuppliedby the Central Pollution Control Board (CPCB),
Governmenbf India. The studyencompassdd metropolitarareasAhmedabad,
Bengaluru,Chandigarh,Chennai, Delhi, Kolkata, Lucknow, Mumbai, Pune,
VaranasiandVisakhapatnam.

City-Wise Quantitative Analysis(20192025)

CategoryA: The SeverelyPolluted Northern Corridor. Thecitieslocatedn the
Indo-Gangetiglainsconsistentlyecordedhe highestandmosthazardougevels
of airpollution.

A Delhi: Delhi remainedhe most pollutedcity throughot the entire201%
2025studyperiod.The city'smeanAQI| peakedat an extreme 256.37in
2016 Althoughslightimprovementsvererecordedost2019 its 2025AQ
levelremainsemarkablhighat180.67fallingfar shortof anysafethreshold.

A Lucknow: Startingwith an AQI of 182.01in 2015,Lucknowsawmassive
earlyspikespeakingat 227.85n 2016andmaintainingevelsnearor above
200until 2020(e.g.,217.33in 2018).By 2025 ,the city managea gradual
reductiornto 118.25thoughthisremaingirmlyin anunhealthyange.

A Varanasi: Varanasiexperiencedh dramaticshift. It exhibitedextremely
hazardou®\QI levelsearlyin the decaderecording 197.71n 2015and
peaking at 226.27in 2016 However the city hasdemonstratedignificant
improvemensince2021 drivingits meanAQI downto 60.94by November
2025 whichisamonghe mostsubstantialelativedecreasean the dataset.
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Category B: Moderate-to-High Pollution Centres. Citiesin the westernand
centrabpartsof Indiafrequentlyhoveredn moderateto-poor rangesgharacterised
by distinctpeaksandfluctuations.

A

Ahmedabad:Thecityrecordedts highestAQI in 2017at197.27After this
peak, Ahmedabad'aQIl mostlyfluctuatedoetweeril10and160.By 2025,
the AQI restedat 100.73representing modestongtermimprovemenbut
stillindicatingunsafeair.

Pune: Punebegarthe studyperiodwith a relativelyhigh AQI of 163.60n
2015. It experiencedstrong fluctuations but demonstratedoverall
improvemenpost2020endingatameanAQIl of 94.17in 2025.

Chandigarh: Evaluatedfrom 2019 onwards, Chandigarhconsistently
exhibitedmoderatgollution.It startedat 138.14n 2019 sawelevatedQl
levelsclimbingto 151.76n 2024,and subsequentlgiecreasetb 108.63n
2025.

CategoryC: The "Cleaner" Metros (That Still Fail Safe Standards)Coastal
and southerncitiesgenerallyecordedhe lowestoverallAQI metrics,yetnone
managedto fall into the "Good" categoryreliably.

A

Bengaluru: Bengalurumaintainedhe lowestmeanAQI acrossll 11 cities
throughouthedecaddts AQI remainedecurelpetweer5and9o0,starting
at70.48n 2015andendingat71.98n 2025 Despitebeingthetop performer,
thesdevelsstill exceedhealthylimits.

Chennai and Mumbai: Both coastal cities demonstratednotable
improvementsfter2020.Chennas AQI fell from 113.61in 2015to 74.67
by 2025 Mumbaisawa similartrajectorydroppingfrom 110.22n 2015to
83.20in 2025.

Kolkata: Kolkata showeda steadygradualdecreasingrend since2022,
bringingits 2016AQI of 94.94downto 84.93pby 2025.

Visakhapatnam: Unlike most other citiesin this bracket,Visakhapatnam
demonstrated rising pollution trend after 2020 After droppingto 95.52
in 2020jts AQI steadilclimbedreachind 13.471n 2025.
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4. Quantitative Drivers & The Meteorological Trap: Whileindustriaemissions,
rapidurbanisatioranddensédraffic consistentlglevatdaselindQI levelsaacross
all regionsthe severgeaksobservedn northerncitiesarehighlydependenbn
meteorology.

A The Winter Inversion Effect: Duringwinter(DecembeFebruary)dense,
cold air is trappednearthe earth'ssurfacebeneathwarmerair, severely
limitingthe verticaldispersiorof pollutants.

A Absenceof Precipitation: Rainactsasanaturatleansefor theatmosphere;
however a starklack of precipitationexacerbatethe issue.For instance,
Delhirecordedd mm of rainfall from October 1to November 28,2025
forcingseasonamogto persisfor significantlyongerdurations.

A Topographical Barriers: Delhi andthe NationalCapitaRegion(NCR)are
geographicallgound by the Himalayado the north, which trapsregional
pollutionandseverelimitswind dispersion.

Thedecaddongquantitativelatadefinitivelyproveshatdespitevariousegulatory
measuregqostpandemiendustriakhifts,andimprovedfuel standardsjo major
Indian city has escaped persistent air quality concerns While cities like
VaranasandChennahavesuccessfullyriventheirnumberslownwardsince2015,
millions of citizensreman exposedo air that routinelybreachesecommended
healththresholdsAddressinghiscrisisrequireshiftingawayfrom shorttermfixes
towardsystemiajatadrivenreformsthataccountor both geographicealitiesand
longtermemissiorcontrols.

Reference:

https://climatetrends.in/publication/amualityassessmenf-majorindiancities20152025-

693963126afd6
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Accodingto a UNICEF report, Air pollution damagestartsin the womb with
healtheffectsthatcanlastalifetime.

Air pollutioncausedamagéhatbeginsn thewombandcanresultin healtheffects
that lasta lifetime. Wheninhaled,pollutantscan alter lung defencesenterthe

bloodstreamandpenetrat@eepetissuesincludingthe heartandbrain.Children
areuniguelywulnerabléo thesegollutantsandshouldnot betreatednerelyas'little

adults".

Pregnancyand Fetal Development During pregnancypoth the motherandthe
developindetusfaceuniquephysiologicatlulnerabilitieto airpollution,whichcan
stemfrom inefficientpollutingfuels,seconehandsmokeandothersources.

A

PhysiologicalVulnerabilities: Pregnantvomeninhaleanincreasedmount
of airperminute Certainpollutantscancrosshe placentdo reachthefetus.
Additionally,maternalexposureo air pollution causesnflammationand
oxidative stress,which indirectly affects fetal developmetn This can
negativelympactthe devdopmentof the fetal respiratorycardiovascular,
immune endocrineandnervoussystems.

Impacts on Maternal Health: Exposures linkedto gestationatliabetes,
pre-eclampsiayestationdiypertensiorgandpostpartuntdepression.

AdverseBirth Outcomes:Pollutionexposureluringpregnancganleadto
low birth weightmiscarriaggretermbirth, andstillbirth.

Infancy and Childhood: Infants and childrenfacecompoundingisksbecause
theirbodiesarestill formingandtheirbehaviourincreaséheirrelativeexposuré¢o
groundlevelpollutants.

A

Unique Vulnerabilities: Relativeto adults,childreninhalemore air per
kilogramof bodyweightandconsequentlgbsorbmorepollutantsTheyare
alsolesseffectiveatfilteringpollutantghroughtheirnasapassageBecause
theylive closerto the ground theyaremorelikely to breathen groundlevel
pollution. Furthermore,inflammationin a child's smallerairwayscauses
proportionallymore blockageand air flow resistancghan in an adult.
Children also lack the ability to control their indoor and outdoor
environments.
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A

Physical Health Outcomes: The physicahealthconsequencekiringthis
stagareseverancludingpneumonigespecialiy thefirstyeairof life),upper
respiratoryractinfectionsandearinfections Childrenmayalsosufferfrom
congenitalheart defects,childhood leukaemiaaltered growth (such as
stuntingandobesity)highbloodpressureastnmaallergiesandeczema.

Neurological Outcomes:Becausthebrainis stilldevelopingpollutioncan
causeneurodevelopmentdisordersand impairedcognitivedevelopment,
includingautismspectrundisorders.

Adolescence Therisksof airpollutiondo not ceasafterchildhood asadolescent
bodiesare still maturingand their routinesoften placethem in high-exposure
scenarios.

A

Behaviouraland DevelopmentalVulnerabilities: Lungfunctioncontinues
to developwellinto adolescenandearlyadulthood/until the lateteendor
girls and early 20s for boys). Adolescentften spend significah time
outdoorswalkingto school playingsports,or engagingn activitiesan high
pollution areastypicallylackingcontrol over whereorganisedsportsare
located.

Long-Term Health Impacts: Continuedexposureduring adolescence
contributesto upper respiratorytract infections, the developmentor
exacerbatioof asthmandallergiedhighbloodpressureandobesitylt also
continuego threatenmpairedcognitivedevelopment.

Reference:

https://www.stateofglobalair.org/resources/factsheetAumesairpollutionrimpactchildrenshealth
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Soil pollution driven by industrialactivities,poorly managednining, intensive

agrochemicalsageandimproperwasteadisposalactsasasilentglobalemergency.
Unlike air or waterpollution, which offer rapid visualor atmospherideedback
loops,soil actsasa longterm sink for heavymeals,persistenbrganicpollutants

(POPs)andemergingontaminantike microplastics.

TheFoodandAgricultureOrganisatiofFAO) andthe UnitedNationsConvention
to CombatDesertificatiofUNCCD) estimatehat 33%to 40% of the world's
soils arealreadymoderatelyto severelydegradedor polluted.

A

Financial Cost: The globaleconomidourdenof landdegradatiomnd soil
pollution is staggeringestimatedat USD 10 trillion to USD 20 trillion

annually due to productivity losses,biodiversity decline, and water
contamination.

Net Primary Productivity: Ecosystenfunctionlosshasledto a minimum
5%$%$ drop in globalnet primaryproductivity,carryingan assetiossvalue
betweerUSD 6.3trillion and USD 10.6trillion peryear.

Irreversibility: Soil is effectivelya finite resourceGeneratingust a few
centimetre®f fertile,arabletopsoiltakesup to 1,000years yetwe losean
estimated20 hectares of soil every minute globallyto erosionand
degradation.

Contaminatedoil directlycompromisefiuman nutrition by reducingcrop yields
andrenderingood unsafdor consumption.

A

A

Caloric Deficits: Thelossof soilorganianatter(SOM)alones projectedo
causea 4.3% decreasein global yields for staple crops, strippingaway
essentiadailycaloriegshatcouldotherwisdeed640million people

Greenhouse Gas Forcing: Soil degradationand landuse changesare
projectedo releas@9gigatonnesof $CO_2%hetweer2015and2050.This
constitutesapproximatel$1 X %$ of currentglobalannualgreenhousegas
emissiongjrivinga secondaryglimateinducedhreatloop backinto global
agriculturayields.
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The LancetCommissiornon Pollution and Health attributesat least9 million
deathsannually to environmentapollution.While air andwaterpollution claim
the major shareof recordeddirect casualtiessoil acts as the core baseline
accumulatofor multiplelethalpathways.

Heavy Metal Bioaccumulation

HeavymetalgHMs)likeLead(Pb),Cadmiun{Cd),ArsenidAs),andMercury(Hg)
are nonbiodegradablend highly persistenin the soil matrix. They transition
seamlessiyom soilto the humanfood chainviaplantroot uptake:

A Cadmium (Cd): Chronicallypollutedsoils (historicmining zones)trigger
severdonedensityjossandrenalfailure.lIn documentedegionakxposures
(suchasthe ItaHtai diseasdnotspotsin Japan)cadmiumconcentration
localricecropscausedvidespreadsteoporosiandpainfulbonefractures.

A Lead (Pb): The Institute for Health Metrics and Evaluation (IHME)
attributeslosto 1 million deathsperyeargloballyto leadexposurenuch
of it enteringthe body through contaminatedoil dustinhalation,dermal
contact,or food crops grown near electronicwaste(ewaste)dumpsor
industriasmelters.

Indiafaceseverdpcalisegressurérom soilpollutionanddegradatiodueto high
population densities,intensive agriculturalinputs, and expandingindustrial
footprints.

MacroeconomicDrag: Accordingo World Bankevaluationghetotaleconomic
costof environmentalegradton in IndiastandsatroughlNR 3.75trillion ($80
billion USD equivalent)annually.

Cropland Contribution: Out of this total degradationbill, direct cropland

degradationaccountsfor INR 700billion (~$15billion USD)everysingleyear,
drivenheavilyby soil salinitywaterlogginggnderosion.
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References:
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d85b325afcal#:~:text=The%20study&s2iinates%20the%20total%20cost%200f,year%20for%20mo
st%200f%20the%20damage%20estimates
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CaseStudy- Heavy metalsin soil in Ranipetdistrict of Tamil Nadu

Acceptableand Normal Levelsof Heavy Metals in Soil. Beforedivinginto the
contaminatiofmoundin theRanipetndustriabreait isimportantto understanthe
normal safethresholdeveldor heavymetalsn soils,whichserveasabaselindor
measuringollution:

A Chromium (Cr): Thenormalrangen soilisaboutl 00mg/kg, with Canadian

environmentajuidelinesettinga safelimit at64 mg/kg.

Zinc (Zn): Thenormalthresholds 200mg/kg.

Copper(Cu): Thenormalsafethresholds around30 mg/kg.

Lead (Pb): A normalbaselinags estimatedo be 25 mg/kg, andanything

abovethis suggestsumanmadepollution.Canadiamguidelinesetalimit at

140mg/kg.

A Barium (Ba): The normalrangeis 300mg/kg, with aguidelindimit of 500
mg/kg.

A Vvanadium (V): Thenormalthresholds 100mg/kg.

Too T T

The Context: RanipetIndustrial Area Ranipetatownin TamilNadu,isamajor
centrefor leathertanning.The 90 squarekilometreareais hometo 400industrial
units, including240 tanneriesalongsideceramic fertiliser and chemicalplants.
Over many years,theseindustrie8 particularlytanneriesthat extensivelyuse
chromiumandsodiumsalt$i havedischarge@vasteanduntreatediquidsdirectly
onto openlandandinto nearbytakesandstreams.

The Scientific Method Used to Test the Soil: To measurghe extentof this
pollution,researchersollected49 soil samplegrom the top 10 cm of soil across
the area.They usedan advancedscientifictool calledan X-ray fluorescence
spectrometer (XRF) to preciselydetectthe concentrationof various trace
elements.

To figure out if the metalswere naturalor humanmade,they usedtwo main
scientificcalculations:

1. Index of Geoaccumulation(lgeo): Thiscomparesurrentmetallevelsin
thesoilto "pre-industrial'naturabaselinéevels.
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2. Enrichment Factor (EF): This mathematicdbrmulacompares specific
meal against stablereferenceslemen(like Strontium)to seeif the soilis
artificially "enriched" with toxic metals.

Key Findings: The Scaleof Contamination. The calculationsevealed "very
highdegre®f contaminationacrossheregion(anaverag€ontaminatiobegree
scoreof 51.45)Thesoilsshowedlangerousnrichmentsf specifiheavymetals:

A Chromium (Cr) - The Biggest Threat: Chromium accountsfor an
astonishin@5%of thearea'sotalsoilcontaminationWhilethenormallevel
Is100mg/kg,soilshereaverage801.2ng/kg , with extremespikeseaching
up to 2,258.3mg/kg . The EnrichmentFactor showed"extremelyhigh
enrichment,'provingthatthe massivehromiumpollutionis directlycaused
by tannerywaste.

A Zinc (zn): Zinc levelswerealsoalarminglyhigh, averaging29.6mg/kg
andreachingup to 4,540.4mg/kg in somespots,far exceedinghe 200
mg/kg threshold.

A Copper(Cu): Withanaveragef 48.0mg/kg (reachingipto 287.2mg/kg),
coppershowedmoderateto high contaminationlikely from unregulated
wastedumpsandagrebasedndustries.

A Lead (Pb) & Vanadium (V): Leadaveraged5.3mg/kg andVanadium
averaged 15.0mg/kg . Both fell into the "uncontaminatedo moderately
contaminated'tategorieswith elevatedeadlikely comingfrom highway
trafficandindustriaemissions.

A Barium (Ba): Averaging343.1mg/kg , Barium levelsremainedmostly
within naturalimitsandtheareas consideredirtuallyuncontaminatehly it.

Health and Environmental Impacts: Becauséeavymetalsike Chraniumdo
not easilybreakdown,theylingerin the soilandleachinto the groundwaterThis
pollutionhasdevastatetheregion:

A Agriculture: Over 55,000hectaresf agriculturalandin TamilNaduhave
beencontaminated;ostingthousandsf farmergheirlivelihoods.
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A Water Supply: Much of the groundwateis now unusabldor irrigationor
domestiaiseforcinglocalgo traveld to 5 kilometregustto find cleanwater.

A Human Health: High exposureo thesetoxic elementsparticularlyfrom
airbornedustandcontaminatedater hasledto occupationaliseaseis the
areaincludingasthmaskindiseasesndchromiumulcers.

ProposedSolutions The reportstronglyemphasisethat this pollution mustbe
stoppedat the sourceratherthan just trying to cleanit up later,as cleanings
incrediblyexpensiveKey recommendationiaclude:

1. Testing and Treatment: Toxic metalsmust be measurednd treatedin
CommonEffluent TreatmentPlants(CETP) beforbeingreleaseanto the
environment.

2. Pipelines:Alternaively,dedicategipelineshouldcarryindustrialiquidsto
safetreatmentacilitiesawayfrom naturalwaterbodies.

3. Soil Remediation: The most heavilycontaminatedurfacesoil must be
physicallyexcavate@nd movedto hazardousvastelandfills.Additionally,
biologicalsolutionslike bioremediat{osingmicrobes)and phytoemediation

(growingspecificplantsthat absorbmetals)shouldbe implementedo heal
theland.

Reference:

https://www.academia.edu/74230127/Heavy_Metal_Distribution_and_Contamination_in_Soils_of R
anipet_Industrial_Area_Tamil_Nadu_India
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Soil Salinity and Sodicity

Saltaffectedsoilsareaspecifiggroupof soilsthathaveelevate@amountf soluble
salts(salinesoils)or of exchangeabkodium(sodicsoils)thatadverselgffectthe

growth of mostplants.The technicakriteriausedto distinguishsalinesoil from

other sois arethe relativelyhigh electricatonductivityof saturategbasteextract
(ECe>4 dS/mat25°C or ECe>2 dS/m,dependingn theclassificationsed)or

relativelyhighcontentof solublesalt§ TSS>0.150.2%) Howeverthethresholdf

salinityabovewhicha plantwill sufferdeleteriougffectsvariesaccordingo plant
type salttype soilhealtrandfertility. Thetechnicatriteriato distinguistsodicsoils
from othersoilsarethe relativelyhighersodiumadsorptiorratio (SAR)of >13 or

anextangeablsodiumpercentagéESP)of >15.

(Eced ElectricalConductivityTSS3 Total Suspende8olids)

The driversof salinisatiorand sodificationare both naturaland humaninduced
factors Amongthedriversof primary(naturalkoilsalinisatiomndsodificatiorare
climatechangeandrelatedohenomendincreasingridityandfreshwatescarcity,
growingsalinisationf surfacendgroundwateiQr permafrosthawing)increasing
sealevel rise; and tsunamis.Secondaryfhumaninduced)soil salinisationand
sodificatiormayresultfrom irrigationwith poor-qualitywaterjnadequatdrainage
orirrigationmethodsgeforestatioandremovabf deeprootedvegetatioidryland
salinisation)excessivavater pumpingin coastaland inland areasoveruseof
fertilisers useof deicingagentsandminingactivity.

In agriculture humaninducedsal#&ffectedsoils are a challengingnediumfor
growingconventionatropsand if not properlymanaged,ancaussubstantiatrop
damageandadecreasm productivity

Groundwaters often usedto supplywaterfor irrigation.Globally,33 per centof
waterfor irrigationcomesrom groundwaterGlobalgroundwatewithdrawal$or
irrigated agriculturehave been continuouslyincreasingin the twentieth and

twentyfirst centuriesand haveincreasedby 19per centbetweer2010and 2018,
reaching820km3 /yr (FAO, 2022)14.The salinisatiorof groundwaterdue to
overexploitatiowf the aquiferdhasbeenreportedfor both coastabreasaswellas
aridandsemiaridinlandareas.

Insufficientdrainageand salineand sodicwaterare the main cause®f human
inducedsoilsalinisatiom agriculturahreasAround100million ha,or oneézhird of
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allirrigatedareassufferfrom inadequatdrainagef-reshwateris particularhgscarce
in dryregionssobrackislgroundwateandtreatedvastewatareincreasinglysed
for irrigationin waterstressedountries.

Over one billion peopleinhabitingcoastakonesareunderthreatof progressive
floodingandsalinisatioy the endof thetwentyirst centurydueto sedevelrise.
Lowdyingareasvill becomesubmergedhorelinesleterioratefloodsworsenand
estuariesnd aquiferswill becane more saline.Many developingcountriesare
especiallyulnerabldo seadevelrisebecausef their lowdyingterrainandlackof
resourcesto make necessanadjustments.The most vulnerablenations are
Bangladesi€hina,Egypt,andVietham,all of whidh havesubstantigbopulations
in deltaiccoastategiongKulp andStraus2019)

Aridity - a long-term climatic condition characterisedby a severelack of
moisture, where water demand from potential evaporation consistently
exceedsprecipitation.

Arid regionccupyaroundd0 percenbdf thelandsurfac€GaurandSquires2018).

The globalariditytrendmodelspredictthatby the endof the twentyfirst century,
24to0 32percentof thetotallandsurfacanayincreasen aridityunderthe existing
tenperaturdrend(Huangetal.,2016;Parketal.,2018).

As much as 80per centof this aridificationwill occurin developingcountries
(Huanget al., 2016).The SpeciaReporton ClimateChangeand Land of the

Intergovernment&anebn ClimateChangdIPCC)confirmsthatmostglobaland

regionamodelsshowanincreasingrendin aridity(Mirzabaeetal.,2019).

Indiahasasaltaffectecareaof approximatelg.727million ha,or 2.1percenof its
total geographicarea,of which 2.95amillionha are saline and the remaining
3.771million haaresodic(AroraandSharma2017)Gujarat2.23million ha) Uttar
Pradesh (1.37million ha), Maharashtra (0.61millionha), West Bengal
(0.44millionha)andRajasthar(0.38million ha) makeup about75percentof the
countrys saltaffectedsoils(Mandaktal.,2018).

Accordingo ShahidZamanandHeng(2018)17 percenbf thecountryirrigated
agriculturdasexperiencedecondargalinizatiorasaresultof the useof brackish
irrigationwater.lt is difficult to find high-qualityirrigationwaterthroughoutthe

country sofarmersarecompelledo usealot of brackishlgroundwatefor irrigation
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in orderto increas¢he amountof food theycangrowon eachavailabldéectareof
fertileland.

Accordingo groundwateevaluationfetweerB2and84 percentof thecountrys

groundwatesuppliesareof low quality(Minhas1999) Dueto thedevelopmenbf

canalirrigation schemeswithout sufficientdrainagesystemsthe croplandhas
becomeseverelgalinisd. Therearelargesaltaffectedareasn a numberof canal
command¢Mandaktal.,2010).

Continuousseepag&om the canaldhasresultedn anincreasén watertablesthe
movemenbf saltsto the surfacewaterlogginghe developmenodf marshyfields,
anincreasen soil salinity,anda decreasa biodiversityTwo starkexamplesre
thesalinisatiof roughly0.18million hain the Rajasthanegionwithinafewyears
of theintroductionof irrigationprojectsandthesalinisatiof roughly0.37million
haoverthe courseof threedecades the Shardé&ahayakKanalCommandegion
of Uttar Pradesi{Singh2009).The possibilityof degradatioms presentin many
more siteswith highquality aquifersas a resultof unsustainablgroundwater
extraction.The saltaffectediandsin India keepgrowingat an annualrate of 10
percentasaresultof theinstallatiorof irrigationin newlocationgPatelPateland
Dave,2011;Jamiletal.,2011)If no preventiveor ameliorativeactionsaretaken,
SharmaSinghandSharmg2015)redictedhatby 2050 the saltaffectedregions
will increasérom 6.74to 16.2million ha.

Reference:

(https://openknowledge.fao.org/server/api/core/bitstreams/32d3bdBPO4f549163
70f55039dbb9/content
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Scaleof Problemin Tamil Nadu - CaseStudy

Out of Tamil Nadu's13 million hectaresof total land, roughly 5.8 million
hectaresareusedfor farming.Howeveragricultures severelyhreatenedby salt
affectedsoils(sodicandsalinesoils) whichcoverabout4.69lakh hectaresacross
thestate.

Thefinancialndagriculturaloll is heavythe statdosesl.47lakh tonnesof crop
productioneveryyear,which equalsa massivemonetaryloss of 1,378million

rupees In the Tiruchirappalldistrictalonethereareover18,00thectaresof salt
affectedand.

Groundwater Quality Data: Extensivetestingof groundwateracrosshe state
revealshatwhile73.2%of wateris of good quality, 21.1%s moderatelysaline
(salty), and5.7%is highly saline. In certaindistricts the problemis worsefor

examplein Tiruchirappallipnly 61%o0f the water is consideredgood, with the
restsufferingfrom varioudevelsof saltandalkalicontamination.

How Salt Levels Affect Crop Yields: Researchergstedhow different crops
survivein soilswith high Exchangeabl8&odiumPercentagedESP),whichis a
measuref salt/alkaliseverity:

A Rice: Thevariety TRY 1' is highlytolerantto salt,producingan excellent
yield of 6,767kg per hectare at a moderatesalt level (ESP 16.5)and
maintaining strong6,042kg per hectareevenathighsaltlevelf ESP35).

A Pearl Millet: This crop strugglesimmenselyas salt increasesYields
plummetedrom 1,841kg per hectarein low-saltsoils(ESP8) to just73kg
per hectarein extremesaltsoils(ESP438).

A Sunflower& Okra (Bhendi): For both crops,the safesaltlimit is an ESP

of aboutl3to 16.5If thesaltconcentratiomneacheanESPof 30to 37, crop
yieldsarecutexactlyin half (a50%loss).
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SuccessfuSoil Treatment Solutions To fix thesébadsoils fwo majortreatments
weretestedandprovenhighlyeffective:

A

Gypsum Application: Adding gypsumto the soil reducedthe harshpH
leveldrom 10.0downto 8.3 anddroppedhesoilsaltpercentageSP)Yrom
42%down to 13% This soil recoverypoostedriceyieldsby 1,674to 2,300
kg per hectare

Distillery SpentWash (DSW): Applying5 lakh litres per hectareof this
sugarindustrybyproductreducedsoil pH from 10.0to 8.3and ESPfrom
32%to 14% It actedasapowerfulfertiliserincreasingceyieldsoy 1,560
2,428kg per hectare with totalyieldsreachingip to 5,940kg per hectare

SmartWater Management& Drip Irrigation : Usinglimitedwaterefficientlyis
crucialn saltaffectedegions.

A

SugarcaneUsingdrip irrigationat an 80%evaporatiomateresultedn the

highestaneyieldof 102.96onnesper hectare Thismethodusednly1,158
mm of water comparedto the 1,500mm usedin traditionalflooding,
resultingn a22.8%water saving

Vegetables:Comparedo traditionalflooding,drip irrigationsaved38% of
water for cluster beans 28%for okra (bhendi) and onions, and40%for
cowpeas

Mixing Water SourcesWhengoodcanalvateris scarcefarmerscanmix 1

partgoodcanalvatemwith 1 partsaltygroundwateiRelyingonlyon saltywater
Isdangeroussit wasshownto reduceiceyieldsby 25% greergramyields
by 37% andbrinjalyieldsby 20%

Financial Impact on Farmers Implementingthesesoil and water treatments
transformedhelocaleconomyn testareagike the Manikandanblock:

A

Incomes Doubled: Farmers'net income surgedfrom Rs. 34,275per
hectarebeforereclamatiomo Rs. 64,50Qoer hectareafterfixingthe soil.

Better Returns: The Returnon InvestmeniBenefitCostratio) grewfrom
1.22up to 1.95 meanindgarmeranadealmostdoubletheirmoneyback.

[138




A Higher Overall Production: Totalriceproductivityin theareancreasety
32.2680, reachinganaveragef 6,080kg per hectare Furthermoreshifting
to anintegrated~armingSystenjcombiningropswith poultryandfisheries)
pushedhe Returnon Investmentvenhigherto 2.36

Reference:

https://cssri.res.in/PSSU/Publications/AICRP/19.%20Book%202
25%20years%200f%20Research%20at%20Trichy.pdf
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Pesticide Consumption
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Tamil N a d pésteide consumptiorhasbeenincreasingteadilyfor the past5
years.

Agriculturereliesheavilyon chemicapesticideso manageestsandsecurdood
suppliedor a growingglobalpopulation,but this intensive usage has severe
repercussions for human health and the entire ecosystem Pesticide
contaminatioraccountsfor approximatel\25% of global soil degradatiorand
contributeso 30% of biodiversityossin agriculturdandscapeén estimatethree
million peoplearepoisonecannuallyprimarilyin developinghations highlighting
a criticalneedto understandhe prolongedenvironmentahdndecologicaimpacts
of thesechemicals.

To assesgpesticidepollution in Indian agroecosystemssearchersonducteda
systematicliterature searchof studiespublished between2012and 2023using
databasdge ScopusWebof ScienceandPubMedThemethodologyocusedn
extractingguantitativedataregardingpesticideesiduesn soil, surfacewvater,and
groundwateacrosvariousegionf India.

PesticideUsagein Indian Agriculture

India is the world'sfourth-largestproducerof agrochemicalsyith insecticides
accounting for 65% of domestic consumption. Usagds drivenby agricultural
intensificationclimatechangepestpressuresand a lack of awarenessegarding
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alternativedike IntegratedPestManagemenfiPM), thoughthereis a slow but
growingshifttowardbiopesticideandorganidarmingin somestates.

| n d coastngptiorof pesticidess about0.5kg perhectargwhichis significantly
lower thanin other nationssuchasJapan(12 kg per hectare)Korea (6 kg per
hectare)and the USA (4.5 Kg per hectare) Among the worldwide pesticide
productionof 2 milliontonsannuallylndia® consumptiorstandatamere3.57%.
In India,pesticideareappliedo only25% of thetotalcultivatedand whichcovers
16.7 million hectaresbut this limited usagehas had significantenvironmental
repercussions.

Classification of Pesticides

Pesticidesre categorisedtby their chemicalconstituentanto Organochlorines
(OC), OrganophosphateqOP), and Carbamates Organochlorinefike DDT)
arehighlybioaccumulativendpersisin theenvironmentwhileOrganophosphates
and Carbamatesact by inhibiting essentiahervoussystemenzymesThey are
additionallglassifiethytheirtargeorganismge.g.herbicidedungicidesandtheir
hazardootentiako humans.

Environmental Fate of the Pesticides

Only aboutl10%of appliedbesticideseacttheirtargetwhile20-70%settlein the
soil aspersistentresidues. Fromthesoil ,theyleachinto groundwaterun off into
surfacewvater,or vaporizeinto the atmospheregllowingthemto contaminatehe
environmengloballydependin@n localsoiltraits,chemicasolubility andclimatic
conditions.

( sun )

Photodegradation

Metabolic
degradation i

ra
Plants and
trees

Hand pump &
Tubewell

Groundwater
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PesticideContaminationin the Indian Context

Despitelower perhectareusagecomparedio developednations,india faces

widespreadpesticide contamination in its soil, rivers,and groundwater. This

persistenpollution severelyhreatenssoil fertility, microbialbiodiversity aguatic
ecosystemandthe safetyof drinkingwaterandagriculturatood productsacross
thecountry.

Health Effects of Pesticide

Humanexposurehroughoral,dermalor inhalatiorrouteslead€o a spectrunof
severehealthissuesShortterm exposurecausesacute poisoning symptoms
like nausea,dizziness,and respiratorydistress,while long-term exposureis
linked to various cancers, neurological damage (such as Parkinson's
disease).endocrinedisruption, birth defects,and infertility.

Impacts of Pesticide Residueson Biodiversity

Becauséheybioaccumulatandbiomagnifyup the food chain,pesticidescause
devastating secondarypoisoning to top predators and non-target species
Pesticideexposurehasbeendirectlylinked to massiveglobaldeclinesn insect
biomassfarmlandbirds, aquaticinvertebratesamphibiansand vital agricultural
pollinatordike honeybees.

Monitoring and Managementof Pesticides

Effectively addressinghis pollution requiresadvancedanalyticalmonitoing
methodslike GC-MS and HPLC. Management must rely on Integrated Pest
Management (IPM), which prioritizes biological control and biopesticides
over chemical interventions, alongsidemployingbioremediatiotechniqueso
activelycleancontaminatedoilandwater.

Regulatory and Policy Framework India's regulatorysystem,guidedby the
InsecticidesAct of 1968, requiresurgent, holistic reforms, including stricter
enforcement of bans on hazardous chemicals, transparent registration
processesand improved worker protection. Policiesnustprovidefinanciaknd
educationasupportto transitionfarmerstowardsustainablagricultureandalign
domestidawswith internationasafetyconventions.
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Future ResearchDirections Futurescientificefforts mustfocuson developing
highly accuratebiosensorsfor trace residuedetection and exploring natural
plant or microbial compounds to create safe, biodegradable pesticide
alternatives Furthermore,researchshould prioritize predictiveenvironmental
modelinganddiscoverindiomarkergor the earlydetectiorof pesticideoxicityin
humans.

Reference:

https://www.sciencedirect.com/science/article/pii/S2214750024001847

https://chemicals.gov.in/sites/default/files/inlifdes/Glance2025 1.pdf

The Scopeof Contamination in Tamil Nadu

Extensivetesting acrossmultiple districtsin Tamil Nadu has revealedsevere
contaminatiom both surfacavater(usedor irrigationanddrinking)anddeepsoill
profiles.

Surfaceand Irrigation WaterPollution

A Northern Agricultural Zones (Coimbatore, Erode, Pollachi, Bhavani):
Surfacarrigationwatersare heavilypollutedwith organophosphate$ests
detectedichlorvos at 4.421ug/ml andChlorpyrifos at 1.329ug/ml .

A Thamirabarani River System:RiverwateracrossManimutharTirunelveli,
SrivaikuntamAuthoor, and Punnakayahowsalarmingevelsof multipe
toxic pesticidesT'he mostprominentis Endosulfan, found at levelsup to
34.4470Q g /alongsid&ldrin (up to 2.378Q/1), Endrin,DDT, BHC, and
Cypermethrin.

A KanyakumariDistrict: Agriculturaburfacevaterherecontainsahazardous
cocktailof OrgarochlorinepesticidesincludingHCH (up to 6.99ng/L),
DDT (upto 7.12ng/L), andEndosulfan.

Soil Contamination

A Tiruvallur District (Pakkam Village): PesticideBaveeachedieepintothe
earth.Soilsamplesip to 40 cm deepshowedextremelhigh concetrations
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of &-endosulfan(0.634.6mg/g) andA-endosulfan(0.333.1mg/g) , along
with BHC,DDE, andcyfluthrin.

South-WestCoast(including Kanyakumari): Coastahndagriculturagoils
are burdenedwith persistenthemicalsTestsrevealedDT (up to 148
ng/g) , HCH (up to 123ng/g) , and significantamountsof Heptachlor,
Endrin,andAldrin.
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Area of tree cover loss within 2001 primary forest extent

From 2002to 2025,a total of 87 Mha of humid primaryforestwaslost globally,
makingup 16%o0f totaltreecoverlossin the sameperiod.Thetotal areaof humid
primaryforestdecreasegloballyby 8.0%in thistime period.
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From2001to 2025, there was a total of 540 Mhaof tree cover lossglobally,
equivalento 14%of the 2000treecoverareaand230Gt of COFemissionslhis
doesnot accounfor gaingn treecoveroverthe sameperiod.

From2001to 2025 Jndialost370khaof humidprimaryforest,makingup 15%of
its totaltreecoverlossin the samdime period.Totalareaof humidprimaryforest
in Indiadecreasehly 6.0%in thistime period.
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In 2020)ndiahad44 Mhaof naturalforest,extendingover15%o0f its land area.
In 2025]t lost140khaof naturaforest,equivalento 63 Mt of COFemissions.

From2001to 2025 |ndialost2.4 Mhaof tree cover equivalentto a7.0%of
the 2000treecoverareaandl1.4Gt of COFemissions.

From2000to 2020)ndiagainecamerel.8Mhaof treecover equato 1.0%o0f the
globaltotal. Indiaranks8th in the world afterRussigd37 Mha),Canadd17 Mha),
USA(14Mha),Brazil(8.1Mha),China(6.7Mha),Indonesig4.9Mha)andThailand
(1.8Mha).

(Thefiguresarebasedn satellitamagegetchedfrom GoogleSatelliteLandsaB
andSentinelR.)

In 2020,TamilNaduhad2.0Mhaof naturaforest,extendingver13% of its land
arealn 2025jt lost2.8khaof naturaforest,equivalento 860kt of COFemissions.

Reference:

https://www.qglobalforestwatch.org/dashboards/global/
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Casestudy

Organic Farming

ComparativeAnalysisof Organic Agricultural Transitions:Skkim& Strategic
Successgs. SriLankas Implementatiorrailures

Sikkimisthe only statethathasbeenawarded 00%organidoytheU N d~sodand
AgricultureOrganisation.

Sikkin® successvasnot a byproductof a singulardecreebut the resultof the
"SikkimOrganicMission,"a meticulouslyphasedgolicyalignmentThe transition
wassupportedy amultragencypproactihatprovidedsocieeconomiduffering
andfiscalsustainabtl to farmers.

Sikkim®& Institutional SupportMatrix

Agency/Entity

SIDICO

Rolein Agricultural Transition

Provisionof softloansandseedcapitalmanagemertf the
ChiefMiniste® SelfEmploymentSchemedo supportrural
entrepreneurship.

Agriculture and
Horticulture
Departments

Technicaleadfor policy implementationgigorousorganic
certification protocols, and largescale farmer training
programs.

Directorate of
Handloom &
Handicrafts

Facilitating livelihood diversificationby institutionalisin
traditionalarts/crafts as highvalue supplementaryncome
sources.

Technical Pillars of Sikkim& Success:Indigenous Knowledge (ILK) and

Adaptation

A definingcharacteristiof Sikking transitionwasthe integratiorof centuriesld
IndigenousLocal Knowledge(lLK) to counterheatstresserraticrainfall,and
frequentpestattacksdentifiedin recentclimatesurveys.
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A

Fertility Management:Farmeratilisedhegotlifarmlanccowshed$ystem,
which allowsfor directnaturalmanuringof fields. This wascoupledwith
systematicrop rotationto maintainsoil nutrientprofileswithout synthetic
dependency.

Moisture Conservation: To mitigatethe impactsof water evaporation
during dry spellsthe "mulching"processvasformalised specificallyfor
gingen coveringhesoilto maintairhydration.

PestControl: The preparatiorof bio-fertiliserdrom collectecanimalurine
provideda localisedlow-cost substitutefor syntheticpesticidesensuring
biologicakystenstability.

Mixed Farming asRisk Mitigation: By plantingacombinatiorof banana,
orangegingerandmillet,farmerscreatedresilientagrariacosystenThis
modelwasenhancedy plantingBroom grassand Bamboo atfield edges;
theseservethe dualpurposeof providingfodderandeconomiovaluewhile
checkingsoil erosionvelocityduringmonsoons.

Infrastructure and Water Security: The MGNREGA and SHG Models

Sikkin® policymakerglentifiedwatersecurityasthefoundationainfrastructuréor
organicviability. With 80% of the population dependingon traditionalsprings
(jhorgstheir"scientificrejuvenationbecame statepriority.

A

Revival of Springs: UnderMGNREGA, the stateimplemented "smaller
digs" programto rechargaundergroundost springs.Thesetrencheswvere
constructedusing a precise6:4:2 ratio (length:breadth:depthd retain
runningwaterandfacilitatepercolationnto permeablground.Thesesprings
havetransitionedrom dryingassetito lifelinesfor thelocaleconomy.

Community-Based Institutions: SelfHelp Groups (SHGSs),the North-
EastRuralLivelihoodsProject(NERLP),andCapitalDevelopmenGroups
(CDGs)actedasvital intermediaries heseinstitutionsmanagedhe socic
economicstres®f thetransitionperiod .ensuringhattheshiftto organiaid
notleadto ruraldisplacement.
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Macroeconomiclndicators of Transition Stability

Contraryto thenarrativeahatorganidransitiongeadio economicollapseSikking
primarysectordemonstratedemarkablesectoratesilienceThe shift from cereal
cropsto highvaluecashcropsensuredhatfiscalsustainabilitwasmaintained.
Growth of Sikkim®& Primary Sector(20182024)(At Currerericei  Cr)

Year AgricultureSectoiGSVA (Primary)
201D12 901.371Cr
202324 (Estimate) 3,787.7@r

Key Economic Observations:

Betweer201D12and202323,the primarysectomwitnessed CompoundAnnual
Growth Rate (CAGR) of 12.66% the fastestgrowth rate amongall economic
sectorgn the state.Thisrobustexpansiommccurreddespite the complexities of
the organic transition, provingthata phasedstatesupportednodelcanachieve
highvaluegrowth.

ComparativeSynthesis:PhasedTransition vs. Abrupt Implementation

Thefollowingtablecontrastshestrategianstitutionalizedpproaclhof Sikkimwith
the catastrophipolicyabruptionobservedn the SriLankancontext.

ComparativeAnalysis: StrategicPhasingvs. Policy Abruption

Sikkim (StrategicSuccess) SriLanka (Contextual Contrast)

Phased implementation through the
"Sikkim Organic Mission" (transitior
overadecade).

Abrupt, overnight ban on chemica
fertilisersvithouta phasedvithdrawal

Deep integration of centuriesold Disregard for localised traditiona
Indigenoud_ocalKnowledggILK) asa substitutesndlackof preparatiorfor
technicabubstitute. farmers.
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Statebacked financial safety nets and Absence of localised adaptatiol
livelihoods buffering strategiesr fiscalsafetynetsfor crop
(SIDICO/MGNREGA). failure.

Rapid policy shift leading to
agricultural disruption and lack of
internationatetification.

Institutionalisedrganiccertificationand
continuoudarmertraining.

Livelihood Sustainabilityand Climate Resilience:The Way Forward

Sikking trajectoryemphasisesmovetowardhighvalueorganiccashcrops,such
asLarge Cardamom (Badi elaichi) andginger, usinghybrid organicmethods.
This diversificationawayfrom low-yieldcerealsiepresenta sophisticatedhodel
of rurallivelihoodsustainability.

StrategicTakeawaysfor Policymakers:

1. Mandatory Community Participation: Successis contingent upon
involving femaleled organisationsind communitybase groupsto foster
localaccountability.

2. EcosystembasedAdaptation: Futurepoliciesmustfocuson eccfriendly,
affordablemethodsof monetising existing natural resources(e.g.water
harvestingndNTFPslike bamboo}o bolstertheruraleconomy.

3. Institutionalized State Action Plans: Rural resiliencamust be codified

througha "StateAction Plan"that combinesscientificspringrejuvenation
with practicatrainingto reduceclimateinducedvulnerabilities.
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Urban Tree Plantation

Variousscheneshavebeeninitiatedon behalfof the Governmentof TamilNadu
to promote tree growingin urban areas.Someof the importantgovernment
schemes thisregardare

GreenTamil Nadu Mission: Launchedn 202223, this flagshipschemeof the
TamilNaduGovernmenhasthe objectiveof increasinghe forestandtreecover
which standsat about 24% of the total land areaof Tamil Nady to 33%.
(www.greentnmission.com

The missionallowscitizensto procuretree samplesfor FREE by diallingthe
numberl8006997634

TBGPCCR(Tamil Nadu Biodiversity Conservationand GreeningProjectfor
Climate ChangeResponse)increasingreedensityin urbanandperturbanareas
and strengtheningdpiodiversityconservatiorare the primaryobjectivesof these
schemeghttps://tbgpccr.tn.gov.ihn

Tamil Nadu Climate ChangeMission: This schemas alsooneof the flagship
programsof the Governmentof Tamil Nadu. It is being implementedby
incorporatinggreeningactivitieswith the aim of mitigatingthe adverseeffectsof
climatechangethttps://tnclimatechangemissior).in

The GoTN hasformulatedccertainprocesse®r urbantreeplantatiorthatinclude

A Selectiomndpreparatiorf nursensite,

A Selectiomf seedlingpagspreparatiomf soil mixture
A Seedselectiorandseedreatmentnethods

A Sowingmethods

AMethodsof transferringgerminatedeedso bagdilled with soilmixture
A Careaftertrarsplantinrom motherbedto bags
AWateringandmaintenance

A Diseasandpestcontrol
APreparingaplingbeforeplanting

A Siteselectiorfor planting

A Soiltestingandpreparation

APitsizesanddigging
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APreparationf soilmixtureandotheradditives
APlantingnethodsandtechniques

A Supportstructuresindprotectionof saplings
AWateringnethodgpostplanting

A Fertilisatiorandnutrition management
AWeedcontrolandsoilmaintenance
APruningandshaping

A Diseasandpestattackmanagement
ALongtermplannednaintenace

It hasalsolistedthelist of treespecieshatarebestfit for TamilNadu.

Suitablefor Urban Large Suitablefor Urban Small
Roadsides Roadsides

Neem(VeembBu CustardApple(Seetha
IndianBeech(Pungan WhiteCedar(Thulukaaeembu
Siris(Vaagai GuavaKoyya
ScholaiTree(Ezhalaippaglai IndianBeech(Pungan

Pink CassigKarungongdrai Amla(Nell)

Sacredrig (Arasi) SedHibiscugAathuvadri
BulletWood(Magizham BulletWood(Magizham
Alexandriariaurel(Punndi Bael(Vilvan)
Cannonballree(Naagalingam PurpleBauhinigMandhaalai
Sausagéree(SivaKundalanetc. IndianCork Tree(Marama)lietc.
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Flowering Tree SpeciesSuitablefor | Tree SpeciesSuitablefor Birds in
Urban Parks Urban Areas
GoldenShoweiTree(Sarakkondjai | Jamur(Naaval
BulletWood(Magizham Jujubgllanthai
Peacoclklower(MayilKondrai Sacredrig (Arasi
PurpleBauhinigMandhaalai Amla(Nell)

Hong Kong Orchid Tree(Aathj Banyar{Aal)
WhiteMarajai(Kallch) Sulundu
Sandalwoo@Ganthanam Flameof the Forest(Purasu
PortiaTree(Poovargsu BambooMoongil
Neem(Veembu Gmelina[Kumizh

IndianCork Tree(Maramal)li GuavaKoyya

Tree SpeciesSuitablefor Agricultural Landsin Urban Areas:

MalabaiNeem(MalaiVeembu
KadambgKadambu
Mango(Mag
MahoganyMahagani
Neem(VeemBu
Teak(TheeKu
BambooMoongil

Amla(Nell)

Jackfrui(Pala

Reference

https://res.cloudinary.com/djgk7xrmf/raw/upload/v1766083556/tn
forest/publications/jlug4yeblyurkj71e0h0.pdf
https://tbgpccr.tn.gov.in/bgpccr_api/uploads/pdfs/ TBGPCCR_UTP_Manual.pdf
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Tree Outside Forest

World HealthOrganisatiofWHO) recommendethateverycity needgo provide
aminimumof 9 squarenetresof urbangreenspacdor eachpersonprovided
thatit shouldbeaccessiblsafeandfunctional.

Tree Outside Forest (FSI 2021)

S1.No. Country / State Area (in Sq.km) %
1 India 95748 2.91
P2 Tamil Nadu 4424 3.40

WHO alsosuggesthat anidealamountof urbangreenspacecanbe generously
providedwith 50squareneters/persoFAO, 2021).

Green SpaceChennaid 0.81sg m & Puned 1.40sg m. flUrban Regional
DevelopmentPlans Formulationand Implementation(URDPFI), Ministry of

HousingandUrbanAffairs, Governmenof Indiaguidelines2014recommend.0

to 12sg.mt.openspace/persai

India’s Metropolitan Cities Green cover (%)

Gandhinagar 53.90
Chandigarh 35.70
Pune 28.50
Ahmedabad 24.00
Bhopal 22.00
Chennai 15.67
Nagpur 12.80
New Delhi 11.90
Kolkata 7.30
Bangalore 6.85
Hyderabad 5.00
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Tree Speciedolerantto Sox(Sulphur Oxides)

SOx absorbent
Scientific Name Common Name Tamil Name Capacity (%)
Albizia lebbeck Indian siris AUTENS LOJLD 0.266
Albizia saman Rain tree / Saman SITEIGLPEH LOTLD 0.260
Bauhinia racemosa | Purple orchid tree S5 LOTLD 0.258
Ficus religiosa Peepul tree SIJF LOJLD 0.247
Syzygium cuminii Jamun tree [BT6U6L LOJLD 0.238
Tamarindus indica Tamarind yefl oyLd 0.237
Terminalia catappa |Indian almond tree | BTL(5 6UTSIENLD LOJLD 0.221

Tree Speciegolerantto Nox (Nitrous Oxides)

Common NOx absorbent
Scientific Name Name Tamil Name Capacity (%)
Michelia champaca Champaka FLOLISLD LDIFID 6.56
Peltophorum pterocarpum | Copper pod @uled AUITENE LOJLD 6.35
Polyalthia longifolia False ashoka GBLIgadIEISLD LDFLD 6.21
Pongamia pinnata Indian beech LBI6m& LDJLD 5.93
Spathodea campaniculata | African tulip GamfléQameatienL LDFLD 5.79
Syzygium cuminii Jamun [BT6UED LDJLD 5.67
Tamarindus indica Tamarind yerfl ogid 5.56
Thespesia populnea Indian tulip L6uJ& LOJLD 5.56
Terminalia catappa Indian almond BT (5 EUTHIENLD LOJLD 5.30
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Tree Speciedolerant to PM2.5/PM10 (Dust)
Dust fall
efficiency
Scientific Name Tamil Name (mg/cm?)
Tectona grandis Teak Bxd @ LOTLD 0.444
Neolamarckia cadamba | Kadamba tree &L LD LDJLD 0.394
Alstonia scholaris Blackboard gJLilemevLl LIT6m6V LDJLD 0.385
Terminalia catappa Indian almond BTL(H 6UTHIENLD LOJLD 0.385
Thespesia populnea Indian tulip tree LauT& LDJLD 0.344
Delonix regia Flame tree GaFwwullh GETeiem b 0.333
Ficus religiosa Peepul tree SITF LDJLD 0.309
Pelto. pterocarpum Copper pod Buied TN LoJLD 0.304
Tree Speciedolerant to sewage/effluentpollution
Scientific Name Common Name Tamil Name
Pongamia pinnata Pungam LrBléng LOJLD
Dalbergia sissoo Shisham &g LO[ID
Terminalia arjuna Arjuna / Arjuntree | G6u6sdt OB LOJLD
Syzygium cumini Jamun tree BITEUED  LDJLD
Pterocarpus marsupium Indian kino tree Geulena LoJLD
Tecomella undulata Desert teak uTensveuesT Bga @ LoJLD
Annona squamosa Custard apple &SI LDJLD
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Treessuitable for Carbon Sequestrationn Urban Areas
Photosynthetic
rate
Scientific Name Common Name Tamil Name (M mol. m2s™)

Dalbergia sissoo Shisham &la b 21.56
Terminalia arjuna Arjuna / Arjun tree (Q6u6BHT LO(HG) LOLD 20.85
Gmelina arborea Gambhar / White teak | &P ogip 20.01
Pongamia pinnata Pungam L{BIen& LDJLD 19.97
Azadirachta indica Neem Geuliy LogLd 18.55
Nelolamarkia cadamba | Kadamba &L_LDL| LDIJLD 18.00
Mitragyna parvifolia True Kadamb 16 J& &L LDLI LOJLD 17.74
Pterocarpus marsupium | Indian kino tree Geurelenss LOTLD 17.39

Humansconsumebout550Iitresof pureoxygemerday.Onebigtreeprovidesa

d a wup@yof oxygerfor four pele.

Economic value with respectto oxygen production of one healthytree is

goproximatelyrs23,72,50,000eryear.

Tree Plantation with Oxygen capacity

1. Ficusbenghalens(s ) (34tonneg halyr)

2. Azadirachtandica( ) (33tonned halyr)

3. Ficusreligiosq ) (30tonned halyr)

4. Terminaliarjung ) (28tonned halyr)

5. Aeglemarmelog ) (28tonned halyr)
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Growth of Farm Forestryand Agroforestryin India 8 ITC CaseStudy
Contextand Regulatory Shift

A Policy Catalyst:TheNationalForesPolicy(NFP)1988shiftedfocustoward

conservingaturaforestsandmandatethatwoodbasedndustriesouldno
longerrelyon stateforestsfor rawmaterials.

Industry-Farmer Collaboration: The NFP 1988explicitlyrecommended
that industrial raw materialrequirementshould be raisedby industries
collaboratinglirectlywith farmersandprivateentitiesThisprompted TC to
activelyenableandencouragaeegrowingon agriculturalands.

Industrial Raw Material Transformation: Thebroadeimpactof thisshift
acrossheindustrywasmassiveny 2013 ]ndianpulpmillssourceanly 13%
of theirwoodfrom naturaforestscomparedo astaggerin§0%in 1990.

Technological and Operational Interventions

A Tree Improvement Programme (TIP): Launchedby ITC in 1989,TIP

focusedon genetidmprovementso createsitespecific highyielding,and
diseaseesistaniplantingstock. Over a 10-yeardevelopmenperiod, ITC
successfullgtabilisedand transferred'I TC/Bhadrachalanctlones”to the
field, comprising107 clonesof Eucalyptus,12 of Subabul,and 15 of
Casuarina.

Productivity Breakthrough: The introductionof theseclonalplantations
yieldeda 400%increasein productivity comparedo the traditionalseed
baselantationgrevioushavailable.

Scalability& Footprint: Betweer2001and2015])TC singlehandedlyaised
over2,50,00thectaresof farmforestryplantationgcrosg elanganandhra
PradeshiyladhyaPradeshyttar PradeshandKarnatakaT his standsasone
of the largessingleagencynterventionsn TreesOutsideForestdTOF)in
India.
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A National Context: Acrossthe wider paperindustry,the Indian Paper
ManufacturersAssociation(IPMA) estimatedthat 7,40,000hectaresof
plantationsvereraisedn variouspulp andpapeé mill catchmentbetween
200502 and201415,with privateandgovernmenhurseriesupportingan
equalolumeof landoutsidereportedcatchments.

Structural Comparison:Farm Forestryvs. Agroforestry

The casestudydelineateshe structuraldifferencedbetweenthesetwo landuse
systems:

A Farm Forestry: Involvesgrowingtree speciegxclusivelyn blockswithin
agriculturabr farmlandsmeaninghe crop compositiorconsistentirelyof
trees.

A Agroforestry:A mixedcropsystenwheretreesaregrownalongsidsuitable
agriculturatropson a widerspacingrameworkor alongfarm bunds.In a
broadeicontextagroforestrjunctionsasastrategienodelor subsebf farm
forestry.
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The ITC Intercropping AgroforestryModel

ITC developedandvalidateda highly profitablemixedcrop modelalongsidehe
CentraResearcinstitutefor DrylandAgriculturg(CRIDA), primarilydeployedn
TelanganandhraPradeshiJttar PradeshPunjabandHaryana.

A Spatial Design: In AndhraPradestand Telanganahe Eucalyptusbased
modelusesa pairedrow systenspacedt 1.5mx 1.0m.Eachpairof rowsis
separatetdly an8.5mstripfor crops.

A Land and Density Equivalence: This configuratioraccommodate®,000
trees/ha, whichmatcheshetreedensityof atraditionablockplantatior(3m
x 1.5m).Thelandallocations splitinto a25:75ratio (25%for treesand75%
for agriculturatrops).

A Alternative Designs: For Poplartreesin northernstatePunjabHaryana,
UP), a layoutof 5m x 4m is utilised while other variationsplanttreeson
bundsat2mintervals.

A Economic Advantages:Agriculturalcrops (e.g.,mustard,maize,cotton,
wheatpulsesprovideannuaincome whilethe treesareharvesteevery4
yearsThisstaggererevenuanitigategotal cropfailurerisksfrom droughts,
floods,or pests.

Overall,this modelimproves land profitability by 60570% over a 4-year
cyclecomparedo utilisingthe land solelyfor monoculturgreesor annual
crops Consequenthagroforestradoptionn AP andTelanganaurgedrom
500ha/annumin 2011to roughly7,00Cha/annumin 2016.
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Growth Drivers vs. Inhibiting Factors

Thesuccesef farmforestryis heavilydictatedoy statelevelregulatoryoliciesand
ecologicdimitations.

Growth Drivers
(e.qg., AP,
Telangana)

Regulatory
Simplification:
Streamlined laws
regardingreefelling
and transit
restrictions.

Land Assets;
Availabilityof viable
land holding sizes
with good soil
quality.

High  Enterprise
Levels: Active,
commerciallydriven
farmer participatior
due to strong farm
gateprices.

Inhibiting Factors/ Constraints

Restrictive Bureaucracy: In Madhya Pradesh
Chhattisgarhand Jharkhandfield-Hlevel failuresto ease
fellingandtransitpermissionseverelglowedyrowth.

Geographic Constraints: Large contiguoustracts of
forestsandrockyareasn centralstategestrictedeepsoil
availabilitfminimuml meterdepthrequired).

Anti-Competitive Protectionism: Tamil Nadu bannec
exportingfelled/debarkedcucalyptusout of the stateto
protectlocal industris, driving farmgate prices20525%
lowerthanin neighbouringtatesandstiflinglocalsupply.

Robust Industrial
Demand: Market
driven wood supply

networkdookingfor
reliable industria
logs.

Negative Environmental Perceptions: Misconception
about Eucalyptusdepletinggroundwateicausedhegative
plantingtrendsin Karnatakaculminatingin a stateban,
despiteNationalGreenTribunal(NGT) rulingsprovingit
consumekesswaterperbiomassinitthanmanyalternative
crops.
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Environmental and Climate Benefits

A Carbon SequestrationMetrics: Farmforestryhelpsrecharggroundwater,
preventsn situ soil erosion,enrichessoil throughleaflitter, and captures
carbon.In 2009,ITC registeredh 3,076hectareplantationin Khammam
(TelanganasaClearDevelopmenMechanisnffCDM)reforestatioproject
underthe UNFCCCKYyoto Protocol By DecembeR012thissinglanitiative
secured,03,61@ertified Emission Reduction (CER) carboncreditsfor
the20052009period.

A CorporateScale:An independenaudt by Ernst& YoungLLP confirmed
thatITC'stotalfarmforestrynetwork(spannin@25,00tha)sequesteresi 12
million tonnes of Carbon Dioxide duringthe 201916 assessmelryear
alone.

A Forest Certification: Farmersin Telanganaand Odisha have adopted
voluntaryforestcertificationbenchmarkintheirmanagemertgainsglobal
legal/statutorystandardsgiving their timber a premium"niche value"in
globalmarkets.

Reference:

https://moef.gov.in/uploads/2019/04/EXPERTCOMMITTEE-REPORTON-TOF-
18112018 0.pdf
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CaseStudy 2: Growth of Agroforestryin Haryana
Introduction and Historical Context

A Geographicand Climatic Profile: Haryanas a smallnorth Indian state
exhibitingvariedclimatezonesrangingrom moistsubtropicalin thenorth
to aridzonesn the south.

A Agrarian Dominance: Morethan80%of Haryana'andareds underactive
agriculturatultivation.

A Initial Deficit: Carvedutof Punjatin 1966thestatenitiallysufferedrom
a severelack of natural forest resources.Early afforestationdrives
concentrateg@rimarilyon statemanagedtrip landsalongsideoadscanals,
railwaysandinstitutionalpropertiego fulfil basicneeddor fuel,timber,and
fodder.

Evolution of Socialand Farm Forestry

A Shiftin Strategy:Earlydepartmentadctivitiesfailedto gaintractionwhen
theyonly providedtechnicahdviceandplants A breakthrouglhappenedh
the early1970svia the "CrashSchemdor RuralEmployment,'wherethe
forestdepartmentissumedull financialand operationatesponsibilityfor
plantingtreeson privatefarmlandst zerocostto the owner.

A Externally Aided Influx: To scaleup nonforestlandresourceghe state
deployedonsecutivéoreignfundedprograms:

Socidtorestiyroje¢il98291):Supportedy the World Bank.
AravalliProje¢199299).Supportedy the Europeartnion.
HaryanaCommunityrorestryProjeci{199808): Supported by the
Europearinion
IntegratedaturalResour8evelopmé&rbjeq200411): Supportedoy
JICA.

C«C C¢

C«

A Modern Planting Paradigm: Historically,75% of stateefforts reliedon
distributingreesaplingsiwhichsufferedrom low survivaratesin 2012313,
thedepartmentestructureds strategyo handlethe physicaplantingitself.
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SmallandmarginafarmergeceiveclonalEucalyptuplantingfreeof charge,
with broaderstatefunded plantingexpandednto waterlogge@onesand
highwaypollutioncontrolbuffers Plantation®n nonforestlandsnowmake
up 60%of all forestryactivitiesn Haryana.

The Enabling Regulatory Environment

Theunparalleledoomof agroforestryn Haryanas fundamentallgttributedio a
highlyprogressivahandsoff regulatorycosystem:

A Exemption from Felling Permits: The statemaintaingerorestrictionson

tree cuttingon nonforestlands,exceptwithin the ecologicakonesof the
ShiwalikandAravallihillsgovernedinderthe PunjabLandPreservatioAct
(PLPA)1900.Evenwithin thesePLPA zores,governmennotificationsin
1997 and 2011 explicitly exemptedheavily grown agroforestryspecies,
includingEucalyptusi?oplar AilanthusAmrood,BakainandBamboo.

Absence of Transit Rules: Sinceits birth in 1966, Haryanahas never
enforcedlimberTransitRulesFarmer&njoycompletdreedomnto transport
andsellwood acrosghe statewithout administrativeheckpointsgrawing
largevolumesof tradeto competitivehubslike Yamunanagar.

Agricultural ProduceClassification: On March4, 2008 underthe Punjab
AgriculturdProduceMarketingAct 1961 thestateofficiallydesignateBoplar
andEucalyptusvoodas'agriculturaproduce"Thisallowedhegovernment
to legallycollectmarketingeeson salesintegratingimberinto mainstream
agricultiraltrading.

Unrestricted Industrial Growth: Priorto Supremeéourtregularisations
2002,Haryanaimposedno barrierson settingup Wood-Basedindustries
(WBIs),allowingamassivenarketnetworkto establislorganically.

Exponential Wood Production Data

Collaborativeextensionshetweenthe HaryanaForest Department,the Forest
Researchnstitute (FRI), and WIMCO successfullypopularisedhighyielding
varietiesof Poplarand EucalyptusThis researchshortenedharvestcyclesand
dramaticallincreasedulti-croppingprofitability.
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Thegrowthtrajectoryof woodproductionis detailecelow:

A 198%86:13Lakhcubicmeters
A 199394:16Lakhcubicmeters
A 200®07:22Lakhcubicmeters

The Non-Forest Land Pivot: Out of the 22 lakh cubicmetersestimatedy the
Central EmpoweredCommitteeof the SupremeCourt, natural state forests
produceda meagrel.5lakhcubicmetersTheremaining0.5lakh cubic meters
cameentirely from non-forestlands, outproducingstatereserveg4to 1.

A Land Cover Breakdown: Haryan& Forestand Tree Cover(FTC) sits at

6.6%0f its total geographicdérritory.Naturalforestscompriseonly 1.7%,
while TreesOutsideForestq TOF) spanthe remainingt.9%.Within TOF,
strip forests(roads,canalsrails) managedy the departmentccountfor
1.8% whileprivatefarmlandplantationspan3.1%of the state'sotal area.

Noteon FSI Discrepanci€be report critiquesa temporarydip in wood
productionreportedby the ForestSurveyof India (FSI) in ISFR2017,
attributingit to inadequatéeld samplingsizeghatfail to reflectthe state's
truetimberoutput.

SocioEconomic Impact and the YamunanagarHub

A The Ultimate Timber Market: Yamunanagdrasgrowninto India'slargest

tradinghub for farmgrownwood. During 2002803, the marketrecorded
transactiowolumesvorthRs.1,00Qcrore gnsuringhatatleasRs.500crore
floweddirectlybackinto theruralagraria®economyto treegrowers.

Regional Supply Magnet: During 200506, local statefarmssupplied.3
lakhtonnesof wood,while neighbouringtatessuppliedan additionall6.9
lakhtonnego satisfyYamunanagariisdustriademand.

Industrial Concentration: Followingthe SupremeCouris 1996 closure
ordersonwoodindustriesn theNorth-Easterrregionhundred®f plywaod,
veneerand sawmills migratedto Yamunanagadtue to its reliabletimber

supply.
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The structuralevolution of Haryana'sWwoodBasedIndustries highlightsthis
massivgrowth:

Year Plywool\ﬁiﬁcSVeneer Sawmills& Others Totaldrr\](i:!{t;strial
1990 55 1,109 1,164
1994 117 1,681 1,798
2006 679 4,407 5,086

A Employment and Revenue Value: The downstreanvalueof products
manufacturefom farmwoodstandsat approximatelirs.3,000crore.The
sectomprovidedirectlivelihooddo 100,00@vorkersgeneatingroughlyRs.
900 crore in annualwages(calculatedat a baselingate of Rs. 300/day)
alongsidesubstantiaax revenuesToday,Yamunanagananufacture50%
of India's total plywood, earningt thetitle of the"Plywood Capital of the
country"”.
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Inputs from Thiru R.R. Rajasekaravl, Retd ForestOfficer (GoTN)

He outlineshis lifelong commitmentto largescaletree planting,communityled
afforestationrmodels,scientificsoittree matching,public policy navigationand
protectinguralfarmingcommunitiesrom predatoryagroeforestryscams.

His effortsrangefrom orchestratingnassivdocalplantingdrivesto co-founding
grassrootsnovementssuchas Dindimavanam, a volunteerdriven projectthat
successfullglantedS million (50 lakh)treesacrosghe Dindigul districtof Tamil
Nadu.

CareerJourney& SocietalPerception

He notesthatearlyin hislife, ruralandfamilialexpectationseavilyfavouredormal
governmentiniformroles(suchaspolice military,or forestguardspve academic
pursuitsDrivenby apassiorfor natureheclearedhe Servic&cCommissionpined
the ForestDepartmentandservediuntil hisretirementn 2012.

Key Honours and Recognition

Over his distinguishedervice he receivedseverabrestigiousaccolade$or his
contributiondo forestryandenvironmentatonservation:

A Tamil Nadu Chief Minister& Award for Forestry:Awardedn recognition
of outstandingegionahfforestatiormndpublicservice.

A Indira Priyadarshini Vrikshamitra Award: Receivedindia® highest
nationahonourfor treeplantatiorandenvironmentatonservatiorgwarded
to him andhisforestwing.

PostRetirement Activities

Following his retirementin 2012, he transitionedinto full-time writing, guest
lecturingandagreforestryconsulting:

A Academic GuestLecturer: Conductgechnicatrainingmodulegor Forest
Guards,Watchersandfield staff at the ForestTrainingCollegein Vaigai
Dam.
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A Public Outreach & Journalism:Authoredweeklyandmonthlycolumnsn
prominent Tamil publi@ations, including JuniorVikatan (JuVi) Pasumai
Vikatan KumudagrandDinamalar

Major Afforestation Initiatives & Community Models

ro " /1
COMMUNITY AFFORESTATION FRAMEWORK

v

| PUBLIC LANDS | | FARMER-ORIENTED | | NON-HIERARCHICAL |
| & INFRASTRUCTURE | | COMMERCIAL TREES | | VOLUNTEER MODEL |

I I I

» Highways, Schools, » High-Value Timber » Decentralize
Rail Margins, & Linked to Reliable Consultancy
Pond Bunds (Kammai) Timber Markets Local Action

He highlightspracticalfield executionthrough an initiative nearthe Siruvathur
Kammdwatertank)in Dindiguldistrict.In asingleday hecoordinatedhedigging,
alignment,marking,and plantingof 200 trees along public road margins.He
emphasisakatwhileplantingbringsimmediatection,observingnaturethriving
treesyeardaterprovidegrofound"soulsatisfactionthatfar exceedsitial efforts.

Project Dindimavanam

A cornerstoneof his public work is Dindimavanam, an initiative aimed at
transforminghe greencoverof Dindiguldistrict:

A Scale: Successfullplanted 50 lakh trees acrossprivate lands, school
campusegiovernmenbffices railwayline marginsfour-lanehighwaysand
tankbunds.

A Organisational Structure: Designecisa unique norrhierarchicatolunteer
movementThe initiative consciouslypperatedvithout a formal President,
Secretarygr bureaucratiteadership.
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A Roleof Thiru RajaseharanServedsthechieftechnicatonsultantyuiding
specieselectionlandmappingpit preparationandpostplantatiorcare.

A Collaboration: Engagedndustrialeaderge.g. EdenCollegeananagement),
collegeprofessorslecturersjocaladministratior(includingformer District
CollectorVinay),andlocalyouthvolunteers.

Silvicultural Insights & Soil-Tree Matching

He stressethatsuccessfubrestryrelieson stricttechnicatlisciplinematching
the right tree speciesto the specific soil and climatic conditions.

Soil Type RecorrlsmenQedTree Key Silvicultural Attributes
pecies

Red Soil (Red MahoganyTeakRed | Optimaldrainagesupportshigh

Clay) SandergRedandalwoo( valuecommercialimbergrowth.
Highlyresilientdeeprooting,

glcc;i”ck Cotton Neem(Vembamaram) thrivesin heavyclayretention

soils.

Heavy Clay/ Vaaga(Albizia)Naval | Toleratesvaterloggingndpoor

Poor Drainage (Jamun) aeration.

Stony/ RedSanders Extremelyhardydevelopsieep

GravellySoill (Sevvasandhanam) taprootsn rockyterrain.

Classificationof Treesby Rotation Period

He categorisescommercialand ecologicaltimber into distinct operational
timeframes:

1. Short Rotation (406 Years): Specieslike Casuarina(Savukku and
EucalyptugThailamIdealfor quickpapefpulpandpolereturns.
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2. Medium Rotation (1215 Years): Speciedike Teak (Thekky Gamhar
(Kumil, andMeliadubigMalaiVembl Offers substantiadommerciateturns
for farmforestry.

3. Long Rotation (20+ Years): High-valuehardwooddike RosewoodEet)
andRedSander¢Sevvasandhgnam

Key Tree Species& Their Value Propositions
1.Red Sanderq Prerocarpussantalinus/ Sevvasandhanam)

A Value& Utility: Highlyprizedcommercialvoodwith significant
internationatlemandparticularlyn JaparandSouthKorea) Historically
usedfor traditionalwoodentoys(Marapadhasthe naturalwoodessence
offersmedicinaproperties.

A Health & Industrial Properties:Known for radiatiorshieldingyualities,
cardioprotectivpropertiesandbalancindploodsugatevelqtraditionally
usedasdrinkingtumblers).

2. Melia dubia (Malar Vembd)

A Impact: He pioneeregbublicawarenedsr Meliadubiahroughpopular
articlesn Pasumafikatanoveradecadeago leadingo widespread
adoptionacrossamilNadu.

A Economics: Fastgrowingtimberwith establishetharketie-ups(e.g.,
plywoodindustriesn Pollachpurchasingvoodatratesaround 8,000per
ton).

3. Pungan(Pongamiapinnata)
A Ecological Benefits: Providesiensecoolingshadesuperiotto artificial

cooling.Speaket humoroushnotesin publicspeechethat"theshadefa
Pungaineeivalshdapofa spousel offeringdeeprestfulcomfort.
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Farmer Protection, Advocacy,and Media Engagement
Exposing Agro-Forestry Scams

He voicesactivelyfor protectionof vulnerabléarmersagainspredatorynursery
scam&andfraudulentultivationschemes:

A Agarwood(Agaramaran Scam:FraudulenagentpromotedAgarwood
asaquickfortune He publishedvarningarticleditled"UshaaAiyaUshaar,
AgarMaranUshaar("Bewaresir,Bewaref Agarwood")pointingout that
TamilNadu'sclimatdackstherequiredungal/environmentadonditions
for agaresinformation.

A Historical SchemesHighlightedpastfailuredike unregulatedatropha
(KattamanakkanillaandEmufarmingschemeghatbankruptedarmers
dueto non-existensupplychainsaandfalsemarketfpromises.

Media Contributions
He authoredwo majoreducationarticleseries:

1. "VaazhgaMaram, ValargaPanam"(Lond-iveTreed,etMonerow.
Focuseadn commerciahgroeforestrymarketinkagesandrevenue
generatioffior farmers.

2. "Maram SeyaVirumbu" (DesireoPlanfTregsFocusean socialsacred,
andecologicalreeqe.g.Peepal/ArasMaram Banyan/Aaldlaram,
llluppai,Usil)thatbenefittcommunityecosysterhealth.

CorporateConsultancy(Murugappa Group)

Collaboratedwvith corporateentitieslike the Murugappa Group (BSA Cycles,
fertiliser$ to drive CSRagroeforestryprojectsacrossSivagangand Pudukkottai
districts.He conductedbsitespecificland assessmentecommendeduitablesoil
speciesguidedpit enrichmentusingbio-fertilisers(AzospirillupPhosphobadteria
taughtproperpruningtechniquegkavaathyandestablishedirectmarketinkages
for farmers.
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GovernmentPolicy, RegulatoryRelief, and Execution Strategy
Tree Cultivation in Private Lands Program (TCPN)

He outlinehowfarmerscanleveragexistinggovernmenschemethroughDistrict
ForestExtension Centres(locatedvithin District Collectorates):

A FreeSaplingAllocation: Underthe TCPN schemefarmergrovidingbasic
land documentatiorfChitta/Adangeareeligiblefor 200free saplings per
acre(upto 5 acrestotallingl,000saplings).

A Survival Incentives: The governmenprovidesa postplantationsurvival
maintenancgrantafterthefirstyeaif thefarmemaintain@n80%-+survival
rate.

Legal Reform: Timber Transit RulesExemption

He highlightsacriticalregulatoryelieffor treefarmers36timber specieshave
beenexemptedfrom Timber Transit Rulesin TamilNadu.Farmersio longer
requirecumbersomeellingpermitsor transitpasseffom the ForestDepartment
to harvesandtransporthesespecifidreesprotectinghemfrom administrative
delaysandharassment.

RecommendedRoadmapfor 50-Lakh Tree Plantation Drive

To executalargescalestatewidéargeof plantingd milliontreesherecommends
thefollowingstepby-stepstrategy:

1. District-Level Mobilisation: Organise preplantation workshops for
progressivéarmersin eachdistrictto asses$ocal soil typesand present
marketlinkedtreemodels.

2. DecentralisedNursery Production: Establisndedicatedhurserie$ to 12
monthsin advancaisingcertifiedmothertree stock,assaplingsannotbe
arrangedvernight.

3. 3-YearMaintenanceProtocol: Allocateresourcenot justfor plantingput
for a strict 3-yearfollow-up regimenincludingwatering,bio-fertilisation
weedingandpruning.
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4. Integration with Government Schemes: Partne with local Forest
ExtensionOfficersto utiliseTCPN quotasandgovernmenkandallocations
alonghighwaysschoolsandwaterbodynargins.

Phase/ Pillar Key Objectives& Action Iltems

AOrganiseegionafarmermeetings.

1.District Capacity
Building AReplicatsuccessfuhodeldike "Vanathukkul

Tiruppur"and"Kadambavanam".

AEstablistdedicatedliecentralisedurserie$512

2. Scientific Nursery monthsprior to planting.

Preparation AEnsurehigh-qualitymothertreeseedstock

(polythendrags).

AYear1:Wateringandcuring.

3. Mandatory 3-Year

S CaE AYear2: Pruning(Kavaathug bio-fertilisation

AYear 3: Finalestablishmentheck.
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Vanathukkul Tiruppur - CaseStudy

The "VanathukkulTirupur" initiativeis a massivegitizenled tree plantationand
ecologicalestorationprojectsituatedn the industrialhub of Tiruppur District,
Tamil Nadu.Conceptualisedsa tribute to the lateDr A.P.J.Abdul Kalam,the
projectis spearheadduy the voluntaryorganisatioWETRY,foundedoyMr T. R.
SivaramA comprehensiv&cologicallmpact SurveyReportwas publishedon
27.02.202by the SiddhartiFoundatiorto scientificallyassesthe environmental
andbiodiversitympactf thisgreeningnovement.

Scopeand Scaleof Afforestation

The initiative representsa highly successfulmodel of communitydriven
environmentatonservation.

A MassPlantation: Over aspanof six yearsthe projectsuccessfullglanted
andmaintaineaverl0 lakh trees By August2020 8.5lakhnativetreeshad
alreadyeenplanted.

A Land CoverageThetreeswereplantedfreeof coston the barrenlandsof
privatefarmerssuccessfullgstablishingreerncoveracrosd,598acres

A Demographic Milestone: By crossinghe one million tree mark within a
districtpopulationof 30lakh,the projectachieve@remarkableatioof one
tree for every third person living in Tiruppur.

Ecological Restorationand Biodiversity Augmentation

The strategicselectiorof nativetree speciehastransformedoarrenagricultural
landsinto thriving,heterogeneousabitatsleadingo a massiveecovenof native
floraandfauna.

A FloraDiversity: Theafforestedireasiowsupport241speciesof flowering
plants. A testamento the project'sscologicatuccess naturakegeneration:
whileVETRY initiallyplantedonly 48treespeciejaturalseeddispersahas
resultedin 72 tree species currentlythriving in the area.The ground
vegetationprofile consistsprimarily of herbs (69%) and grasse21%),
followedby climberg8%)andsapling$2%).Themosthighlyabundantiora
speciesareAristidssetacaeadCenchragiariggrasgarieties).
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A Avifauna (Birds): The habitatssupport 79 species of birds. The bird

populationis highlydiversan its feedinghabits playinga crucialrolein pest
control and seeddispersalThe dietarybreakdownincludeslnsectivores
(54%) Granivoreq15%),Carnivoreg10%),Frugivoreg9%), Omnivores
(8%),andNectarivore4%).The vastmajorityof thesebirdsbelongto the
orderPasseriformg$1%).Prominentspecie®bservedncludethe Yellow

billed babbler and Common myna.

Lepidoptera (Butterflies): The survey documented65 species of
butterflies. The dominantfamiliesareNymphalida€32%),Pieridag26%),
and Lycaenida€25%),alongsideHesperiida€9%) and Papilionidag8%).
Themostabundanspeciearethe GrasslewelCommonGrassYellow,and
DanaidEggFly.Importantly ecologicakrackingshowsaverystrongpositive
correlation(0.937),indicatingthat the meannumberof butterfly species
increases steadily alongside the years of plantation growth

Arachnids (Spiders): The micro-habitatshost41speciesof spiders The
most prevalentspiderfamiliesare Araneidag29%) and Salticidag€22%),
followedby Lycosida€12%).

Environmental and Climate Impact

A Carbon Sequestration: Treesare approximatel\50 per cent carbonby

weight.Dataprojectionshighlightthat the VanathukkuTirupur projecthas
alreadysequesterethore than 140tonnes of carbon, combatingclimate
changendprovidingcleamairto theindustriakity.

Trees Outside Forests (TOF): The initiative is a prime exampleof
developindTreesOutsideForests,'an essentiatomponenbf sustainable
development.This green infrastructuredirectly impacts environmental
variable®yreducing ambient temperature,improving soil fertility, and
moderating the local climate.

SocioEconomic and Community Benefits

A Synergyof Industry and Conservation: Environmentand industryare

often viewedasdivergentgoals but VanathukkulTirupur proves they can
exist synergisticallyThe project united industrialistsNGOs, volunteers,
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governmenbfficials,and commoncitizens,nstilling a profound senseof
ownershigcrosshe community.

A Public Wellbeing: Urban greenspacesire a necessarfeatureof healthy
human settlementsThe citizen forests createdby VETRY provide the
resident®f Tiruppurwith crucialopportunitiedor natureexposurestress
reductionanda healthyliving ambiencewhile significantlyeducingurban
airpollutionandnoise.

Policy Alignment and Conclusion

The scientificassessmermtf VanathukkulTirupur provesthat voluntarycitizen
actioncanplayatremendousolein achievingnationabolicytargetsTheinitiative
directlysupportghelndian ForestPolicy of 1988whichenvision&minimumof
onethird of the country'dotal landareaundertreecover,andalignswith national
pledgesunder the Paris Climate Accord to increasegreencover by 2030.
Ultimately the projectstandsasthe state'dirst successfuinodelfor largescale,
citizenparticipatorafforestatioron publicandprivatelands.
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Solid WasteManagement

Comparisonof TNPCB Annual Reports(202@®21vs. 202425)on solid waste
management

Over approximatelyive years,Tamil Nadu hasmadesubstantial progressin
municipal solid wastemanagement particularlyn:

o Too To o I

Expansiorof urbanlocalbodieqULBS)
Increasedavastecollectionefficiency

Highertreatmentapacity

Largescalebio-miningof legacydumpsites

Rapidexpansionf decentralsdcompostingindMateriaRecoveryracilities
(MRFSs)

Howeverthedataalsoindicate:

A

A
A
A

Wastgyeneratiomasincreasethsterthantreatmentapacity.

Nearly44% of generatedwasteis still landfilled, althoughmuchof this
consist®f processejectsaandinertmaterials.
Scientifidandfilldevelopmentbasnot keptpacewith wastegeneration.

The State has shifted from centraliseddisposaltowards decentralised
processing.

Administrative Growth

Indicator 202@21 202425 Change ' % Change
Corporations 15 25 10 66.7%
Municipalities 121 141 20 16.5%
TownPanchayats 528 481 -47 -8.9%
potaiurbant.ocal 664 647 17 2.6%
Authorization$Granted 224 245 21 9.4%
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Observation

Thereductionin total ULBsis dueto administrativeeclassificationyith several
municipalitiesipgradedhnto corporations.

Municipal Solid WasteGeneration

Indicator 202@21 2024625 Change % Change
WasteGeneratedTPD) 14,228 16,563 2,335 16.4%
WasteCollected TPD) 13,955 16,443 2,488 17.8%
Wastelreated TPD) 6,620 9,33 2,683 40.5%
Wastd_andfilled(TPD) 6,765 7,260 495 7.3%

Collection Efficiency
202@®21: 13959 14,228= 98.1%

20242516443 16563= 99.3%

Improvement
A 98.1% 99.3%
A Nearlyuniversatollectiorhasbeenachieved.

Treatment Efficiency

202@21 662D/ 14228= 46.5%
202425 9303 16563= 56.2%

Howeverabout44%of solidwastas not beingtreatedceventoday.

Improvement
A Increas®f 9.7percentagepoints
A 20.8%improvementin treatmengefficiency.
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Landfilling Rate
202@21 47.6%
202425 43.8%

Although landfilledquantityincreasedlightly the shareof wastesentto landfill
hasdeclined, indicatingoetterdiversiorto treatment.

Processinglinfrastructure Composting

Facility 202@21 2024625
Micro ComposiCentres 1,016 1,095
WindrowComposting 526 500
On-siteCompostCentres 876 907

Growth

A MCCsincreasety 79units (7.8%)

A On-sitecompostingncreasedy 31facilities

A Windrowcompostingeducedsuggestingrovementowardsdecentralized
systems.

Bio-methanation/ Bio-CNG

Indicator 202@21 24925
Bio-methanatiomplants 106 77
Bio-CNG Plants Not reported 2

Material RecoveryFacilities (MRFS)

202@21 No statewiddRFinventoryreported.
202425 819%perational MRFs, Capacity2,491TPD

Thisis oneof the biggesstructuralmprovement the State.
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Future Infrastructure PlannedFacilities

202®21
A 263MCCs
A 7 Biomethanatioplants

202425
A 68MCCs
A 6 Biomethanatioplants
A 11Bio-CNG plants
A 79additionaMRFs

Wasteto-Energy
202@21

Operational:
A Chennai
A Erode

Proposed:
A Kodungaiyur
A Peungudi

202425
Thereportrecordd\lo wasteto-energyplants under this reporting category.

Insteadjt notesthat plasticsand high-calorificwasteareco-processeth cement
industriesThis reflectsa policy shift awayfrom dedicatedVtE reportingtoward
co-processing.

Bio-mining Progress

2028625:
A Bio-mininginitiatedat 290locations
A Completedit241locations
A 1,206acresreclaimed

Thisis oneof the strongestichievements.
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Quantitative Performancelndicators

KPI 202®21 202425
Wastggeneratiomgrowth A 16.4%
Collectiorefficiency 98.1% 99.3%
Treatmengefficiency 46.5% 56.2%
Landfillshare 47.6% 43.8%
MCCs 1,016 1,095
On-siteComposiCentres 876 907
MRFs Not reported 819
Dumpsitegeclaimed 7 241

Key Findings

Major Improvements

To o o o I I

Wastecollections effectivelyuniversa{99%-+).
Treatmentapacityhhasgrownby over40% Needgo growevenmore
MateriaRecoveryacilitiehavebeenestablishedtatewide.
Largescalébio-mininghasreclaimedhundredof legacylumpsites.
Compostingnfrastucturehasexpanded.

Administrative coverage has improved with more corporations and
authorizations.

Continuing Challenges

o Po o To Do

Dailywastegeneratiomontinuego rise.

Around7,260TPD is still landfilled.

Treatment growth, although significant, has not fully matched waste
generation.

Scientifidandfilldevelopmentemaingimited.

Further improvementsn segregatiomnd recoveryare neededto reduce
landfilldependence.

Referencéhttps://tnpcb.govin/municipalSolidWaste.php
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Exnora - Inputs from Thiru SenthurPari, President,Exnora

Foundedn 1989y formerbankemployedA.B.Nirmal,Exnorawhichstandgor
EXcellentNOvel and RAdicalideas emergedasa pioneeringcommunitybased
organisatiom ChennaiTheorganisationsentraphilosophysbuilton mobilising
and empoweringcommunitiesto activelyparticipatein preservingnature and
preventingenvironmentaddegradatioron a selthelp basis.Over the decades,
Exnorahasplayeda massiveole in urbanenvironmentgbrotectionmostnotably
spearheadingneof thelargestivicmovementa India.

Transforming Solid WasteManagement

Exnora'smostsignificanenvironmentatontributionis its revolutionaryapproach
to urbansolid wastemanagemerthroughthe formationof "Civic Exnoras".In
respons&o the inefficiencie®f municipaWwastehandling Exnoraintroducedhe
concept of decentralised,communitydriven waste management,wherein
neighbourhoodesidentsook ownershipof their streé¢s' cleanlines®8y applying
conceptdike the 3Rs(ReduceReuseandRecycle)Wasteto Wealth,"andZero
WastéManagemenExnoradrasticallyeducedhe burdenon city dumpsites.

A keysocialndenvironmentahnovatiorwasthe formalisatiorof informalwaste
pickers(rag pickers)into "streetbeautifiers" By providing theseworkerswith
tricyclesprotectivegear,and a steadyincomefor doorto-door wastecollection,
Exnoraensurealeansourcesegregatiowhileupliftingmarginalisedommunitis.

AdvancingZero Wasteand "Home Exnora" Exnora'sneighbourhoodmodels
proved highly successfuin resourcerecoveryFor examplethe Exnora Green
Pammainitiativemanagetb composiB80%o0f localwastereducinghewastesent
to landfillsto amerel0%.Thisspecifiqrojectwasrecognisetbr reducingarbon
emissiondy over5,062Zonnedn asingleyear.

Adaptingto modernchallenged:xnorahasrecentlytransitionedo promoting
"Home Exnora."This initiativeaddressesnvironmentailssuesat the microlevel
byencouragingitizengo segregatwasteatthesourcepracticdhomecomposting,
andadopt'coolingthe-globe"habitsto ensureminimalwastdeaveshehousehold.
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Greenlnitiatives Beyond WasteManagement

Exnora has diversifiedits environmentalprotection efforts to tackle various
ecologicathallenges:

A WaterbodyRejuvenatiorthrough"Neer Exnora,"the organisatiomctively
worksto restoreandrevitalissneglectedr pollutedrivers,lakesponds,and
wetlands.

A Urban GreeningTo combatclimatechangeand globalwarming,Exnora
developsecaparks,createsurban denseforests,and executewidespread
treeplantingcampaigns.

A ResourceConservationtnder its "Home Exnora Yoga" framework,the
organisationeducatescitizenson holistic home conservationproviding
guidelinefor rainwateharvestingenewablenergyse fuelsavingandthe
preventiorof indoorairandwaterpollution.

SocicEnvironmental Empowerment

A majorpartof Exnora'senvironmentasuccessomesfrom its ability to change
publicconsciousnesghroughawarenessampaigng&xnorashiftedthe prevailing
mindsetthat "cleaningup is alwayssomebodyelsé& responsibility,'fosteringa
strongsens®f civicdutyamongesidents.

Exnoras significancén environmentaprotectionliesin its holistic,participatory
approach.By seamlesslynerging sustainablescologicalpracticeswith social

empowermentand civic responsibility,Exnora demonstratedhat grassroots
communityinvolvements a highlyeffective sustaiablesolutionto modernurban

environmentatrises.
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Solid ResourceManagement- Inputs from Thiru C. Srinivasan

Solidand Liquid ResourceManagement(SLRM) Framework

Thiru C. Srinivasans a professionakxpertin integratedsustainable@esource
managementith over 33 yearsof experienceén environmentabkanitationand
projectcoordinationAs aleadingconsultantn thefield, he servesn severahigh
leveladvisorycapacitiefor the Indiangovernmenandinternationabodies:

Milestones

A

A

" Garbageto Gold" Vellore Model: A pioneeringntegrateédndsustainable
solidresourcenanagemeritameworkecognisedlobally.

Clean India Mission (SBM) Design: Contributed technical design

expertiséor the Swachh@haratMissionfor the Prime Ministes Office
(PMO).

"Drainage to Diamond" Project: A landmarkpilot for Liquid Resource
Managemer{t RM)in JupudiGramPanchayafindhraPradesh.

Defence& Institutional Projects:Implementatioof SLRMfor the Army
ServiceCorps(ASC)Centre& Collegeg(Bangalore)yariousNationalZoos
(JodhpurChandigarhgpndacademimstitutionsincludingllT Chennaand
VIT Vellore.

Recognitions

A

A
A
A

Ashoka Fellowship: Awarded by Ashoka Innovators for the Public,
Washingtor.C.,USA(2003).

Abdul Kalam SevaRathanaAward: (2015).

Earth Corps Alumni Award: For outstanding contributions to
environmentgbrotection SeattlelJSA(2010).

Environment Management Award: Governmeniof Tamil Nadu (2009
2004).
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The SLRM Philosophy: From Wasteto Resource
Defining the Shift

The SLRMframeworkassertshat "waste'is amisnomerDiscardednaterialare
actually'non-stopresourcesfjeneratech solidor liquidform. The objectivasto
establisla permanentlifetime setupthatpreventsvastegeneratiotny managing
thesamaterialdeforedecompositiomccurs.

The 12Hour Critical Window

The distinctionbetweena "resource"and "waste"is fundamentallyemporal.If
organianaterials not processedithin 12hours,anaerobidecompositiotegins,
resultingn foul odoursandpestinfestation.

StorageTime Statusof Garbage Remarks
12Hours OdourlessFreshRaw Material RESOURCE
24Hours SmellyDecomposedlaterial WASTE
48Hours StinkingWaste WASTE
72Hours+ Stinkingt Worm (maggotsinfestedvaste WASTE

ResourceManagementvs. WasteManagement
Conventional'WasteManagementsystemsn developedhationsoften collect
materialsveeklyor bi-weeklysealinghemin blackplastidoagsThislacksaeration
andtriggersanaerobidecompositionlhe"VelloreModel" mandateatwicedaily
collectioncycle(730trips peryear)}to ensuranaterialsemainfresh,odorlessand
commerciallyiableresources.

Solid ResourceManagement(SRM): The 'Garbageto Gold' Concept
StrategicCollection Intervals

To preventhetransitionfrom resourcéo wastecgollectionfrequenciearetailored
to thedecompositiomateof the materiakource:
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Collection
Interval

12hoursor less Residentialareas(Apartmentsgoloniesquarters)
6 hoursorless Food generators(Hotels resaurantsmarriagdnalls)

Bulk generators(Marketsfruit/'vegetablenundiescattle
dung)

3hoursorless |Non-Vegetarianitems (Slaughterhousasgat/fishmarkets)

Sector Source

4 hoursor less

The Role of SeltHelp Groups(SHGS)

Womenled SHGs are the operationalbackboneof this model. They provide
reliabilityand superiorcommunicatiorskillswithin neighborhood€Becaus¢heir
incomeis supplementaryhe projectremainseconomicallyiable,and the local
natureof theworkforeefosterdongtermcommunityownersip andaccountability.

Categorisationand Segregation

The SLRMmodelutilisesrigorousprimaryandsecondargegregatioto maximise
resourceecovery:

A Organic Waste (60 categories):Includescattleeatablenon-eatablegitric
items,andshells.

A Inorganic/Recyclable Waste (169 categories): Further subdividednto
categoriedike Papers(15), Cardboardq9), Plasticltems (48 types/64
categoriesRlasticCovers(38),Metals(21),Rubber(12),andGlassBottles
(26types/122categories).

A Non-recyclabe (15 categories): Specific items such as Thermocol
(Styrofoam)aluminiumcoatedplasticcovers(chocolate/biscuitvrappers),
andfirst-qualitybutteror stickempaper.

Household Guidelines(Do& and Donas)

Residentswustadherao specifidhandlingprotocolsto maintaimmateriapurity:

A Bin Preparation: Do not usecarrybagsto line dustbinsbins shouldbe
washedlaily.
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A Eggshells:Mustbeplacedn usedlasticcoverdeforebeingdepositednto
thegreenbin to avoidmixingwith organiamaterial.

A Sanitary Napkins: Wrapin paper(no plastic)markwith aRed sketch pen,
andplacean thered bin.

A Non-Vegetarian Waste: Wrapin paper,markwith a Green sketch pen,
andplacean thegreenbin.

A Medical Waste:Wrapin papermarkwith aBlue sketch pen, andplacen
thegreenbin.

A Hair Collection: Storehairfrom combsin separatbagsit is the "costliest
unit of garbageandis collecteceverytwo monthsfor sale.

A GeneralConduct: Do not washhandsin dustbinsthrow liquidsinto bins,
or burnwaste.

Liquid ResourceManagement(LRM): The 'Drainage to Diamond' Concept
Problem Statementand the "Diamond" Logic

The"Drainagdo Diamond"conceptiddressabefailureof ruralinfrastructurdo
manageintreatedewageyhichtypicallylead€o mosquitobreedingandstagnant
pools.Theterm"Diamond" representthetransitionfrom aliability(sewagd) a
highvalue seltsustaininggconomianodelthat generatesignificantrevenueand
greenobs.

The Foundation (Micro-Planning)

Roadsid@reparationnvolvescleaninghe areabetweerroadsandbuildingsto a
depth of 0.991.0 foot. All stonesand debris (Raffia bags,wood, plastic)are
recovere@ndreusedTo protectthe system4Ommstonesarefilled atroadedges
(6 incheswide, 9912 incheshigh) to allow rainwaterto percolatemmediately,
preventingt from enteringhe sewageérainage.

Plantation Methodology (Roadside/Berm)

A Coconut Trees: Preferredrarietyis the Pollachi coconut sapling (valued
for size tasteandmarketprice).Sapling¢T x D vaiety)areplantedat 20ft
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intervalsPlantingoccurs2.6feet below ground levelsothat shallowroots
staybeneatloadanddrainagstructuregpreventingtructuralamagevhile
stabilizinghesoil.

A Palm Trees:Plantedevery6.0to 6.5feetbetweercoconuttreesto serveas
essentiavindbreaks.

A Fencing and Creepers: Vertical creeperglvy gourd, Climbing Brinjal,
Red/Greenspinachvine)aregrownon Casuarina/Eucalyptymole fencing
for protectionandseedproduction Horizontatreepdilee pumpkisarestrictly
prohibited.

Plantation Methodology (Inside Drainage)
LRM usedieredbiologicatreatmenbasedn structuraype:

A Normal Mud Drainages: Employsa mix of Cannaplants,ElephantEar
leavesandlocalgrasse® createaroot bedsystentor filtration.

A Brick/Cement (<2ft depth): A 4" stonelayer(2" stones)s coveredith 2"
of coirfiber/spongeandfilled with organianulch/manure.

A ConcreteStructures(2-4ft depth): A 6" stonelayer(2-4" stones)s covered
with 4" of coir fiber/spongeand filled with mulch. Banana tubes and
Sugarcanareplanteddirectlyinto the mulchevery6 feet.

U Banan¥arietiestilizedPoovanDwarf CavendishThellaChakrakeli,
Karpoora,ChakrakeliRobusta,Rasthali Amritpant, Monthan, and
YenaguBontha.

Economic and Environmental Outcomes
Income GenerationStreams

Themodelisdesignedo beselfsustaininghroughmultiplerevenuehannels:

A Plant Products: Auction of Pollachicoconutspalmseedsand leavedor
broomsticks.
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A FodderSalesSupeNapiergrassharvestegveryi0daysandsoldatRs.125
15/Kg.

A SHG Activities: Creationof Cannasaplingnurseriesand extractionof
banandiberfor handicrafproduction.

A Direct Sales:Saleof 169typesof segregateidorganianaterial@ndbanana
bunches/stems.

Environmental Benefits

A Root Bed Treatment: Cannarhizomesand native grassesibsorbheavy
metalsandpollutantghroughabiologicafiltration process.

A Wastewater Management: Largeleaf plants (Elephant Ear/Canna)
maximizevastewategvaporationyhile specializetbot systemgreventsoll
erosionunderroads.

A Wind Protection: Palmtreerows protectsmallbuildingsand cattlesheds
from winddamage.

ProjectedImpact

The pilot projectin JupudiGram Panchayats projectedto reacha revenue
generatiorof Rs. 1 Crore per year from 2030onwards,solelythrough these
sustainableesourcawuctionsandsales.

Implementation GeographicScope
Domestic Reach

The SLRM/LRM frameworkiasbeenintroducedr implementedh thefollowing
Indianstatesandmodelsites:

A States: Tamil Nadu, Karnataka,Andhra Pradesh ChhattisgarhGujarat,
MaharashtreRajastharRunjab Assam,Tripura,Meghalay&ikkim,Bihar,
Uttar PradeshHaryanaJammu& Kashmir, Uttarakhand\West Bengal,
KeralaHimachaPradeshGGoa,andArunachaPradesh

N . (189
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A KeyModel Sites:

Ambikapur Municipal Corporation (Chhattisgarh)
VaranasiMunicipal Corporation (UttarPradesh)
JodhpurZoo (RajasthargndChhathir Zoo (Chandigarh)
Army ServiceCorps (ASC)Centre& College(Bangalore)

CCeCe e

International Footprint
Theconcephasexpandedeyondndia,with successfuhtroductionsn:

A Nepal: OneProvince.
A USA:22States.
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Health Hazards on humans caused by pollution - inputs from Dr
T.Nivethitha, MBBS, MD, MRCP (UK)

Air _Pollution: Changing Trends in Human Diseasdé& From Traditional
llInessesto Emerging Health Threats

Air pollutionis no longersolelyarespiratonhealthissueContemporargvidence
demonstrateghat it is a multisystemdeterminantof diseaseaffecting the
cardiovacular,neurologicalmetabolic,renal, reproductiveand musculoskeletal
systems.

India bearsone of the world's highestair pollution burdenswith 1.67 million
attributabledeathsannually While traditionalpollutionrelateddiseasesuch as
asthma,COPD and lung cancercontinueto rise in prevalenceand severity,
accumulatingevidere also links longterm air pollution exposureto diabetes,
chronickidneydiseasejementiaParkinson'sliseasegjepressiorpregnancyoss
and impairedchildhood neurodeelopment.Thesefindings supportintegrating
environmentahealthinto nationahon-communicabldiseasstrategieandpublic
healthpolicy.

Burden of the disease

1 1.67 million deathsin India were attributableto air pollution in 2019,
representing7.8%of alldeaths.

1 Air pollutionreducedife expectanchy approximatelyt.7 yearsationally,
with losse®xceeding yearsn severahorthernstates.

1 India accountedor 26.2%o0f globaldisabilityadjustedife yearsDALYS)
dueto air pollutiondegpite havingabout18%of theworld'spopulation.

A 2024LancePlanetatyealttanalysifoundthateveryl0Q g / inckeasén

annualPMR4 exposurevasassociatewith an 8.6%increasen mortality,
suggestingealthrisksevenbelowcurrentnationalktandards.

[19]
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Figure 1. Trendsin crudeandagestandardisedeathratesattributalbe to
ambientparticulatematter, householdair pollution and ambientozone
pollution in India (199@2019).Adaptedfrom Balakrishnart al., Lancet
PlanetHealth.2021.
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Figure 2. Comparisorof disabilityadjustedife yeargDALY's) attributable
to airpollutionandtobaccauseacrossnajordiseaseis India.Adaptedrom
Balakrishnagmtal.,LancetPlanetHealth.

Table 1:Changing Trends in existing diseasesdue to air pollution

Existing Historical_ : : : Pol_icy.
di understandin| Currenttrend | Indian evidence| implicati
isease
g on
Air pollution Studiedrom A it
increaseasthma |Delhi,Chennai |7\ duaiity
incidence, andotherlndian mpravem
exacerbations, | citiesconsistently gnts ou
Traditionally |emergencyisits, |reportincreased in?e ted
consideredn | hospitalizations |asthma Integrate
allergiliseas| andearlieonset, |symptoms, |0
Asthma |triggerecdby | particularlamong| reducedung natlhona
allergens, |childrenLong  |functionand ast ma;_
infectionsand [termPMFR4%and | higher grer\]/den 10
genetics. NOFexposureare | hospitalization SCE?IOOI
nowrecognizeds | ratesamong health
major childrenexposed roaramm
environmental |to ambientair gs 9
triggers. pollution. '
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Existin Historical Policy
i 9 lunderstandin| Currenttrend | Indian evidence implicati
isease
g on
: COPD
Increasig reventio
recognitiorof TheGBD India gshould
COPDamong studyidentified |.
" : include
: Traditionally | neversmokerslue ambientand .
Chronic : reduction
. |regardecsa |tolongterm householdir
Obstructi | : of both
disease exposureo pollutionas
ve D, SO : householg
primarily ambiengir major
Pulmonar : : and
: causedby pollutionand contributorgo :
y Disease b bi K PD-related ambient
(COPD) to acco lomassmoke, CO e ate e
smoking. particularhamong mortalityand ollution
womenin low- disabilityacross P :
. ; alongside
andmiddle Indianstates.
. : tobacco
incomecountries.
control.
e [indianstudies |00
mupcociliar demonstrate IrOeduction
. y associations
Respirato clearancand betweerPMES shouldbe
ry Respirator | innateimmunity, ox osureand. incorporat
Infections |infections increasing incl?easedos ital edinto
(Pneumo |wereprimarily| susceptibility, admissionfaorp infectious
nia, attributedto | diseasseverity, neumoniand disease
Influenza, | microbial hospitalizatioand poorer preventio
Tubercul |pathogens. |mortalityfrom 'Puberculosis nand
0sis) respiratory outcomesn tuberculog
infections hiahlvoolluted is control
including regio)rqz programm
tuberculosis. 9 ' es.
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Existin Historical Policy
i 9 | understandin| Currenttrend | Indian evidence implicati
isease
g on
Longeancer SR |
amongnever reg :
: indicate pollution
L smokerss : i
Historically |: . increasingung | control
: increasing, -
considerea particularly canceincidence | shouldbe
cancer |P : 1 Outdoorair populationsw )
associated ollution(PMF%) agrowing national
with cigarette Psclassifie @sé proportion cancer
smoking. Groun 1 human occurringn preventio
carcirF\)o i neversmokers, |n
IARC geny particularly strategies
' women.
Air pollution Urbanlndian Urban
enhanceallergen . planning
P populationdave
sensitization, : .~ land
" : shownincreasing ,
, Traditionally |airway pollution
Allergic : . : prevalencef
- o attributedo | inflammatiorand L control
Rhinitis allergiahinitis .
. _|pollen,dust | prolongspollen : policies
& Allergic | " T andallergic
: mitesand allergenicity, : : should
Airway I airwaydisease |.
: other resultingn . : incorporat
Disease : : associatedith
aeroallergeng increasing : eallergy
worsening :
prevalencand : . preventio
: . _|ambientair
severityof allergic ualit n
diseases. qualty. strategies
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HOW PM, s DRIVES MULTI-ORGAN DISEASE

From Air Pollution Exposure to Systemic Health Effects

[ PMzs ,° & ’

Inhaled PM, 5
particles

enter lungs and
translocate into
the bloodstream

Fine particulate matter o
(2.5 micrometers) °

¥ o OXIDATIVE STRESS & idath
B ! Oxidative damage to
b\ @ Generation of reactive oxygen 1 cells, proteins, lipids
¢ R species (ROS) overwhelms @ and ;JnA '

PM, 5 generates free
radicals and oxidants
antioxidant defenses ®
o —— PE———
Py sctesimne /e ® o\ INFLAMMATION S
cells in the lungs ( @ o2 @ | Activation of inflammatory o8 ¢ CRP and other
and circulation “-\ o e '.° ) pathways and release of e inflammatory
\ A cytokines ) ° mediators

¥

Inflammation and = ENDOTHELIAL DYSFUNCTION Impaired blood flow,
oxidative stress T 3 Reduced nitric oxide availability, _ 1 blood pressure,
dﬂﬂ'igf ‘?'004 P impaired vasodilation, pro-thrombotic
vessel lining 8 increased vascular permeability state

- ¥

=

Chronic exposure / \ IMMUNE DYSREGULATION = o Chronic low-grade

disrupts normal ( /=\ | Imbalance between pro- ( .) o . inflammation and

immune balance \ @ inflammatory and anti- \’ > K,‘J altered immune
\\ inflammatory responses ) @ responses

PMys influences 2 ® EPIGENETIC CHANGES Long-term changes
s Liprersion @ . Alteration of DNA methylation, in gene expression
without changing histone modification and affect cell function
DA sequence L@_ microRNA expression and health

MULTI-ORGAN DISEASE

Systemic effects contribute to multiple chronic diseases

&3 w@ 5

A

CARDIOVASCULAR NEUROLOGICAL RESPIRATORY METABOLIC REPRODUCTIVE & MUSCULOSKELETAL
DISEASE DISORDERS DISEASE DISORDERS ~ DEVELOPMENTAL EFFECTS EFFECTS
Heart attack, stroke, Dementia, Alzheimer's, COPD, asthma, Diabetes, obesity,  Pregnancy loss, low birth Osteoporosis,
hypertension, heartfailure  Parkinson's, depression lung cancer metabolic syndrome weight, adverse fetal bone fractures
development

| O Reducing PM, s exposure can interrupt this harmful cascade and protect long-term health. ‘

Figure 3: Air pollutionexertsnultisysteneffectshroughinterconnectetiological
pathwayscludingoxidativestresssystemitflammationendotheliadlysfunction,
immunedysregulationepigenetianodificationsand mitochondrialdysfunction,
ultimatelycontibutingto cardiovasculargspiratoryneurologicametabolictenal,
reproductivendmusculoskeletdlseases.
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Table 2: Emerging Non-Communicable Diseases Attributable to Air

Pollution
Is air
Health pollution International Indian Policy
outcome truly reference reference | Implication
associated?
The2024Lancet A prospective
Diabete<, cohortstudy
Endocrinology c%neollrl:_c;i((ijn
reviewconcluded Chelnnai
thatlongterm demonstrated Integrate
Diabetes PMF.’vexposu_re thatlongterm environment
2 Strong promotesnsulin PMR4 exposure alhealthinto
Metabolic/ evidence resistanceystemic was:associatec I_nd|a's
Syndrome mflammatlo_rand with an dlabetgs
metabolic increased prevention
dysfunction, incidencef strategy
increasingherisk tvpe2 diabetes
of type2 diabetes P
andmetabolic among
syndrome. approximately
12,00Cadults.
Prospective
Indian
longitudinal
A BMJ2023 ev_idgnqe Includgair
Dementia YSISErRYIEs r?—lrg\?vlg\é;grrlll:leed. p;)::]u(;[lr?gn
/_ Sf[rong V%ﬂgggﬁ?gﬂﬁ; 2024Inc_1|i<'_;1n _modifiabl_e
Alzheimer| evidence M. Wei dementiaisk |riskfactorsin
: , WeisskopMG. . .
sdisease BMJ 2023381 analysmcludes demen_tla
ed7162’0 ' out_door/m_door prevention
' air pollution policies.
among
modifiablerisk
factors.
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Is air
Health pollution International Indian Policy
outcome truly reference reference | Implication
associated?
Indianevidence
isderived
primarilyfrom
casecontrol
studies
demonstrating
associations
between
Recensystematic pesticideand Strengthen
reviewsaandmeta other :
: Moderate : surveillance
Parkinson : analysesupportan| environmental
: emerging - andsupport
disease : associatiorput exposureand L
evidence . : .. | longitudinal
causalitys not yet Parkinson's
T . : research.
definitive. diseasayhile
direct
prospective
Indiancohort
studies
evaluating
ambiengir
pollutionremain
limited.
Analysi®f the
NationalMental
Multiplesystematid . Heclal'_[hSqulveyr Recognize
: reviewssupport nvo ylng3 80 mentalhealth
Depressi¢ Moderateo T Indianadults asan
n& strong betweerPMES demorstrated enviraiment
Anxiety | evidence ctwee ' thatlongterm
exposureand o alhealth
depression exposur priority.
' ambienPMF4
wasassociateo
with increased
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Health
outcome

Is air
pollution
truly
associated?

International
reference

Indian
reference

Policy
Implication

oddsof
depressioand
anxiety,
providing
emerging
evidence¢hatair
pollution
contributeso
the burdenof
commonmental
disordersn
India

Pregnanc)
loss&
infertility

Strong
evidencdor
Strong
evidencdor
adverse
pregnancy
outcomes

LancetPlanetary
Healthstudieon
PMF4and
pregnancloss.

An
epidemiologica
studyusing
Demographic
andHealth
Surveydata
from India,
Pakistarand
Bangladesh
(76.9%of
participants
from India)
estimatedhat
nearly349,681
pregnanciosses

annuallyn
SouthAsiawere
attributablego
PMF4
concentrations
exceeding

Air quality
improvemen
shouldbe
integrated
into materna
health
programmes
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Is air
Health pollution International Indian Policy
outcome truly reference reference | Implication
associated?
India'snational
airquality
standard.
Indian
epidemiologica
evidencelirectly
linkingambient
airpollution .
. : Initiate
Multiplemeta W(I:tSrf\eSna 'S national
analyses lackin Exis){[in surveillance
Autism demonstrate In diangliteratur?e of
Spectrum Moderate associations hiahliahts neurodevelo
Disorder| evidence | betweerprenatal envigrjon?nental mental
& ADHD PME4NO F : disordersn
pollutionasan )
exposurand emergingisk relfatlonto
ASD/ADHD factor but environment
alexposures
robust
prospectiver
casecontrol
studiesare
needed
Indianstudies | Air pollution
. have control
Ch”thOd L demonstrated| shouldbe
cognitive Systematireviewof .
: : " thatboth viewedasan
Impairmer;  Strong cognitive household | investmenin
t& evidence impairmengcross biomassmoke! educational
reduced thelife course :
e exposur@nd | attainment
longterm andhuman
ambient capital.
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Is air

Health pollution International Indian Policy

outcome truly reference reference | Implication
associated?

particulateir
pollutionare
associatedith
lowerlQ,
impaired
arithmetic
performance,
reduced
attentionand
pooreroverall
cognitive
development
amongchildren.

Emerging
Indianevidence
suggestthat
longterm
ambienPMFR4
exposures
Recentohort | associatedith | Promote
studiesandreviews  |owerbone further
suggesthronic | mineraldensity| researcland
Osteopord Emerging | PMR4exposurés andbone surveillance
Sis evidence associatedith | mineralkcontent, of bone
lowerbonemineral| indicatinga healthin
densityandhigher potential polluted
fracturerisk increasedisk of regions.
osteoporosis.
However,
prospective
Indianstudies
evaluating
incident
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Is air
Health pollution International Indian Policy
outcome truly reference reference | Implication

associated?

osteoporosiare
lacking.

Key Messages

=4 =

Air pollutionis amultisystentdiseasdeterminant.

Cardiovasculagdiseaseemainsthe leadingpollutionattributablecauseof
death.

Emerging evidencelinks pollution to neurological,metabolic, renal,
reproductiveindchildhooddisorders.

Environmentahealthshouldbeintegratednto India’'sNCD stratgy.
Preventiorof air pollutionis amajorpublichealthintervention.

Air pollution interacts with climate changeand other environmental
exposuret amplifyhealthrisks.

Policy Recommendations

T

T

Strengthenimplementationof the National Clean Air Programme
(NCAP) with explicithealthoutcomandicators.
Revisenationalambientair quality standarddo align progressivelyvith
updatedVHO Air QualityGuidelines.

Integrate air pollution mitigation into the National Programme for
Preventionand Control of Non-Communicable DiseaseNP-NCD) .
Include environmentalexposureassessmenin routine cardiovascular,
respiratorymetabolicheurologicahndreproductivénealthservices.
Establishsentinelsurveillancdor pollutionrelatedneurologicatisorders,
childhoodneurodevelopmentdisordersandchronickidneydisease.
Expand realtime air quality monitoringto underservedirban and rural
districts.
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1 Promote intersectoralcollaboration among the Ministries of Health,
EnvironmentUrbanDevelopmentJransportEnergyandAgriculture.

1 Prioritizeprotectionof vulnerablgopulationgncludingchildren,pregnant
womenplderadultsandindividualavith chronicdiseases.

1 Increasefunding for Indian longitudinal cohort studieson emerging
pollutionrelateddiseases.

1 Developa National Environmental Health Surveillance Programme
adoptinga One Health approach.

1 Establisha NationalEnvironmentaHealth Surveillanc&ystemntegrating
health pollutionandclimatedatasets.

1 MandateHealthimpactAssessnm (HIA) for majorindustrialand urban
developmenprojects.

Air Pollution ResearchGaps

Longitudinalndiancohortstudies
Ruralpopulations
Gen@environmeninteractions
Longtermchildhoodfollow-up

=A =4 4 =2

Why This Matters for India

India experiencesomeof the highestambientPMF4 concentrationglobally,
exposingnillionsof peopleto unhealthyevelsof air pollution.Whilerespiratory
diseaseagmainmportantcontemporargvidencelemonstratebatcardiovascular
diseasestroke diabetes;hronickidneydiseasajeurologial disorderandadverse
pregnancyutcomesaccountfor anincreasinghareof the pollutionattributable
healthburden.Recognizingir pollutionasa common,modifiablerisk factor for
multiple non-communicablediseasesprovides an opportunity to improve
population health through cleanerenergy,sustainabldransport, strengthened
environmentalegulatiorandevidencéasegublichealthpolicy.

Water Pollution: Changing Trends in Human Diseasdi From Traditional
lllnessesto Emerging Health Threats

Watemollutionisnolongersolelyresponsibléor traditionalwaterbornénfections.
Contemporargvidencalemonstratethat contaminateavaterhasemergedisa
major determinanif chronic non-communicabl@liseasethrough exposurego
heavy metals, industrid chemicals, pesticides, pharmaceutical residues,
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antimicrobiatesistanbrganismsandemergingontaminantsuchasmicroplastics
andper andpolyfluoroalkysubstanceg®FAS).

India facesone of the world'slargesipublic healthburdensattributableéo unsafe

water,inadequatsanitatiorand environmentatontaminationdisproportionately
affecting children, pregnantwomen and rural communitieswhile increasingly
contributingto chronicdiseaseamongadults While diarrhoeatliseasesholera,

typhdd, viral hepatitisandfluorosiscontinueto imposea substantigbublichealth

burden,accumulatingvidencdinks longterm exposurgo contaminatedvater

with chronickidneydiseasehypertensionnpeurologicatlisordersdevelopmental
delay,cognitiveimpairmentcancersendocrinedisruption,adversaeproductive
outcomesndantimicrobiatesistancd.hesechangingliseaspatternsinderscore
the urgentneedto integratevaterqualitymanagemennto India‘'spublic health,

environmentgbrotectionandnon-communicabldiseasereventiorstrategies.

Burden of water pollution in India

1 Unsafewater sanitatiorandhygiend WASH)remainmajorcontributors
to preventabldiseasa India,with amortalityrateof approximatel$6.4
deathsper 100,00(populationattributableo unsafeWASH servicesn
2019.

1 Globallyanestimated.4milliondeatheand74milliondisabilityadjusted
life years(DALYS) in 2019wereattributableto unsafedrinking water,
sanitatiorandhygiene.

1 SafeWASH could have preventd approximately69% of diarrhoeal
diseasburdenandsubstantiallyeducedacuterespiratorynfectionsand
undernutritiorworldwide.

{1 Indiacontinueso experienceneof theworld'slargesburdenf disease
attributableto unsafe drinking water, sanitationand environmental
contaminatiorparticularllamongchildrenandvulnerablgopulations.

1 Emerging contaminants including heavy metals, pesticides,
pharmaceuticaksiduesantimicrobialesistanbrganismsinicroplastics
and PFAS) are shifting the hedth burdenfrom predominantlyacute
infectioudisease®wardschronicnon-communicabldiseases.
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THE HEALTH BURDEN OF UNSAFE WATER,
SANITATION AND HYGIENE (WASH) IN INDIA AND THE WORLD

=wrae e (1. UNSAFE WASH o % §\
~:_;:, Unsafe water, inadequate sanitation )
B e " and poor hygiene gz LT b
XA = nsafe nadequate oor
= ’:“ﬁ‘-"yf_‘ * Water Sanit:tion Hygiene
| DEATHS PER 100,000 POPULATION s 2
\ V f (INDIA) ;‘f;’{
A 7 Mortality rate attributable to
S unsafe WASH services in 2019
1.4 MILLION 009
DEATHS GLOBALLY ..‘.

Attributable to unsafe drinking water,
sanitation and hygiene in 2019

\ 4
74 MILLION H
DALYS GLOBALLY &
Disability-adjusted life years

attributable to unsafe WASH in 2019

¥
DISPROPORTIONATELY AFFECTING

& @

)

Children Pregnant Women Rural Communities
Higher risk of infections, Increased risk of anaemia, Limited access to safe water,
adverse itation and

COMMUNICABLE DISEASES

Diarrhoea

from unsafe water and poor sanitation

&

Figure 1.Healthburdenof unsafevatersanitatiorandhygiendWASH)in India
andglobally.UnsafeWASH remainsa major causeof preventablenortalityand
disability, disproportionatelyaffecting children, pregnant women and rural
improvementsan sanitationhave reducedthe burden of
communicabldiseasescreasingnvironmentatontaminations contributingto
atransitiontowardschronicnon-communicabldiseasef®ataadaptedrom WHO

communities While

malnutrition and death pregt Yy
and low birth weight

CHRONIC DISEASES

23 ®

Neurological Cancer  Cardiovascular
Disorders Diseases

Cholera

LG

Typhoid Hepatitis

mical contaminants,
ants, pharmaceuticals

and antimicrobial resistance

Traditionally the major burden Emerging burden due to che

Investing in safe water, sanitation and hygiene today will save millions of lives
and prevent a lifetime of disease tomorrow.

andthe GlobalBurdenof Diseas@nalyses.

Table 1:Changing T
WaterPollution

rendsin Existing Health Consequence#\ssociatedwith
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Historical Indian Polic
Existing disease understandi| Currenttrend : _rolcy
ng evidence | implication
Although
mortalityhas
declinedwvith
improved
sanitatiorand
oral India
rehydration | continuedo
therapy, reporta
" diarrhoeal substantial | Strengthen
Traditionally ) 2
: disease burdenof | safedrinking
attributedo .
: . remainsa acute water
microbial . ,
. . .. | majorcausef | diarrhoeal systems,
AcuteDiarrhoeal contaminatig . , : o
: - morbidity | diseasénked| sanitation
Diseas€ADD) | nof drinking :
among to unsafe |infrastructure
waterand . o
oor childrenand drinking andwater
poor vulnerable water, quality
sanitation. : : i
populations,| inadequate| surveillance
particularly | sanitatiorand
following poorhygiene
floods,urban | practiced5]
sewage
contaminatior
andclimate
relatecevents.
[4]
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“Becomdess | Cholera
L outbreaks
Hlstorlpally frequent, continueto be| Improve
associated| however,
: . reportedrom| outbreak
with localized severalndian| surveillance
ntaminate reak S
contaminate outl_a eaKs states, chlorination,
drinking continueto .
Cholera particularly sewage
waterand | occurdueto .
: following | managemer
poor contaminateg :
o . MONSOO0R andrapid
sanitation municipal :
: ) associated| response
during watersupplies
i water systems.
outbreaks. | floodingand o
: contaminatiol
inadequate (8]
sewage
treatment[7]
Despite
improved : :
T Indiaremains
vaccination
andsanitation oneof the
Traditionally o : highest Strengthen
: antimicrobial
considerea : burden safewater
resistant :
faecoeoral countriedor supply,
i Salmonella . SO
: disease ) typhoid,with | sanitation
TyphoidFever Typhiand )
causedby : contaminatec and
: persistent L . :
contaminate( drinkingwater antimicrobia
water I .
food and .. | continuingo | stewardship
contaminatior :
water. : beamajor | programmes
continueto
- sourceof
sustairdiseasg . :
.~ .l infection[10]
transmission,
[9]
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Improved Recurrent
sanitatiorhas h "
reduced epatitisA
3 chidhood | 2NdE
Traditionally . outbreaks Improve
: transmissiom : R
associated continueto be|  drinking
: manyurban
with settingsbut reported water
Viral HepatitisA | contaminate g acrossevera| treatment,
o outbreaks :
& E drinking : Indianstates| sewage
continue :
waterand dueto infrastructurg
becausef L
poor contaminated contaminatiol andoutbreak
sanitatio. . of drinking | surveillance
municipal water
W:ésvrg‘gg distribution
intrusion[11] systemd12]
Persistent
groundwater
" dependence| Indiaremains  Expand
Traditionally
andover oneof the | groundwate
regardecsa : S .
extractiorhave countrieswvith quality
naturally . o
: expanded | thehighest | monitoring,
occurring . . .9
. chronic fluorosis | defluorinatio
Dental& Skeleta geogenic :
: . fluoride burden, n
Fluorosis disease . ;
: exposurén affecting | programmey
confiredto o
hi : severastates,  millions and
ighfluoride| ™ : -
increasing across provisionof
groundwatel . : .
redions lifelong endemic | safedrinking
9IONS- 1 disabilitfrom | districts[14] |  water.
skeletal
fluorosis[13]
Historically | Increasing Elevated Regular
associated| agricultural nitrate nitrate
Methemoglobin¢ with nitrate- | fertilizeruse | concentratior monitoring
mia(BlueBaby | contaminate( and shavebeen and
Syndrome) wellwater | groundwater| reportedn | protectionof
affecting nitrate groundwater, groundwate
infants. | contaminatior| from several from
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continueto | Indianstates, agricultural
placerural posing contaminatig
infantsatrisk | continuing n.
despite risksto infant
improvementy health[15]
in pipedwater
supply[14]
Emerging
Increasing | Indianstudies
evidence report
suggests | associations
chronic between Integrate
exposuréo | groundwater environmeni
ChronicKidney | Traditionally] contaminateg contaminatiol alexposure
Diseas®f corsidered | drinkingwater, , heavymetals assessmen
Unknown idiopathicor | heavymetals,| andCKD into CKD
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THE EVOLUTION OF WATER POLLUTION

From Traditional Sources to Emerging Contaminants

TRADITIONAL WATER POLLUTION

Pathogens from human

MICROBIAL CONTAMINATION  _of st wincte

Inadequate sanitation
POOR SANITATION and hygiene practices

SURFACE WATER R
CONTAMINATION lakes and reservoirs
Pollutants infiltrate
GROUNDWATER and contaminate
CONTAMINATION groundwater sources
MODERN WATER POLLUTION

Arsenic, lead, mercury,

HEAVY METALS cadmium, chromium

i i Dh
- - and others
ki Industrial effluents,

2 INDUSTRIAL CHEMICALS solvents, dyes and

= persistent chemicals

Agricultural runoff and
PESTICIDES residues from insecticides,

herbicides and fungicides

Per- and polyfluoroalkyl
PFAS substances used in
industrial and consumer
\b products
Plastic fragments from
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ANTIMICROBIAL resistant genes promote
RESISTANCE superbugs in the

environment

G ey el sk o e l;
risks to human health and ecosystems.

Figure 3. Evolutionof watermollutionfrom traditionaimicrobialcontaminatioro
emergingchemicalcontaminantsimprovementsn sanitationhavereducedthe
relativeburdenof manytraditionalwaterbornenfectionswhile industrialization,
agriculturaintensificatiorandpharmaceuticabntaminatiormaveintroducechew
environmental hazards including heavy metals, PFAS, microplastics and
antimicrobiatesistanceesultingn anincreasingurdenof chronicdisease.
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FROM WATER CONTAMINATION TO MULTI-ORGAN DISEASE

Pathways of Emerging Health Effects from Contaminated Water

1. WATER CONTAMINATION
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4. MULTI-ORGAN DISEASE
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Figure 4. Biologicalmechanisménking contaminatedvaterto chronichuman

disease-HeavymetalsjndustrialchemicalspesticidesPFASand pharmaceutical
residuesnduceoxidativestressDNA damagegndocrinadisruptionandimmune

dysregulationgontributingto chronic diseasesffectingthe kidneys,nervous

systemc¢ardiovasculaystemreproductivergansandotherorgansystems.
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Table 2: Emerging Chronic Health Effects Associatedwith WaterPollution
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Key Messages

1.

Waterpollution hasevolvedfrom being primarily aninfectious disease
problem to a major determinant of chronic non-communicable

diseases. While diarrhoealdiseases¢holeraand viral hepatitisremain
Important,increasingvidencdinks contaminateavaterto chronickidney
diseasecancers,neurologicaldisorders,endocrinedysfunction,adverse
reproductiveutcomesndantimicrobiatesistance.

. Chemical contaminants such as arsenic, lead, cadmium, mercury,

chromium, nitrates, pesticides, PFAS and other endocrine-disrupting
chemicalsrepresentemergingpublic healththreats.Longtermlow-dose
exposurethrough drinking water may contribute substantiallfyo chronic
diseasburden.

. Children, pregnantwomen, rural communities and socioeconomically

disadvantagedpopulations remain disproportionately affected. Early
life exposureto contaminateddrinking water may resultin irreversible
developmentalimpairment, reduced cognitive function and adverse
pregnancyutcomes.

. Pharmaceuticalresiduesand antimicrobial resistancehaveemergedas

critical environmental health challenges.Untreatedhospitalwastewater,
pharmaceuticananufacturingeffluents and indiscriminateantibiotic use
contributeto the environmentaldisseminatiorof antimicrobiatesistant
organismdjighlighing theimportanceof aOneHealthapproach.

. Safedrinking water should be recognizedas a cornerstoneof chronic

diseaseprevention, environmental sustainability and human capital
development.Investmentsn waterqualityimprovemenhavethe potential
to reduceboth communicablandnon-communicabldiseasburdensvhile
promotinglongtermeconomigroductivity.

Policy Recommendations

StrengthenWaterQuality Surveillance

T

Expandcontinuousurveillancef drinkingwaterqualityatnationalstateand
districtlevels.
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1 Periodicallymonitor heavymetals,pesticidesPFAS, endocrinedisrupting

chemicalandpharmaceuticatsidues drinkingwater.

1 Develop integratedwater quality databasesaccessiblego health and
environmentahgencies.

Improve SafeDrinking Water Infrastructure

1 Accelerateniversahccesto safepipeddrinkingwaterunderthe JalJeevan
Mission.

1 Upgrade municipal water treatment facilities to remove emerging
contaminants.

1 Promotesustainablgroundwatemanagemerdnd ranwaterharvestingo
reducedependencen contaminatedquifers.

Control Industrial and Agricultural Pollution
1 Enforcestricterregulatiorof industrialvastewatedischarge.

1 Strengthenmonitoring of mining, tannery, textile and electroplating
industries.

1 Promote rational pesticideand fertilizer use through environmentally
sustainablagriculturapractices.

AddressPharmaceuticalPollution and AMR

1 Mandateadvancedvastewatetreatmentfor pharmaceuticahanufacturing
unitsandhospitals.

1 Devebp national surveillancesystemsfor pharmaceuticatesiduesand
antimicrobiatesistancgenesn aquatienvironments.

7 Integrateenvironmentamonitoringinto India's National Action Planon
AntimicrobialResistancesinga One Healthframework.

N . (221
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Integrate Environmental Health into Healthcare

1 Includeenvironmentagxposurdiistoryduringevaluatiorof CKD, cancers,
developmentalisorderandreproductivdrealthconditions.

1 Incorporatewater quality risk assessmentnto maternaland child health
programmes.

1 Strengthercollaborationbetweenpublic health,environmentabnd water
resourcelepartments.

EnhanceResearchand Innovation

1 Promotemultidisciplinaryesearclon emergingontaminantsnicroplastics,
PFASandendocrinalisruptingchemicals.

1 Encouragdongitudinalcohort studiesevaluatingchronic healtheffectsof
waterpollutionin India.

1 Develop indigenoustechnologiedor affordable water purification and
contaminanmonitoring.

WaterPollution ResearchGaps

1 Large prospectivelndian cohort studiesevaluatingchronic exposureto
contaminatedrinkingwaterandlongtermhealthoutcomes.

7 National surveillancedata on PFAS, microplasticsgndocrinedisrupting
chemicalandpharmaceuticatsidues drinkingwater.

1 Betterunderstandingf cumulativénealtheffectgesultingrom simultaneous
exposuréo multiplecontaminants.

1 Longitudinaktudie®valuatinglevelopmentaleproductiveandneurological
outcomedollowingprenatabndchildhoodexposure.

1 Researclon climatechang, groundwatedepletionand their interactions
with waterqualityandhumanhealth.
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1 Standardizeenvironmentadurveillancéor antimicrobiatesistancgenesn
surfacavater groundwateandwastewater.

1 Costeffectivenesstudiesevaluatingnterventiongor removalof emerging
contaminantfrom drinkingwater.

1 Developmentof integrated One Health surveillancesystemslinking
environmentaionitoringwith humanandanimahealthoutcomes.

1 Developmenbf inexpensiveointof-caretechnologiefor detectingheavy
metalsPFASandpharmaceuticaésidues drinkingwater.

Why This Matters for India

Indiais undergoing significanepidemiologicdfansitionin the healtheffectsof
waterpollution.Whileremarkablprogresfiasbeemachieveih reducingraditional
waterborne infections through improved sanitation and drinking water
programmesemeging contaminantsiow pose complexand longterm public
healthchallengeS€hronicexposuréo heavymetalsindustriathemicalgesticides,
pharmacdical residues and antimicrobiatesistant organisms increasingly
contributesto chronickidneydiseasegancersneurologicatlisordersendocrine
dysfunctionreproductivaelisorderanddevelopmentampairment.

Rapidurbanizationindustrializationagriculturalntensificatiorand groundwater
depletionhaveincreasediependencen contaminatedvatersourcesn several
regionsof the country. Vulnerablepopulationsg including children, pregnant
women, rural commuiities and economicallydisadvantagedroydi bear a

disproportionatshareof thisburden.

Addressingvatempollutionshouldthereforebeviewedot onlyasanenvironmental
priority but also as a fundamentalstrategyfor preventingchronic diseases,
improving maternaland child health, safeguardinduture human capital and
strengtheningndia'seconomigoroductivity. A comprehensiveationalapproach
integratinggnvironmentakegulationpublichealthywateresourcenanagemerand
the One Healthframeworkwill be essentidio achievingustaindle development
andprotectinghe healthof futuregenerations.

Unlike traditionalwaterborneinfections,many chronic health effectsof water
pollution are cumulativejrreversibleand clinicallysilentduring the earlystages,
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makingpreventionthroughenvironmentategulatiorsubstantiallynore effective
thantreatmenafterdiseasenset.

Soil Pollution: Changing Trends in Human Disease - From Traditional
llInessesto Emerging Health Threats

Executive Summary

Soil pollution has emergedas a major but underrecognizedenvironmental
determinanbf humanhealth. Traditionallyviewedasan agriculturabr ecological
iIssuecontemporargvidencelemonstratehatcontaminatedoilsactaslongterm
reservoirsof heavy metals, persistentorganic pollutants (POPSs), pesticides,
endocrinaisrupting chemicalsmicroplasticsaand pharmaceuticalesiduesthat
enterthe humanfood chain.

Chronic exposure contributes to cancer, chronic kidney disease,
neurodevelopmentdisordersParkinsordiseasesndocrinalysfunction,infertility

and metabolicdiseasethroughbioaccumulatiomxidativestressand epigenetic
alterationdndia'srapidindustrializationntensiveagricultureminingactivitiesand

increasinggenerationof hazardouswaste have heightenedthe risk of soill

contaminationmaking soil health an important componentof food security,
environmentadustainabilitgndchronicdiseaserevention.

Recognizingsoil pollution as a public health issue rather than solely an
environmentakoncernis essentiafor achievinglndia's goalsrelatedto food
securityhon-communicableliseasgrevention gnvironmentasustainabilitand
OneHealth.
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Figure 1. Major sourceandpathway®f soil pollution.Industrializationmining,
intensive agriculture,hazardouswaste and urbanizationintroduce persistent
contaminantsto soil,whichsubsequentintercrops livestockgroundwateand
ultimately the human food chain. Adapted from the FAOAUNEP Global
Assessmeraf SoilPollution.

ReferenceFAO & UNEP GlobalAssesmentof SoilPollution(Refl)

Burden of the Disease

Alndia has an estimated 147million hectaresof degradedland, representing
nearly45% of the country's total geographicalarea Watererosion(94 million
ha),soilacidity(16million ha),flooding(14million ha),wind erosion(9 million ha)
andsalinity(6 millionha)aremajorcontributorsincreasinthesusceptibilitpf soils
to contaminatiomndreducingagriculturaprodtctivity.

AAccordingto the Central Pollution Control Board (CPCB), India has over
69,000hazardouswaste-generating industries, which generate@approximately
8.78 million metric tonnes of hazardouswaste during 20192020 Gujarat,
Maharashtrand Tamil Nadu togetheraccountfor a substantiaproportion of
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