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ABSTRACT

SewageSludgeisonethemajorissuefacingforanySewageTreatmentPlantforits

properdisposal.ThefinalSludgecollectedfrom STP’srequiredlargespacefordisposal

andspaceshouldbefarawayfrom residentialcommunity.SewageSludgecontains

highamountofnutrientsintheform ofwastewater.Thesewastewateraretreatedin

SewagetreatmentplantandseparationofSludgefrom wastewateristakenoutusing

varioustypeoftechnology.Thesludgeseparatedfrom wastewaterarefurthertreatedin

sludgetreatmentunitandremovalofmaximum amountofwateraredoneusingvarious

equipment.Thetreatedwaterisreusedforvariouspurposesordischargeintoriver

bodiesandthesludgeaftertreatmentaresendtodisposalsite.Thisstudyfocuseson

theutilizationofthesesewagesludgeasafertilizerandcomparisonofthissludgewith

chemicalfertilizer.Thecontentofnutrientinsewageshowssignificantresultson

applicationwithvariousplantsanddiscussedtheeffectofsewagefarmingonsoil

quality.

Keywords:SewageSludge,Chemicalfertilizers,Normalsoil,Nutrientsvalue
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CHAPTER1

INTRODUCTION

1.1Overview

Theadequatemanagementofsludgefrom urbanwastewatertreatmentplantsis

acriticalglobalenvironmentalconcernduetopopulationgrowthinurbancentres,

which increases the production ofindustrialand household waste and the

amountofwastewaterthatmustbe processed by treatmentplants.The

treatmentofwastewatergeneratesasemi-solidresidue;thefinaldisposalofthis

residuerequirespermanenttechnicalandscience-basedsolutionstoprevent

contaminationofthenaturalenvironment.Themosteconomicaloptionsthatare

availablefortheeliminationofsludgeentailitsuseasafertiliserinagricultureor

itsdisposalinlandfills.Theincentivetoapplysludgeinagriculturalareasis

significantlygiventheabilityofthiswasteproducttoserveasafertiliserandtheir

soilpositivelyinfluence.Conversely,the continualuse ofmineralfertilisers

causesalossofsoilorganicmatterandothernegativeimpacts(e.g.adecrease

insoilfaunaorcontaminationofwaterbodies)andreducesthecapacityofsoilto

crop production.Considering its differentcomponents,the organic matter

contentinsludgeimprovesthedensity,porosityandwaterretentioncapacityof

soiland promotestheactivation ofmicroorganismsand soilenzymes.The

Sewagesludgeapplication(sanitised,stabilisedanddry)favoursgerminationand

plantgrowth,increasestheproductionofvariouscropsandimprovesthequantity

ofplantproteinanddrymatter.Theapplicationofthiswasteproductcanproduce

aseasonalshiftthatcausestheearlyflowering/fruitingofcrops(e.g.flaxand

cotton)andreducethegrowingperiod.Differentrisksareassociatedwiththe

chemicalcompositionofsludge,whichareprimarilyrelatedtoitsheavymetal

content.Theuseofsludgeaffectsthefinalconcentration,solubility(therelative

presenceoffulvicandhumicacidmayaidtheremovalofheavymetals)andfinal

bioavailabilityofheavymetalsinthesoil.Similarly,anexcessiveaccumulationof
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metalsnegativelyinfluencesthedevelopmentofmycorrhizae.Anuncontrolled

biosolidsapplicationcanprovokeasoilnutrientexcess(N,P)andpotentially

contaminateaquifers.DeficitsinthelevelsofKandMninplantshavealsobeen

detected,whichsignalstheneedforchemicalfertiliserstomaintainsustained

medium-term and long-term production.The sludge use also favours the

persistence ofpesticides thatare applied during crop cultivation.Another

considerationisthehighvariabilityinsludgecomposi‐tion,whichisdependent

ontheinputsofwastewatertreatmentplants,seasonandtypeofwastepost-

treatment.Therefore,thesludgechemicalcompositionmustbedeterminedprior

toitsapplicationincropsoils,andfieldassaysshouldbeperformedtodetermine

thefertili‐sationcapacityofsludgeanditsenvironmentalimplications.

Wastewatertreatmentplants(WWTP)generatetwo outputstreams:sewage

sludgeandtreatedeffluent.Sewagesludgeisgeneratedthroughtheremovalof

suspendedsolidsandsludgefrom theinfluentwastewater,andtreatedeffiuentis

dischargedtowatercourse.Wastewatertreatmentcanbeacomplicatedprocess;

severaldifferentdesignsareused,utilisingmechanical,biological,andchemical

methods,invariouscombinations.Thedifferencebetweenfacilitiesdepends

mostlyontheextentofwaterpurificationanddisposalmethodusedforsludge.In

itssimplestform thetreatmentprocesscanbeseenasincludinguptothree

levels orstages oftreatments:primary,secondary,and tertiary.In primary

treatmental1wastesthateitherfloatorsinkareremovedbyscreening.This

primarilyremovesdebrisfrom theraw sewagebutmostoftheorganicwaste

staysinthesuspensionorsolution.Aftertheinitialscreening,mostoftheorganic

wasteisremovedfrom thesewagethroughsettlingintanks.From therethe

organic waste is subsequently removed into separate sludge treatment.In

secondary treatment,the activity ofnaturally occurring microorganisms is

encouragedtodigesttheorganicresiduesinaerobicandanaerobicenvironments.

Thisresultinflocculationofsolidsproducedbythemicrobialactivity,whichare

removedfrom thewastewaterprocessintosludgetreatmentprocess.Tertiary

treatmentofwastewaterconsists ofphysical(e.g.filtration)and chemical
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processes(e.g.additionoflime,ironoraluminium cornpounds)toflocculate

solids and precipitate nutrients.Afterinitialthickening ofsludge,biological

activityissupportedforanextendedtime,mostlytoreducebulkandmakethe

sludgemoremanageable.Duringstabilisationtheodourpotentialandnumberof

pathogenicorganismsisreduced,andsomemineralizationofplantnutrients

occurs(MinistryofAgricultureandFood,MinistryoftheEnvironment,Ministryof

Health1986).Insomepartsoftheworld,compostingofsewagesludgehas

becomeincreasinglypopular,andlimeadditionisalsoused.Theadditionof

precipitantscanoccuratvariousstagesofthewastewatertreatmentprocess,

dependingonthedesignofthefacility.AtsomeWWTP,increasingsolidscontent

byvariousmethodsispracticed to reducebulkand makethesludgemore

manageableforutilization ordisposal.Sludgevalueasafertilizerand soi1

amendmentdepends to a large degree on the combination and extentof

processesdescribedabove,especiallychemicaltreatments.

1.2NeedofFertilizer:

Plants,likeallotherlivingthingsneedfoodfortheirdevelopmentandgrowth,and

theyrequire16essentialelements.Hydrogen,carbonandoxygenarederived

from the atmosphere and watersoil.The remaining 13 essentialelements

(manganese,nitrogen,calcium,phosphorus,potassium,zinc,magnesium,sulfur,

iron,copper,boron,molybdenum,andchlorine)aresuppliedeitherfrom soil

minerals and soilorganic matterorbyinorganic ororganic fertilizers.The

microorganismsinbio-fertilizersrestorethesoil'snatural nutrientcycle andbuild

soilorganicmatter.Throughtheuseofbio-fertilizers,healthyplantscanbegrown,

whileenhancingthesustainabilityandthehealthofthesoil.Sincetheyplay

severalroles,apreferredscientificterm forsuchbeneficialbacteriais"plant-

growth promoting rhizobacteria" (PGPR). Therefore, they are extremely

advantageousinenrichingsoilfertilityandfulfillingplantnutrientrequirementsby

supplyingtheorganicnutrientsthroughmicroorganism andtheirbyproducts.

Hence,bio-fertilizersdonotcontainanychemicalswhichareharmfultotheliving
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soil.

1.3PlantNutrients:

1.3.1 PrimaryMacronutrientsrequiredforPlants:

Theessentialplantnutrientsinclude carbon,oxygen and hydrogen which are

absorbedfrom theair,whereasothernutrientsincludingnitrogenaretypically

obtainedfrom thesoil(exceptionsincludesomeparasiticorcarnivorousplants).

Thereare17mostimportantnutrientsforplants.Plantsmustobtainthefollowing

mineralnutrientsfrom theirgrowingmedium:

 Themacronutrients: 

nitrogen(N), phosphorus (P), potassium (K), calcium(Ca), sulfur(S), magnesiu

m(Mg),carbon (C), oxygen(O), hydrogen (H)

 Themicronutrients(ortraceminerals): 

iron(Fe), boron (B), chlorine (Cl), manganese (Mn), zinc (Zn), copper (Cu), moly

bdenum (Mo), nickel (Ni)

Theseelementsstaybeneathsoilassalt.Soplantsconsumetheseelements

as ion.The macronutrients are consumed in largerquantities;hydrogen,

oxygen,nitrogenandcarboncontributetoover95%ofaplants'entirebiomass

onadrymatterweightbasis.Micronutrientsarepresentinplanttissuein

quantitiesmeasuredinpartspermillion,rangingfrom 0.1 to200 ppm,orless

than0.02%dryweight.

1.3.2Nitrogen

AlthoughEarth’satmospherecontains78%nitrogengas(N2),mostorganism

cannotdirectlyuse this resource due to the stabilityofthe compound.

Nitrogen is a majorconstituentofseveralofthe mostimportantplant
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substances.Forexample,nitrogencompoundscomprise40% to50% ofthe

drymatterof protoplasm,anditisaconstituentof aminoacids,thebuilding

blocksof proteins.[5] Allorganismsusetheammonia(NH3)form ofnitrogento

manufacture amino acids,proteins,nucleic acids and other nitrogen-

containingcomponentsnecessaryforlife.Nitrogenisrequiredforcellular

synthesisofenzymes,proteins,chlorophyll,DNAandRNA,andistherefore

importantinplantgrowthandproductionoffoodandfeed.Ittypicallymakes

uparound4%ofthedryweightofplantmatter.Inadequatesupplyofavailable

Nfrequentlyresultsinplantsthathaveslowgrowth,depressedproteinlevels,

pooryieldoflow qualityproduce,andinefficientwateruse.Thesourcesof

nitrogenusedinfertilizersaremany,includingammonia(NH3),diammonium

phosphate((NH4)2HPO4),ammonium nitrate(NH4NO3),ammonium sulfate

(NH4)2SO4),calcium cyanamide(CaCN2),calcium nitrate(Ca(NO3)2),sodium

nitrate(NaNO3),andurea(N2H4CO).

1.3.3Phosphorus

Phosphorus(P)isamajorgrowth-limitingnutrient,andunlikethecasefor

nitrogen,thereisnolargeatmosphericsourcethatcanbemadebiologically

available.Rootdevelopment,stalk and stem strength,flowerand seed

formation,cropmaturityandproduction,N-fixationinlegumes,cropquality,

and resistance to plant diseases are the attributes associated with

phosphorusnutrition.

Althoughphosphorusuptakebyplantsislesscomparedto nitrogenand

potassium,normalplant growth cannot be achieved without it.The

concentrationofsolublephosphorus(P)intropicalsoilisusuallyverylow,

phosphorusisonlyavailableinmicromolarquantitiesorless.Phosphorusis

concentratedatthemostactivelygrowingpointsofaplantandstoredwithin

seedsinanticipationoftheirgermination.Phosphorusismostcommonly

foundinthesoilintheform ofpolyproticphosphoricacid(H3PO4),butistaken

upmostreadilyintheform ofH2PO4.Phosphorusisavailabletoplantsin
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limited quantities in mostsoils because itis released veryslowlyfrom

insoluble phosphates and is rapidly fixed once again. Under most

environmentalconditionsitistheelementthatlimitsgrowthbecauseofthis

constrictionandduetoitshighdemandbyplantsandmicroorganisms.Plants

canincreasephosphorusuptakebyamutualism withmycorrhiza.[6] TheP-

contentinaveragesoilsisabout0.05%(w/w)butonly0.1%ofthetotalPis

availabletoplants.Somemicroorganismsareknowntobeinvolvedinthe

solubilizationofinsolublephosphate.

1.3.4Potassium

Potassium (K)concentrationsinmostplantsrangefrom 1to4% byweight.

Unliketheotherprimarynutrients,Kformsnoothercompoundsintheplant,

butremainsaloneion.Potassium isalsovitalforanimalandhumannutrition,

andthushealthyfruits,vegetablesandgrainsmusthaveadequatelevelsofK.

Potassium regulatestheopeningandclosingofthe stomata byapotassium

ion pump.Since stomata are importantin waterregulation,potassium

regulates water loss from the leaves and

increases drought tolerance. Potassium deficiency may cause necrosis or

interveinalchlorosis.Thepotassium ion(K+)ishighlymobileandcanaidin

balancingtheanion(negative)chargeswithintheplant.Potassium helpsin

fruitcoloration,shapeandalsoincreasesits brix.Hence,qualityfruitsare

produced in potassium-rich soils.Potassium serves as an activatorof

enzymesusedinphotosynthesisandrespiration.[6] 

Potassium deficiencymaycausenecrosisorinterveinalchlorosis,wilting,

brownspotting,andhigherriskofpathogens.K+ishighlymobileandcanaid

inbalancingtheanionchargeswithintheplant.Itservesasanactivatorof

enzymesusedinphotosynthesisandrespiration.

Potassium is used to build cellulose and aids in photosynthesis bythe

formationofachlorophyllprecursor.
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Potassium fertilizers:Potassium chloride[KCl],Potassium sulfate[K2SO4],

Potassium nitrate[KNO3],Potassium-magnesium sulfate[K2SO4.2MgSO4].

1.4SecondaryMacronutrients

Sulfur(S),calcium (Ca),and magnesium (Mg)areconsidered secondary

macronutrients because they are less commonly yield-limiting than the

primarymacronutrients(N,P,andK),yetarerequiredbycropsinrelatively

largeamounts.

1.4.1Calcium

Calcium isoneofthemainsecondarynutrientsnecessaryforhealthyplant

growth.Importantsourcesofcalcium arevariousfertilizerssuchasasingle

andatriplesuperphosphate,aprecipitate,acalcium nitrate,etc.Theotherway

forenriching soils bycalcium is liming.Forthis purpose,a dolomite,a

magnesiteandvariouscalcium carbonatemineralsareused.

1.4.2Magnesium (Mg)

Magnesium isanessentialcomponentofchlorophyll,soitisessentialfor

photosynthesis.Italso regulatestheuptakeofotheressentialelements;

servesasacarrierofphosphoruscompounds,facilitatestranslocationand

metabolism ofcarbohydrates.Itconsideredashighlymobilenutrientinplants;

relativelyimmobileinsoils.Magnesium isanactivatorandcomponentofmany

plantenzymesrequiredingrowthprocess,andenhancesproductionofoils

andfats.Magnesium fertilizersinclude:Dolomite[CaMg(CO3)2],Magnesium

sulfate,Epsom sal.ts[MgSO4.7H2O],Magnesium oxide[MgO]contains55%Mg

.

1.4.3Sulfur(S)

Integralcomponentofaminoacids,thereforeessentialtoproteinsynthesis.It

consideredasessentialcomponentofoilsinaromaticcompounds(e.g.,garlic

and onion),production ofchlorophyll,essentialfornodule formation on

legume roots,increases size and weightofgrain crops,aids in seed
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production.Highlymobilenutrientinplants;mobileinsoils.

Sulfur is a structural component of some amino acids

(including cystein and methionine) and vitamins, and is essential

for chloroplast growthandfunction;itisfoundintheiron-sulphurcomplexes

oftheelectrontransportchainsinphotosynthesis.ItisneededforN2 fixation

bylegumes,andtheconversionofnitrateintoaminoacidsandtheninto

protein.

1.5TheMicronutrientsorTraceMinerals

Boron(bo): affectswaterabsorptionbyrootstranslocationofsugars;

Chlorine(cl): isanessentialtosomeplantprocesses,actsintheenzyme

systems;

Manganese(mn): isessentialinplantmetabolism,nitrogentransformation;

Iron(fe): helpsincarryingelectronstomixoxygenwithotherelements;

Zinc(zn):isimportantinplantsmetabolism,helpsform growthhormones,

andreproduction;

Copper(cu): helpsintheuseofiron,andhelpsrespiration;

Molybdenum (mo): improveplantdevelopment,reproduction,

1.6TYPESOFFERTILIZERS

Therearetwotypesofsuppliesforagriculture,specificallyfertilizerandpesticide.It

canbesaidthatfertilizerisfood,andpesticideismedicineforplantsinconventional

agriculture.Amongthematerialsusedinagriculture,fertilizeristhemostwidelyused.

Based onthe production process,it can be roughly categorized into three

types: CHEMICAL,ORGANICANDBIOFERTILIZER.
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1.6.1CHEMICALFERTILIZERS(SyntheticFertilizer)

Fertilizers play an important role in increasing crop production. The main

macronutrients presentin inorganic fertilizers are nitrogen,phosphorus,and

potassium whichinfluencevegetativeandreproductivephaseofplantgrowth.

1.6.1.ATheAdvantagesofUsingChemicalFertilizers

Nutrientsaresolubleandavailabletotheplants,thereforetheeffectisdirectandfast,

thepriceislowerandmorecompetitivethanorganicfertilizer,whichmakesitmore

acceptableandoftenappliedbyusers.Theyarequitehighinnutrientcontent;only

relativelysmallamountsarerequiredforcropgrowth.

1.6.1.BDisadvantagesofChemicalFertilizers

Theuseofchemicalfertilizersalonehasnotbeenhelpfulunderintensiveagriculture

becauseitaggravatessoildegradation.Thedegradationisbroughtaboutbylossof

organicmatterwhichconsequentlyresultsinsoilacidity,nutrientimbalanceandlow

cropyields.

Duetoitshighsolubility,upto70%ofinorganicfertilizercanbelostthroughleaching,

denitrificationanderosionandreducingtheireffectiveness.

Overapplicationcanresultinnegativeeffectssuchasleaching,pollutionofwater

resources,destructionofmicroorganismsandfriendlyinsects,cropsusceptibilityto

diseaseattack,acidificationoralkalizationofthesoilorreductioninsoilfertility.

1.6.2ORGANICFERTILIZERS

Organicfertilizerreferstomaterialsusedasfertilizerthatoccurregularlyinnature,

usuallyasabyproductorendproductofanaturallyoccurringprocess.

Likeanyfertilizer,organicfertilizerstypicallyprovidethethreemajormacronutrients

requiredbyplants:nitrogen,phosphorus,andpotassium. Organicfertilizersinclude
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naturally occurring organic materials,(e.g.manure,worm castings,compost,

seaweed),ornaturallyoccurringmineraldeposits.

1.6.2.ATypesofOrganicFertilizers

1-Animalmanures:

Animalmanuresareprobablythemostcommonlyavailableorganicmaterialusedfor

theirfertilizervalue.Animalmanureisessentiallyacompletefertilizer

2-Sewagesludge:

Itisarecycledproductofmunicipalsewagetreatmentplants.Formscommonly

availableareactivated,compostedandlime-stabilized

3-Plantsubstances

Theyareoftenrichinspecificnutrients,suchasnitrogen.

4-Composts

Althoughmakingcompostfrom avarietyofraw materialsispossible,thefinished

productsareremarkablysimilarintheirfinalconcentrationsofnitrogen,phosphorus,

andpotassium.

 1.6.2.BAdvantagesofOrganicFertilizers

Organicfertilizersarebettersourcesofnutrientinbalancedamountsthaninorganic

fertilizerswheresoilisdeficientinbothmacroandmicronutrients.

Organicbasedfertilizeruseisbeneficialbecauseitsuppliesmicronutrients,and

organiccomponentsthatincreasesoilmoistureretentionandreduceleachingof

nutrients.

Organicfertilizerscanbeusedonacidtolerantandthosebettersuitedtoneutralor

alkalineconditions.

Inadditiontoincreasingyieldandfertilizingplantsdirectly,organicfertilizerscan

improvethebiodiversity(soillife)andlong-term productivityofsoil,andmayprovea
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largedepositoryforexcesscarbondioxide.

Organicnutrientsincreasetheabundanceofsoilorganismsbyprovidingorganic

matterandmicronutrientsfororganismssuchasfungalmycorrhiza.

1.6.2.CDisadvantagesofOrganicFertilizers

Hardtoget,Notsterile,Lownutrientcontent,Generallycostssignificantlymorethan

synthetic fertilizer,Organic certification requires documentation and regular

inspections,Organicfertilizersstillreleasenutrientsintotheirsurroundings;these

nutrientscanfindtheirwayintolocalstreams,rivers,andestuariesjustasnutrients

from syntheticsourcesdo.

1.6.2BIOFERTILIZERS

Biofertilizers are commonly called microbialinoculants which are capable of

mobilizingimportantnutritionalelementsinthesoilfrom non-usabletousableform

throughbiologicalprocesses.

Theterm ‘biofertilizer’includeselectivemicro-organism likebacteria,fungiandalgae

whicharecapableoffixingatmosphericnitrogenorconvertsolublephosphateand

potashinthesoilintoformsavailabletotheplants.Soilmicroorganismsplayan

importantroleinsoilprocessesthatdetermineplantproductivity.Bacterialivingin

thesoilarecalledfreelivingandsomebacteriasupportplantgrowthindirectly,by

improving growth restricting conditions either via production of antagonistic

substancesorbyinducingresistanceagainstplantpathogens.

Theinteractionsamongtherhizosphere,therootsofhigherplantsandthesoilborne

microorganismshaveasignificantroleinplantgrowthanddevelopment.Theorganic

compounds,releasedbyrootsandbacteria,playanimportantroleintheuptakeof

mineralnutrient.Thehormonesproducedbytherhizospherebacteriahavedirect

effectsonhigherplants.Biofertilizerismostcommonlyreferredtotheuseofsoil

microorganismstoincreasetheavailabilityanduptakeofmineralnutrientsforplant

1.6.3.AAdvantagesofBiofertilizers
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Biofertilizershavedefiniteadvantageoverchemicalfertilizers.

 Theuseofbiofertilizerseffectivelyenrichthesoilandcostlessthanchemical

fertilizers,whichharm theenvironmentanddepletenon-renewableenergy

sources..

 Chemicalfertilizerssupplyovernitrogen whereasbiofertilizersprovide in

addition to nitrogen certain growth promoting substanceslikehormones,

vitamins,aminoacids,etc.,.

 Ontheotherhandbiofertilizerssupplythenitrogencontinuouslythroughout

theentireperiodofcropgrowthinthefieldunderfavorableconditions.

 Continuoususe ofchemicalfertilizersadverselyaffectthe soilstructure

whereasbiofertilizerswhenappliedtosoilimprovethesoilstructure.

 Theeffectsofchemicalfertilizersarethattheyaretoxicathigherdoses.

Biofertilizers,however,havenotoxiceffects.

The utilization ofmicrobialproductshasseveraladvantagesoverconventional

chemicalsforagriculturalpurposes:

(1) MICROBIAL PRODUCTS ARE CONSIDERED SAFER THAN MANY OF THE

CHEMICALSNOW INUSE;

(2) NEITHER TOXIC SUBSTANCES NOR MICROBES THEMSELVES WILL BE

ACCUMULATEDINTHEFOODCHAIN;

(3) SELF-REPLICATIONOFMICROBESCIRCUMVENTSTHENEEDFORREPEATED

APPLICATION;

(4) TARGETORGANISMSSELDOM DEVELOPRESISTANCEASISTHECASEWHEN

CHEMICALAGENTSAREUSEDTOELIMINATETHEPESTSHARMFULTOPLANT

GROWTH.

(5) PROPERLY DEVELOPED BIOCONTROL AGENTS ARE NOT CONSIDERED

HARMFULTOECOLOGICALPROCESSESORTHEENVIRONMENT.
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1.6.3.BTypesofBiofertilizers

Thefollowingcommontypesofbiofertilizersareavailabletothefarmersinvarious

countries

 Nitrogen fixing biofertilizers eg. RHIZOBIUM, BRADYRHIZOBIUM,

AZOSPIRILLUM and AZOTOBACTER.

 Phosphorous solubilising biofertilizers (PSB) eg. BACILLUS,

PSEUDOMONAS and ASPERGILLUS

 Potassium mobilizingbiofertilizer FRATEURIAAURENTIA

 Plantgrowthpromotingbiofertilizerseg. PSEUDOMONAS

Table1.1TypeofBiofertilizer

Sr.No Nameoftheproduct Classification Role

1. NitrogenfixerBiofertilizer

a.       AZOTOBACTERVINELINDII Biofertiizer N-fixer

b.       AZOTOBACTERCHROOCOCCUM Biofertiizer N-fixer

c.       

 
AZOTOSPIRILLUM LIPOFERUM Biofertiizer N-fixer

d.       ACETOBACTERXYLINUM Biofertiizer N-fixer

e.       

 
RHIZOBIUM Biofertiizer N-fixer

2. PhosphatesolubilizerBiofertilizer

    a. PSEUDOMONASPUTIDA    

    b. BACILLUSMEGATHERIUM    

3. K-solubilizer
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    a. FRATEURIAAURENTIA    

TheproductsinabovetablearesomeexamplesofbiofertilizerswhichprovidesN,P,

Ktotheplant.

 1.6.3.CHowbiofertilizerswork?

 Biofertilizersfixatmosphericnitrogeninthesoilandrootnodulesoflegume

cropsandmakeitavailabletotheplant.

 Theysolubilizetheinsolubleformsofphosphatesliketricalcium,ironand

aluminium phosphatesintoavailableforms.

 Theyscavengephosphatefrom soillayers.

 Theyproducehormonesandantimetaboliteswhichpromoterootgrowth.

 Theydecomposeorganicmatterandhelpinmineralizationinsoil.

 Whenappliedtoseedorsoil,biofertilizersincreasetheavailabilityofnutrients

andimprovetheyieldby10to25% withoutadverselyaffectingthesoiland

environment.
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CHAPTER2

LITERATUREREVIEW

Someexistingliteraturesorresearchpapersarediscussedinordertopresentthe

currentworkefficiently.Theseliteraturesareveryusefulandalsothebaseofthe

currentwork.

Ma.DelMarDELGADOARROYO[1]stateintheirresearchpaperthattheuseofan

organicresidue(sewagesludgecompost)forfouryears(1996-1999),to study

effectsofsewagecompostoncropyieldandchemicalpropertiesofsoilunderfield

condition.Productivitystudiesshowedthatthegreatestgrowthisobtainedinmixed

IItreatment(12000kg/hasewagesludgecompostplus350kg/haurea)with20%

morethanmineralfertilization,followedbymixedI(8000kg/hasewagesludge

compostplus350kg/haurea)with10% morethanmineralfertilization.Notoxic

effectsarisingfrom theheavymetalsintheplantwereobserved.Moreover,the

concentrationof heavymetalsinthesoilarebelow SpanishandEuropeanlegal

limits.

A.SUS[2]studiedthehighnutrientandorganic-mattercontentsofsewagesludge

makeitausefulsoilamendmentforfarmers.InthisstudyatfourlocationsinBavaria,

theapplicationofsewagesludgeproducedcornyieldsthatweresimilartoorbetter

thanthoseproducedbyanequalapplication(intermsofN)ofchemicalfertilizer.

Highratesofsludge(800m3/ha)furtherimprovedcropyields,althoughsuchare

impracticalfor farmers'fields.Residualbeneficialeffects of sewage-sludge

applicationwereseenalsointermsofsubsequentyieldsofbarley.Applicationof

sludgealsoimprovedbiologicalandphysicalpropertiesofthesoils.Morelong-term

studiesareneededtobetterunderstandhow sewagesludgecontributestothe

improvementofsoilfertilityandcropyields.
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LucreziaLamastra[3]explainedintheirpaperthataneffectiveanalyticmethodfor

organicpollutantsdetectioninthesewagesludgehasbeendeveloped,showingan

excellent repeatability and recoveries.Ecotoxicologicalrisk assessment was

evaluatedusingriskquotients(RQs)forsludge-amendedsoil.Mostoftheanalyzed

samplesdo notcontainNP,NPnEOs,andDEHP atlevelshigherthanthelimit

establishedbythedraft-workingdocumentoftheEuropeanCommissiononSludge.

TheassessmentusingRQsreportsthatNPandNPnEOsnevergivevalueshigher

than1,andforDEHPtheobtainedRQsexceedthevalueof1justthreetimes.Data

obtainedwerecomparedtothedatafrom otherEuropeanandAsiaticcountries,

showingahugevariabilityforallthecompoundsconsidered.

Md.LokmanHossain[4]thestudywasconductedtoevaluatetheeffectsofsludge

(industrialand residential)on seed germination and growth performance of

Swietenia mahagoniseedlings at the nursery of Institute of Forestry and

EnvironmentalSciences,ChittagongUniversity(IFESCU),Bangladesh.Beforesowing

oftheseeds,differentcombinationsofsludgewereincorporatedwiththenutrient-

deficientnaturalforestsoils.Seed germination and growth parameters ofthe

seedlings(shootandrootlength,collardiameter,freshanddryweightofshoot,and

rootandtotaldrybiomass)wererecordedafterone,twoandthreemonthsofseed

sowing.Physio-chemicalparameters(pH,organiccarbon,nitrogen,phosphorus,and

potassium)andheavymetals(chromium,nickel,manganese,cadmium andzinc)of

eachtreatmentwerealsoanalyzedbeforesowingofseedsandafterharvestingof

seedlings.Resultsshow thattheseedgerminationpercentageandtheseedling

growthparametersvariedsignificantlyinthesoiladdedwithsludgeincomparisonto

control.Thehighestgerminationpercentage(92%)wasobservedinthetreatmentof

soilwithresidentialsludgeof3:1comparedtocontrol.Thehighestgrowthand

biomassoftheseedlingswererecordedinthesoilwithindustrialsludgeof3:1.So,

from thepresentfindingsitmayberecommendedthatsoilandindustrialsludge(3:1)

canbeusedasfertilizerinnurseryforthegrowthofS.mahagoniseedlings.

RocíoVACA [5]Theuseoforganicwastesinagriculturecanimprovethesoil’s
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productivecapacity,andphysicalandchemicalcharacteristics.Thisstudyevaluated

the effects ofsewage sludge,sewage sludge compostand inorganic fertilizer

applicationsonnickel,copperandzinccontentsinsoilandcorngrains(ZeamaysL);

maizeproductivity,andgrainnutritionalquality.Sewagesludgeandsewagesludge

compostat18Mgha–1andamineralfertilizer(N-P-K)withaformulationof150-75-

30wereapplied.Significantdifferenceswereobservedinorganicmatter,phosphorus

and zinc contentbetween sewage sludge-soiland compost-soil,and inorganic

fertilizer-soil(P<0.05).Copperconcentrationwassignificantlyhighincompost-soil

(P<0.05).Productivityincompost-soilandsewagesludge-soilmixtureswashigher

thanininorganicfertilizersoil.Grainquality,measuredbyrelativepercentageof

starch,totalnitrogen,protein,aciddetergentfiberandneutraldetergentfiberwere

adequateforhumanconsumption.Applicationofsewagesludgeorcompostdidnot

increaseheavymetalconcentrationsingrainwithrespecttoinorganicfertilizer-soil.

JosephS.Mtshali[6]Sewagesludgegeneratedfrom wastewatertreatmentplants

arebeing merited greaterattentioninlightoftheirpotentialforimproving soil

propertiesandforprovidingimportantnutrientandtraceelementsupplementsthat

areessentialforplantgrowth.Becauseofthedifferencesinsludgecharacteristics

amongsludgesthatundergodifferentlevelsoftreatmentaswellastheextensive

andvariablenatureofpollutantinputstowastewater,thefertilizerpotentialand

pollutantriskofsewage sludge intended foragriculturalapplication hasto be

specifically evaluated foreach sludge.Sewage sludge generated from seven

wastewatertreatmentplantsinSwazilandwereanalysedforarangeofphysico-

chemicalcharacteristics including organic matter,nutrients,cation exchange

capacity,pHandtraceelements.Despitethedifferencesinsludgeprocessingand

sludgestorageages,thesludgesamplesgenerallyshow highlevelsoforganic

matter,nutrientsandtraceelementsneededforplantgrowth.Thepotentialriskof

heavymetaltoxicitywasevaluatedbycomparingthelevelsofheavymetalsinthe

sludgesampleswithwidelyquotedandwellknownregulatorylimitsofanumberof

countriesandthelevelswerefoundtobewithinacceptablerisklevelwithrespectto

agriculturalapplication.Theresearchresultsindicateapositiveoutcomeforthe
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wastewatertreatmentplantsinSwazilandthatcurrentlykeeplargepilesofunused

driedsludgewithintheirpremises.

KhalidUsman[7]Intensivefarminggenerallyneedslargeadditionoforganicmatter

to maintain fertilityand enhance crop yields.Sewage sludge/biosolids are by-

productsofmunicipalandindustrialwastewatertreatmentandarichsourceof

organicnutrients.Sewagesludgehavinghighcontentoforganicmatter,macro-and

micro-nutrients,canbeusedasfertilizer/soilcondi-tionerforfood,vegetablecrop,

horticulturalplantsandpasture,whichinmostcasescanbebeneficiallyrecycled.In

thepastsewagesludgewasregardedasawasteproductduetoexpectedhighlevel

ofcontaminantssuchaspathogens,pollutantsandsyntheticmaterialsdischargedin

sewerfrom homesandindustries,whichwereoftenincinerated,dumpedinoccasion

or land fill.As a result of rapidly increasing population,urbanization and

industrialization,wastewaterproduc-tion and sewage sludge generation have

increasedmanifold.Duetohighcostofmineralfertilizersandescalatingtrendsin

theirprices,thereisanincreasingtrendofusingsewagesludgeinagriculture,

especiallyunderintensivecroppinginaridandsemiaridregionsofthecountry.

Therefore,applicationofsewagesludgetoagriculturalsoilsmaybesustainableand

economicalduetonutrientcyclinganddisposalofsewagesludge.However,there

maybeariskinuseofsewagesludgeduetopotentiallyharmfulcontentspresentin

thesludgesuchasheavymetalsandpathogens.Thispaper,therefore,presentsa

reviewonvariousaspectsofsewagesludgeusedinagriculture.

FranzX.Stadelmann[8]intheuseofsewagesludgeasanagriculturalfertilizerisat

thecenterofanintensedebate.Theprimarybenefitofusingsewagesludgeasa

fertilizeristherecyclingofvaluableplantnutrientsfrom theconsumerbackintothe

agriculturalsystem.Butthisbenefitisoffsetbytheriskposedbytheintroduction

into theenvironmentofpotentiallyharmfulchemicalscontained in thesewage

sludge.Thebenefitsandtherisksmustbeweighedagainstoneanother.Intheshort

term,weshoulduseonlythehighestqualitysewagesludge;inthelongterm,we

needtodevelopsystemsandtechniquesthatsatisfycriteriaforbothsustainability
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(nutrientrecycling)andprecaution(environmentalprotection)

M.JamilM.Qasim andM.Umar[9]Afieldexperimentwasconductedtostudythe

effectofadditionofdifferentlevelsofdomesticsewagesludgeonthesoil

propertiesandyieldofwheatcrop.AdditionofsewagesludgeraisedsoilpH,

increasedorganicmatter,ECe,NPK,Ca+Mgandtracemetals(Fe,Cu,MnandZn)

withitsincreasinglevels.Differenttreatmentsofsludgealsoincreasedtheyield

andyieldattributingcomponentsascomparedtountreated(control)treatments.

Significantlymaximum plantheight(107cm),numberoftillers(433m-2)and

straw yield (9.82 tha-1)wereobtained where80 tha-1 sewagesludgewas

appliedwhilespikelength,numberofproductivetillersm-2,numberofgrains

spike-1,1000-grain weightand grain yield weremaximum in thetreatments

amended with 40 tha-1 ofsewage sludge.The studyindicatesthatsludge

applicationattherateof40tha-1 canenhanceeconomicyieldofwheatand

alsoimprovesoilproductivity.

L.Bonfiglioli[10]Inthispaper,anoverview onsewagesludgecharacteristicsand

recoveryroutesispresented.Startingfrom ananalysisoftypicalsewagesludge

characteristics as found in literature,the mostpromising disposaloptions are

presented.Afocusonincineratedsewagesludgeash(ISSA)follows.Mostofthe

authors agree on considering pyrolysis and gasification as the mostviable

treatmentsforsludgeinthenearfuture.Forthisreason,thelasttwochaptersoffera

briefdescriptionofthesetwoprocessesandtheirproducts.

VinodKumar[11]Sewagesludge(Biosolids)generationisfastlyincreasingresulting

from theregularincreaseofpopulation,urbanplanningandindustrialdevelopments

worldwide.Thesludgeneedstobeadequatelytreatedandenvironmentallymanaged

toreducethenegativeimpactsofitsapplicationordisposal.Thepresentreview

dealswiththedifferentapplicationsofsewagesludgeforsustainableagriculture.

Thescatteredliteratureisharnessedtocriticallyreview theusesofbiosolidsto

promotesustainablepracticesfocusingontheproductiveusesofsewagesludgeor
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biosolids.Biosolidsorsewagesludgeisthebyproductofmunicipalwastewater,

sewageeffluentandeffluenttreatmentplants.Thetreatmentplantsaregenerating

hugeamountofbiosolids.Thepresentreviewfocusesonthedifferentapplications

ofbiosolidsorsewagesludgeasinmanycountriesthebiosolidsorsewagesludge

arefrequentlyusingforvariouspurposeslikeforbiogasproduction,landfilling,

organicfertilizer,soilamendment,andtoenhancethecropyieldofagriculturalcrops.

Therefore,biosolids orsewage sludge is in the consideration as a resource

worldwide. Besides this higher content of different heavy metals and

microorganismsaretheimportantconstraintsfortheapplicationofbiosolidsor

sewagesludgeinthevariousfields.Thus,thisreview emphasizesthedifferent

applicationsandpossiblelimitationsfortheuseofbiosolidsorsewagesludgeasa

resource.Effortshavebeenmadeonthepossiblepretreatmentofbiosolidsor

sewagesludgetomakeitmorefeasiblefortheirapplications.Therefore,different

propertiesofbiosolidsorsewagesludge,theirapplicationsalongwithpossible

limitationshavebeendiscussedinthepresentreview toformulatethebiosolidsor

sewagesludgeasaresourceforthesustainabledevelopment.

SitiNoorainRoslan[12]ThevolumeofbiosolidsproducedinMalaysianowadayshad

increasedproportionallytoitspopulationsize.Theendproductsfrom thewaste

treatmentsweremounting,thusinevitablethatintheendtheenvironmentwillbe

surroundedbythewaste.Thisstudywasconductedtoinvestigatethesuitabilityof

biosolidstobereusedasfertilizerfornon-foodcrop.Byvaryingtheconcentrationof

biosolidsappliedontothesoil,growthoffiveornamentalplantsamplesweretested

foreightconsecutiveweeks.Theresultsshow thatthepH ofthesoilafterthe

additionofbiosolidsrangesfrom 6.45to6.56whichissuitablefortheplantgrowth.

Thesoilsamplesthatcontainsbiosolidalsoshowhigheramountofmacronutrients

(N,P,K)and theheavymetalscontentaresignificantlyincreased intheplant

howeveritdoesnotexceedtheguidelinesdrawnbytheEnvironmentalProtection

Agency.Itisalso proven thattherewasonlysmallsignificantdifferentin the

performanceofplantgrowthbetweenbiosolidsandcommercialfertilizer.Itcanbe

seenthatbiosolidswasabletoperform justaswellascommercialfertilizer.
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LidiiaSvirenkoViktoriiaBondar[13]Ukraineiswell-knownintheworldasacountry

withsoilrichforhumus.Approximately68% ofarablesoilsinUkrainehavebeen

classificatedaschernozem.Forlastdecadesdecreaseoforganicmattercontentin

soilsofvariousagri-climaticzoneshasbeensurveyedinthecountry.Themain

reasonofthementionedprocessisenormouslackoforganicfertilizer(manure)in

agriculture connected with decrease in livestock(in 3 times since year1992).

Besidesthereisexpansionoftechnicalcropsforbiofuelproduction(likeBrassica

napus,Helianthusannuus),whicharetheprovocateursofsoilsexhaustion.Atthe

sametimesuchimportantsourceoforganicmatterforapplicationinagricultureas

sewagesludge(SS)from wastewatertreatmentplant(WWTP)isnotusedinUkraine

nowadays.Tostoparablesoilsdegradationinregionsitisnecessarytodevelopup-

to-datemanagementforfertilizerproductiononWWTPs.Thebasefortheprocess

hastobetheacceptanceofthegoal-orientedNationalprogramme,corresponding

governmentaldecreesandimplementationofnationalstandardforusingsewage

sludgeasfertilizer.

XiaoHanSun[14]Theobjectiveofthisstudyistoevaluatethepossibilityofrecycling

theliquidproductobtainedfrom sewagesludgebythehydrothermaltreatmentasa

kind oforganic fertilizerand its effecton the plantgrowth.A smallscale

hydrothermaltreatmentexperimentwas performed and proved thatthe liquid

productcontains high contentofnitrogen and low contentofmicronutrients.

Therefore,theliquidproducthasthepotentialtobeusedasakindofliquidfertilizer.

Inaseedgerminationtest,theliquidproductindicatedlowphytotoxicity.Moreover,in

aKomatsunacultivationexperiment,theliquidproductshowedaccelerateeffectto

thecropyieldwhichisnotlowerthanthechemicalfertilizer.Throughthelow-

temperaturehydrothermaltreatment,thesewagesludgewasconvertedintoliquid

organicmaterialthatcouldbeusedasadelayed-releasenitrogenfertilizerforthe

growth ofKomatsuna.These resultsindicated the possibilityofestablishing a

comprehensivesystem forrecyclingsewagesludgeintoakindoforganicfertilizer.

Prof.K.Soundhirarajan,R.Leena[15]Sewagesludgewhichresultsasbyproductof
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municipalwastewatertreatmentcontainsadequateamountoforganicmatter.The

application ofbiosolids to land foragriculturalpurposes is beneficialbecause

organicmatterimprovessoilstructure,tilth,waterholdingcapacity,waterinfiltration,

soilaeration,macroandmicronutrientsaidplantgrowth.Inearlydayssewage

sludgewastreated aswasteproductsdueto thepresenceofpathogensand

pollutants which mayalso contains synthetic materials,as the resultofrapid

developmentandurbanizationthegenerationofsewagesludgealsoincreasestoa

considerableamount.In-ordertohandlethissituationfertilizerscanbereplacedwith

biosolids in agriculturalfarms.This paperrepresents the review ofsludge as

agriculturalcompost.

CHAPTER3

METHODOLOGY

ThreeSoilnamelyDrysludgemix,normalsoilandchemicalfertilizermixsoilwere

fortheresearchpurpose.Thecomparativestudyofgrowthofthreeplantsnamely
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Tomato,AloveraandChilliplantwithallthreesoilwereperformed.Initiallythe

physicalcharacteristicsofallthreeplantwiththreedifferentsoilwerenoteddown.

3.1Methodology:

Initiallythedrysludgeismixwithnormalsoilandarrangementofninepotwith

differentdimensionweremade.Theformulaofvolumeisgiveninlistoftablesection.

Table3.1Dimensionofpot

Pot

Description

Quantity Length /

Radius top

(cm)

length /

Radius

bottom

(cm)

Height /

Depth(cm)

Volume

(cm3)

Tomato 3 9 6 15 2686

Alovera 3 34 24 27 22936

Chilli 3 11 8 18 5146

Fig3.1Plantstakenforproject

OnDay1onlydrysludgeismixwithnormalsoil.Theapplicationoffertilizerisdone

aftervegetativestage.
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Fig3.2Pre-irrigationstage

3.2GrowthStage:

Growthstagesofplants,inverygeneralterms,canbesplitintofourperiods:

 Establishmentfrom plantingorseedingduringvegetativegrowthuntilfirst

flowerappears

 From firstfloweringtofirstfruitset

 From fruitripeningtofirstharvest

 From firstharvesttotheendoflastharvest.

DrySludgeistakenfrom 6.5MLD STP basedonSBR technologylocatedat
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VrindavanSociety.Sewageofsocietytreatedinthisplanthavingwastewater

characteristicgivenbelow:

Table3.2Characteristicsofwastewater

Thefinal

sludgeis

takenout from

Centrifugeunitwhichremovesthewatercontentfrom wastewaterandseparateout

onlythesludge.

Fig3.3SludgeTrolley

Thesludgeiscollectedintrolleyandsendtodisposalsite.somequantityofsludgeis

driedindryingbedandusedforprojectwork.Twotrolleyisremoveddailyfrom STP

plant.

DischargeParameter Inlet Outlet

Ph 8.2 7.2

COD 256 40

BOD 190 12

TSS 165 10
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Fig3.4InletandOutletqualityofwastewater

Thetreatedwaterisusedforirrigationofsludgemixsoil.Thetreatedwateristaken

beforechlorination.
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Fig3.5EarlyGrowthofplanton25thday

Physicalreadingweretakenafter25thdayofplantation.

CHAPTER4

RESULT&DISCUSSION

ThesoilweretestedinSawenLaboratoryPvtLtdforthebelowparameters.

Table4.1Labtestreportofsoil

DrySludge Normalsoil Chemical

Fertilizermix

pH 6.9 9.033 9.226

Moisture 0.0784 0.9841 0.6098

Ca+Mg 9.2 4.8 9.4

Av.S 8.51 0.02 9.37

Av.P 0.32 0.56 2.24

Av.N 17.64 2.8 4.2

After60dayofplantationthegrowthofplantwithsewagesludgeismuchbetterthan

othertwo.From theoverallanalysisthathadbeenconducted,itwasfoundthatthe

plantbeingsuppliedbyfertilizerhaddeadatearlystagewhichison6thweek.This

wastheoverloadcontentofnutrientsinthefertilizer.Theoretically,dailysludge

applicationusingthedesignedconcentrationwillnotcauseanymajorproblem tothe

plantbutdiffertothedailyfertilizerapplicationwhichcausedharm andtoxicitytothe

plant.
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4.1Contentofnutrientinplants

2setsofdatawereobtainedduringtheanalysisastheplantsthatbeingfedwith

fertilizerweredeadduetoexcesssupplyofnutrients.Thenutrientcontentinplants

receivingsewagesludgeandtreatedwaterareshownintable4.1whileratiobetween

nutrientscaterbyplantsfedwithsewagesludgeandtreatedwaterofSBRplantare

presentedintable4.1above.

Theoptimum N:Pratioformostplantsrangesfrom 5:1to10:1.Accordingtotable

4.1thesewagesludgeprovidesthedosageintheoptimum rangeofplant.

Thecomparativegrowthofallplantisshownbelow:

Fig4.1GrowthofAlovera

ThegrowthofAloveraisbestgrownwithDrySludgemixturesoilincomparisonwith

height,no.ofleaves.
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Fig4.2GrowthofChilli

Thegrowthofchilliisbestwithdrysludgemixtureincomparisonwithheightandno.

ofleaves.

Fig4.3Growthoftomato

Thegrowthoftomatoisnotbestsuitedinpot.Thetomatoplantationisalsodoneon
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fieldat6.5MLDcampus.

Fig4.4Growthoftomatoonfield

4.2GrowthDevelopmentofAlovera

Initiallythealoveeratakenonthefirstdayforplantationwere5.6cms,4.8cmsand

4.2cms

Alooveraheight Initial(cms) Final(cms)

SewageSludgepot 4.2 42

Normalsoilpot 5.6 31

Chemicalfertilizerpot 4.8 21

Table4.2HeightofAloveraindifferentsoil
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CHAPTER5

CONCLUSION&FUTURESCOPE

5.1CONCLUSION

Sewagesludgepotentiallycontainsnutrientswhichcanbeusedasfertilizersinorder

toenhancetheplantgrowth.Majornutrientscontaininsewagesludgeisnitrogen,

phosphorous,potassium and sulfurand mightcontains some micro nutrients.

Thoughtheutilizationofsewagesludgewillsolvetheproblem forthedisposalof

STPsludgeanditcanbereusedfordevelopinggreenbeltsinthepremisesand

nearbyareasofSTP.Theanalysisofnutrients(Nitrogen,Phosphorus&Potassium)

inthesludgeisdetermined.Thestudyonplantgrowthresponsetosewagesludgeis
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studied,theplantsgrownwithsewagesludgeshowsbettergrowthresults.Itis

concludedthatifthereispresenceofheavymetalsthenthecompostcouldbe

utilizedforfloweringplants,ifnotitisusedforedibleplant.Thesewagesludge

producedisverylessinheavymetalconcentrationsoitcouldbeutilizedforgrowing

edibleplants.TheheightofAloveeragrownwithsewagesludgeshowsbetterresults

intermsofheightandno.ofleavesascomparestonormalsoilandchemical

fertilizer.Thusaerobicdigestionofsludgebringsoutvaluablecompostwhichcould

beutilizedforplantgrowth.Thecostofprojectisnearly8000RS.

5.2FUTURESCOPE

Infuturethegrowthofvariousplantweredoneonfieldasitwillshowbettergrowth

andgivesdetailedreading.Toaccomplishthisthefuturestudyareasareasgiven

below-

1.Edibleproductqualitycanbecheckedwithcomparetonormalsoilandchemical

fertilizer.

2.Someothervegetableandplantwillbetakenforresearch,

3.Tostudytheothernutrientcontentofothersoil.

4.Tostudythegrowthofdifferentanotherplantsplantedindifferentmanner.
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