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handlingpractices duringeffluent50mhayear Barros 2000fertirrigation 31 1

application consideringinthisworkHowever thehighgrowthratesof
theeffectsonwateravailability effectstheeucalyptusspeciesimposeahigh
onsoilcharacteristics andthedemand onthesoilresources especiallyThepulpindustryrequiresalarge
groundwatervulnerabilitytowaterandnutrients demandingintensewatervolumeinitsindustrialprocess
contamination Thepresentresearchhandlingofthesoilwaterplantsystemwhichproducesasaconsequencea
workallowedtoprogressintheTheselectionofhandlingtechniqueslargevolumeofeffluents Theeffluent
feasibilitystudyoffertirrigationwithcompatiblewiththecapacityofthecharacteristicsvaryaccordingtothe
treatedwastewaterfromthebleachedplacetosupplywaterandnutrientstoindustrial process Theland
kraftpulpmanufacturingprocessintheplantsisoneof thefundamentalapplicationofpulpmilleffluentsvia
handlingplantedeucalyptusforests soaspectstoguaranteetheforestfertirrigationbecomesanattractive
astoguaranteeitssustainabilitysustainability ie themaintenanceoroptionforthefinaldestinationofthis
consideringitspotentialofuseonthethe increaseoftheforestproductionwastewater Itactsasasupplementary
presentnationalscenario thetrendallalongrotationsorsuccessivecropsprocesstotheexistingtreatment
towardsshortageofhydricresourcesTheforestsustainabilitywillprimarilysystems reducingtheeffluent load
thelargevolume ofeffluentsgenerateddependonthemaintenanceofthewaterdischargedintothereceivingwater
inpulpmanufacturing extensiveandnutrientflowsatlevelssuitabletobody Itisalsoasupplementarysource
eucalyptusplantationareasnearthemeettherespectivedemandsbytheofwaterandnutrientsfortheplants
effluentgeneration thegreathydrictrees observingthesoilconservationThiswork presentsanapproachtothe
andnutritionaldemandofplantationsandthesoil waterandairqualityuseoftreatedeffluentfromthepulp
andtheconstantneedofimprovement Barros Comerford 2002 Thisindustryineucalyptusfertirrigation
oftheenvironmentalperformanceofsustainabilitywillbejeopardizedifanddiscussestheimplicationsofthis
thecompaniesthehandlingtechniqueswillleadtopractice Theeffluentfromthe

excessuseofrechargewaterofthesecondarytreatmentofthebleached
aquifers consideringtheincreasingkraftpulpmillwascharacterizedand

Thepulpandpaperindustryisshortageofhydricresourcesandthethefeasibilityofusingthiseffluentin
consideredtobeoneofthemostdeteriorationoftheirquality whicheucalyptusfertirrigationwas
successfulactivitiesoftheBrazilianisessentialbothforthehumanlifeevaluated Itwasinvestigatedthe
industrialforestbasedsectorandtheindustrialprocesseffectsofeucalyptusfertirrigationin

MostrawmaterialforthepulpThefertirrigationofplantedforestssoilsofpotentialdifferentplantation
manufacturingprocessinBrazilcomesisbeingappliedonanexperimentalareasusingcontrolledenvironment
fromplantedeucalyptusforests Thesescale aimingtoaddittotheexperiments Themainresults
plannedforests dependingonthesylviculturalmanagingtechniques inobtainedafterasixmonthperiod
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ortheefficiencyofuse ofwaternutrientassimilationbyforestspecies Landdisposalofwastewater
resourcesandnutrientsforplantation b thelongdistancesbetweenmillsandThetermlanddisposalhasbeen
andconsequentlytoincreaseplantedareas makingtheapplicationdefinedasplannedandcontrolled
productivityeconomicallyunfeasible and c theapplicationofaspecificresidueonthe

Inthelastyearsthelegallittleknowledgeofthebiologicalsoilsurface inordertoreachaspecific
requirementsconcerningwateraspectsassociatedwiththepracticetreatmentdegree bymeansofphysical
managementbecamemorerestrictiveHowever thefactthatthepulpindustrychemicalandbiologicalprocesses
sothatitwasnecessarytoinvestigatehasbeeninnovatingitstechnologiesinnaturallyoccurringinthewatersoil
alternativesforitsreuseandthelastyears especiallybyadoptingplantsystem Metcalf Eddy 1991
improvementof thetreatmentcleanertechnologies whichisdirectlySanks Asano 1976 USEPA 1981
processesandfinaldisposalof thereflectinginthecharacteristicsoftheInthelast20yearstheinterestinthe
wastewater Thisresultedinanfinaleffluent shouldbetakenintomethodsoflanddisposalresidue
increasinginterestinapplyingconsideration Alsoreportedarestudiestreatmenthasbeenrenewed by
municipalandindustrial wastewateraimingtoapplytheeffluentfrom pulpunderstandingwastewaterasasource
inthesoil thusbecomingawayofmanufacturingtosylvicultureasanofwaterand nutrientsandincluding
waterandnutrientadditiontotheattractiveoptiontoreachoperationstheuseofitinforestplantations
forestecosystemthatwouldleadtoanincreasingcircuit Cromeretal 1984 Myersetal 1995

Thepulpindustryisamongthoseclosurefortheforestsector SmithetNCASI 1985 Urie Red 1986 Crites
consideringandusingthelandal 1997 Thacker 1985 Reed 1986 Nutter Red 1985
disposalasanalternativeintheTheexperienceaccumulatedonRezendeetal 2001
managementofitsresidues ThepulpthesubjectindicatesthattheprocessTheaimofthelanddisposalof
industryrequiresalargewatervolumeof landdisposaloftheeffluentmustresiduesistheirfinaldestinationin
initsindustrialprocessandmaybeunderstood plannedandamountsthatwillnotjeopardizethe
demandvaluesabove100mpertonmanagedwiththesamedegreeofenvironmentalcomponents soil3

ofproducedpulp CarterandGleadowattentionandimportancegiventowater air organismsetc Inthe
1994 Asaconsequence itproducesanyotheroperational processprocessoflanddisposal useismade
alargevolumeofeffluents theConsideringthecomplexityoftheofthesoilplantsystemfor
characteristicsofwhichvaryaccordingchemicalconstitutionofpulpmilldegradation assimilationand
tothemanufacturingprocessusedeffluentsthereisstilltheneedofimmobilizationoftheconstituents
Thus thelanddisposalofthesefurther informationandbetterofwastewater aswellasofthe
effluentsbecomesanattractiveoptionunderstandingofthebehaviorofproductsofitstransformationinthe
forthefinaldestinationofthistheirmainconstituentsinthesoilenvironment
wastewater Besidesworkingasaandinthevegetativecovering asThesoilnormallyplaysan
processadditionaltotheexistingwellasofthelimitationsregardingimportantroleinwastewaterdisposal
treatmentsystems reducingthegroundwaterquality inorderthatactingasdepositandtreatingmeans
effluentloaddischargedintothesafeoperationalconditionsoflandforthedifferentchemicalwastewater
receivingwaterbody itisalsoadisposalsystemsoftheseeffluentsconstituents Inordertoidentifythe
supplementarysourceofwaterandmaybeestablishedsoileffectonwastewaterand
nutrientsfortheplantsInthisrespect thisstudyconversely itbecomesimportantto

Thefirsteffluent applicationsindiscusses basedoninvestigationbyknowthephysicalandchemicalsoil
sylviculturallyexploitedareastookmeansofexperimentsincontrolledcharacteristicsbeforeandafterits
placeinthe50s inNorthAmericaenvironments greenhouses theapplication
mostoftheminexperimentalorpilotimplicationsofadopting thepracticeVegetationisanotherimportant
projects Crawford 1958 Westnhouseoflanddisposaloftheeffluentfromcomponentofthesystem actingasan
1960 Inthe80s theeffluentthesecondarytreatmentoftheextractorofalargepartofthemacroand
applicationwasrestrictedtoafewmillsbleachedpulpmanufacturingprocessmicronutrientsavailable avoidingtheir
andjusttoareaswithnoforests Several BKME aswellasaddresseswaysofaccumulationandtheconsequent
characteristics pointedoutbyNuttermanagingtheapplicationofthesesalinizationoftheenvironmentand
andRed 1985 asuniqueoftheforesteffluentsbyfertirrigation besidescontaminationofsurfaceand
system contributedtothisscenario a evaluatingtheeffectson thesoil watergroundwater Italsopermitstoimprove
thefactthatforestsrequirelargeenvironment associatedwiththissomesoilcharacteristicssuchasits
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infiltrationandpercolation Accordingprocess indailydrippingapplicationsmethodologydescribedinEMBRAPA
toFeiginetal 1991 thevegetal 0 1146 2865 5157and1146mm 1997 andAPHA 1995 wasadopted
species whenbeingselected mustmeetyear correspondingtoapplicationInthestatisticanalyses the1

atleastoneofthefollowingtargets loadsof0 085 212 380and850tnormalityofthedataandthe
waterconsumption contaminanthayearofNa Underasecondhomogeneityofvariancesbetween1 1

removal salttolerance biomasscondition additionaltothebothexperimentswereverifiedandit
production quickgrowthandabilitytofertirrigationwitheffluent applicationwas decidedforthejointanalysisof
fixatmosphericnitrogenratestotalinganaverageyearlybothexperiments Thedatawere

Theevaluationofthemicrobialandprecipitationof1300mmwereappliedinterpretedbyvarianceandregression
biochemicalcharacteristicsofat45 experimentalunits fromtheanalysis
wastewaterie oftheeffluent allowsninetiethdayofculture
tocheckwhether theyembodytheThecolumnswerefilledupwith
conditionsspecifiedbythestandardsclayeytypickandiudults sandytypic
andcriteriaofpublichealth takingkandiudultsandtypicquartzipsamments Evaluationofthequalityofthe
intoconsiderationthetypeofculturefromrepresentativeeucalyptus treatedeffluentfromthekraft
thesoil thewayofapplicationintheplantationareas previouslyair dried pulpingprocess BKME aswater
soil Theknowledgeoftheeffluentcrumbledanddulyhomogenizedand foragriculturalutilization
chemicalcharacteristicspermitstoscreenedin4mmmeshscreens Theinformationfoundinthe
determinetheapplicationrateandtheaccommodatinglayerbylayer soastoliteratureaboutqualityofwaterfor
meansbywhichthenegativeimpactsrepeatpositionsidenticaltothosefoundagriculturalutilizationreferstoitsuse
ofitontheareadestinedforitsonthefieldasirrigationwater Inthistechnique
disposalmaybeminimizedThewastewaterusedinthetheapplicationratesarealwaysmuch

Thelanddisposalregulationexperimentconsistedoftheeffluentlargerthanincaseofuseas
principlesarerelatedtothemaintenancefromthesecondarytreatmentfertirrigation However thefound
andimprovementofthesoilplantsystemofthebleachedkraftpulpinformationmaybeusefultopredict
systemqualityattheminimumrisktomanufacturingprocess consistingtheproblemsthatmayoccurwiththe
thehumanhealthandtootherofasystemoffacultativeaeratedsoilandplants
environmental receptorslagoonsinseries followedbyaSomerelevantfactorsforirrigation

decantationlagoonwaterevaluationcomprise health
Thestudyalsoencompassedtherisks salinity sodicity thespecific

Theexperimentwiththeeffluentuseofageneticmaterial comingfromtoxicityofions theconcentrationof
fromthesecondarytreatmentoftheaclonalhybridofEucalyptusgrandis nutrients NP andthebicarbonates
bleachedkraftpulpingprocessxE Urophyla Along180daysofthepH theresidualchlorineandthe
BKME inthesoilwasconductedincultureoftheeucalyptusplantspossibilityofalterationofthesoil

agreenhouseoftheSoilDepartmentfollowingwasmonitored theambientpermeability
oftheFederalUniversityofViçosatemperature theevapotranspiredAstotheirrigationwaterrestriction
UFV andhadtheassistanceofthewaterapplicationrates theapplicationconcerninghealthriskscomingfrom
Laboratoriesof WaterQualityandratesofsimulatedrain thephysicalitsmicrobiologicalquality thecriteria
ChemicalAnalysisofResiduesof theandchemicalcharacteristicsof theadoptedbytheUS Environmental
DepartmentofAgriculturalwaterdrainedfromthecolumns theProtectionAgency USEPA 1981 and
EngineeringUFV PulpandPapervisualsymptomsofdeficiencyorthoserecommendedbytheWorld
LaboratoryoftheDepartmentofForesttoxicityintheplants aswellastheHealthOrganization WHO 1989 are
EngineeringUFVandLaboratoryofmorphologicalcharacteristics sizefollowed Itisstressedthat
SoilPhysicsandofForestSoilsofthestemdiameter coloring ofthe plantsmicrobiologicalstandardsofqualityof
SoilDepartmentUFVAfterthisperiod theanalysesofthewastewatersimilartothewater

Theexperimentcomprised90physicalandchemicalcharacteristicspotabilitystandardsarerecommended
experimentalunits consistingofofthesoilsoftheexperimentalunitsbyUSEPAfortheunrestrictedirrigation
columnscontainingsamplesofhavebeencarriedoutatsamplesorirrigationbysprayinginany
materialofthreetypesofsoilsandcollectedinfivedepths inthecolumnssituation whilethecriteriaestablished
eucalyptusplants submittedtofiveaswellthechemicalanalysisofthebyWHOforunrestrictedirrigationare
differentfertirrigationrateswithfoliarmaterialoftheeucalyptusplantsstricterastothepresenceofhelminth
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bacteriologicalquality andomissiverestrictionofthesoil andthisincasephosphorusdemandinthetreatments
withregardtovirusesandprotozoansitdoesnotoccuranyremovalofthewithhigherapplicationrates In

Directivestointerpretthequalitysaltsaccumulatedinthisenvironmentpractice ifmanuringsupplementation
ofwaterforirrigationpurposes thepHmaybe thelimitingismade itwouldbepossibletototally
formulatedforeseeingthepotentialfactortotheeffluentapplicationinthedispensewiththepotassicfertilizer
risktotheproductionoftheculturesoil sincehighacidityconditionsmayandtoreducethephosphorusdose
associatedwithirrigationforalongcausetoxicityproblems asmakingThesulfurandphosphorusfertilizer
period arepresentedbyAyersandsomemetalsavailable whilealkalinityforlowerrateswouldbestillnecessary
Westcot 1991 AclassificationofthemaymakeunavailablealargepartofThesedatarevealthattheBKME
irrigationwaterqualityintermsofriskthemicronutrientsessentialfortheapplicationmaybeenoughtomeetthe
ofsalinity normallymeasuredeitherplants AccordingtothepHvaluesofdemandofmostcultures andonthe
bythetotaldissolvedsolids TDS orBKME between69and82 theotherhand theneedofsuitable
theelectricalconductivity wasworkedeffluentischaracterized asslightlyhandling comparingthehydricand
outbyMcNeal 1981 basic possiblyduetothepresenceofthenutrientbalance

ConsideringtheBKMEalkalinity fittingintothepHrange withregardtothemicronutrients
characteristicspresentedinTable1whichisconsideredtobeoptimalfortheBKMEpresents ingeneral low
andtheusualcriteriaofqualityofuseinagriculture thuspermittingconcentrations andisabletosupplythe
irrigationwater Ayers WestcotaccordingtoGheyietal 1997 todemandsofCu Fe B MnandMo
1991 USEPA 1981 UNEP 1996predicttheadverseeffectsrelatedto theseonesinexcessforhigherrates
USEPA 1992 WHO 1989 itcanbethenutrientavailabilityasupplementationwithZnbeing
inferredastothequalityofthis thenitrogenconcentrationsrequiredformostcultures Nutrientsin
effluent intermsofitsfertilizingpresent inBKMEindicatethattheexcessmayjeopardizetheculture
potentialandrestrictionsofusesourcesofnitrogenreadilyavailableforproductivityandqualityaswellas

thetreatedeffluentfromthetheplants aresmall sothatthereisaresultinenvironmentalproblems
kraftprocesshasintensecolorneedofnutritionalsupplementationmainlybylixiviationandgroundwater
reachingvalueshigherthan1000withanothersourceofNincaseofcontamination Thevaluesofironin
mgLofPt However thisisnousingtheeffluentforfertirrigationoftheeffluentarewithinthequalitylimits1

limitingfactorforitsuseinagriculturalcultures TheresultsofirrigationwateraccordingtoUNEP
fertirrigation since accordingtoindicatethatifontheonehandthe 1996 butindicateamoderateriskof
Juwarker Subrehmanyan 1986 theeffluentdoesnotrepresentthedripperplugging incasetheeffluent
colorismainlyduetothepresenceofpossibilityofreplacingnitrogenizedisappliedinthesoilbyusingthis
ligninderivatives whichdoesnotfertilizersintheeucalyptuscultures onmethod Thisisnotobservedforthe
resultintoxiceffectstotheplantstheotherhandtheyindicatelittleriskconcentrationofmanganese
whenpresentinthesoil andthelatterofgroundwatercontaminationwith thesodiumconcentration inthe
hasbeenshowingcapacitytoremovenitrate Thenitratelixiviationasaresulteffluentmaybefoundrangingfrom
it Thehighcolorintensityoftheoftheapplicationoftheeffluentfrom450to1000mgL withaverage1

effluentshasbeenafurtherfactorofthepulpindustryinthesoil duetothevaluesaround750mgL Thesehigh1

incentivetoconsidertheapplicationlownitrogenconcentrationsinthesodiumconcentrationsareundoubtedly
inthesoil thusavoidingtocauseeffluent islessworrying whenthemostlimitingfactorforusingthis
estheticproblemstothereceivingcomparedtotheriskofapplicationofwaterforagriculturalfertirrigation
waterbodiesdomesticsewageConcentrationshigherthan70mgL1

thehighelectricconductivity thepotassium calciumpresentalreadyaslighttomoderate
valuesfoundintheeffluent 25to45magnesiumandsulfurconcentrationsdegreeofrestrictionforusein
dS m indicateahighconcentrationcomparativelytoinorganicnitrogenirrigationbyspraying andmay1

ofionsinsolution Consideringtheand phosphorus canbeconsideredtopresenttoxicityproblems
guideofUSEPA 1981 forirrigationberelativelyhigh makingfeasiblethe thehighvalueoftheSodium
watersalinity theBKMEfitsaswaterBKMEutilizationtosupplytheseAdsorptionRatio SARaround26 as
thatshouldbeusedfortolerantnutrientsassubstituentofcommercialaresultofthehighconcentrationof
culturesinpermeablesoils requiringfertilizers TheBKMEwouldbeableNaandoftherelativelylow
carefulhandling AccordingtoAyerstosupplythetotaldemandofconcentrationofCaandMg involves
andWestcot 1991 BKMEispotassium andcalciumformostriskssuchasofclaydispersion ofsoil
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reductionoftherateofwaterperiodsofupto20years respectivelymagnitudeofconcentrationofthese
infiltrationintothesoilandhigheraccordingtoUNEP 1996 biologicalsolidsintheeffluentthat
susceptibilitytoerosion asaresultofNotwithstanding thehigheucalyptuswillorwillnotmakefeasibleits
theintensificationofthesuperficialtolerancetoaluminiumshouldbeutilizationinfertirrigationwith
flowoff Theserisksarenotveryhighhighlighted Nevesetal 1982 applicationsbydripping Inprinciple
sincetheelectricconductivityisalso thelowheavymetalthesuspendedsolidsalsocontributeto
high Underthepointofviewofeffectsconcentrationsinthetreatedeffluentsproblemsofsoilsurfacecolmation
onthesoilpermeability theBKMEpresentvaluesbelowthepermissible Braile 1979
presentsaslighttomoderatedegreelevelforbeingdischargedinreceiving thepresenceoffecalcoliforms
ofrestrictionforbeingusedaswaterbodies asestablishedinisverifiedincountingslowerthan
irrigationwaterCONAMAResolution20861000FC100mL thevalueofthe

IrrigationwaterwithSAR CONAMA 1986 Cadmiumisonebacteriologicalstandardof WHOfor
between4and9areconsideredtobeoftheheavymetalspresentinghigherunrestricted irrigation Inspite of
oflowriskwithregardtoclayenvironmentalriskwhendisposedofoccurringdomesticsewage
dispersion andconsequently totheinthesoil inviewofitshighercontributiontothefinalmilleffluent
soilpermeability Accordingtothemobilityanditshightoxicity eveningeneration thisisa littlesignificant
literature somecombinedeffluentsverylowconcentrations Thecadmiumportionofthetotalvolume Interms
frompulpmillshaveSARinthisconcentration valuesinBKMEareofhelmintheggs thedetentiontime
range andarethuspotentiallylow lowerthan0020mgLinthestabilizinglagoonsisfully1

suitableforfertirrigation Cromeret theconcentrationofchlorinatedsufficient fortheirtotalremoval totake
al 1984 However thelowelectricorganicmaterialinBKME measuredplace Astothequalitycriteria
conductivitiesofsomesectorialbytheAOX adsorbableorganicrecommendedbyUSEPA thevalues
effluentsofpulpmills suchasthosehalogen concentration wasaroundofwhicharesimilartothoseofpotable
comingfrompulpcookingand40mgLofchloride Theeffluentwater itisexpectedthatwithBKME1

washing combinedwiththerelativelyappliedtothesoil evenafterbeingdisinfectionitwillbepossible toreach
highSAR maycausephysico submittedtothesecondarytreatmenttheminmicrobiologicalterms
chemicalproblemstothesoilmaystillcontainasignificant
destroyingitsstructureandconcentrationoforganiccompounds
consequentlyitsmacroporosity Forofhighmolecularweight ofhigh
utilizationof thiswastewatertoxicityforthebiota DuetotheirhighThemethodandthewastewater
mixturesmustbecarriedout orthemolecularweight thesecompoundsapplicationratemustbeconsistentwith
solutionofcalciumandmagnesiumremainingintheeffluentafterthethesoilplantsystemcharacteristics
mustbeprovidedinorderto reducesecondarytreatmentarebelievedtobeAccordingtoMetcalf Eddy
theSARvaluephysicallyretainedanddegradedinthe 1991 therearethreebasicmethods

thechlorideion ascounterionfirstlayersofthesoil asdiscussedbyofwastewaterapplicationinthesoil
ofthesodiumioninthesaltformationKookanaandRogers 1995 quickinfiltration inundationor
isalsopresentinhighconcentrations theconcentrationofsuspendedinfiltration percolationmethods
intheeffluentofthesecondarysolids ofabout60mgL indicatesasuperficialflowoffandslowinfiltration1

treatment Thechlorideconcentrationsmoderatedripperpluggingrisk Ayersorirrigation amongothernatural
inthepulpindustry effluentrangefromandWestcot 1991 incasethisistheprocesses suchaswetlands subsurface
120to350mgL1 whichmaymethodchosenfor effluentapplicationandaquiculture
jeopardizetheuseoftheeffluent forapplication InnontreatedeffluentsIrrigationcorrespondstothemost
fertirrigation sincesuchconcentrationsthesolidsinsuspensionpredominantlyusedprocess wheretheeffluentis
maycauseseveredamagestotheplantconsist offibersandforthisreasonappliedbyspraying inalocalizedway
leavesincaseofeffluentapplicationbymayprovidecloggingofpipingandorbysurface Ingeneral theprojectof
sprayinghydraulicemitters Adin Sacksapplicationsystemsbyirrigationis

thealuminiumconcentration in1991andRavachaetal 1995 Thecontrolledbythehydraulicapplication
BKMEpresentsvalueslowerthan12suspendedsolidspresentinthefinalrateie bythevolumeofwastewater
mgL Aluminiumisatoxicelementeffluentareofbiologicalnatureappliedbyunitofareaforacertain1

fortheplants withrecommendedconsistingessentiallyofbiologicalperiodoftime Incaseofirrigationof
maximumlimitsof5and20mgL flocks Thus asfarasthesuspendedagriculturalcultures thesystemsare1
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requiredfortheplantproduction theThefertirrigationcanbecarriedreductionofpermeabilityindepth have
hydraulicapplicationrateisthewateroutusingapplicationtechniquesnaturallowfertilityandlowcapacity
amounttobeusedbytheplantunderidenticaltothoseusedforconventionalofcationexchangeandarepooriniron
unrestrictedconditions andtheymustirrigation spraying eitherlocalizedorandinexchangeablebases
becompatiblewiththeagriculturalbysurface butincaseionsorThetypicquartzipsamments
practices thesoilandthewatersubstancesthatmaycauseproblemsif RQo comprisesandysoils with
characteristics theclimaticconditionsappliedontheplantcanopyareingranulometricdistributionfittinginto
thetypeofirrigatedculture thesolution thelocalizedapplicationthetexturalclassesofsandandfine
irrigationtechnique aswellaswiththe microsprayingordripping issand ofsand ofclay 70
risksofsoilsalinizationandrecommended CostaeBrito 1994 andaslightincreaseintheclay
groundwatercontaminationandtheAsfaraslocalizedirrigationispercentageastheprofiledepth
flowofwastewatertobedisposedofinconcerned itisstressedhoweverthatincreases Theseareexcessively
thesoil Ghassemi 1995 Overcash thewaterqualityshouldbetakenintodrainedsoils withquickpermeability
Pal 1979 considerationunderthepointofviewallalongtheprofile porous little

Theuseofthetermfertirrigationofpossibleemitterclogging causedbysusceptibletoerosion predominantly
withwastewaterisrecommendedinfactorsofphysical chemicalandoracid withlowbasesaturation They
replacementforthatofslowinfiltrationbiologicalnature Leon Cavallinipresentloworganicmaterialand
orirrigation whileitshouldbe1999 Thesystempluggingmayoccurnutrientcontents whichdecreaseas
understoodthatusingwastewaterasduetoafactororcombinationofdepthincreases
watersourcetomeetthehydricfactors asfollows a presenceofhighIngeneralitturnsoutthatthe
requirementsoftheculturemayconcentrationsofsuspendedmatterwateravailabilityclassesofthesoils
jeopardizethesoilandgroundwater bothorganicandinorganicmaterial arepredominantlylow whichmaybe
quality aswellastheplant b precipitationofcalcium andduetothelowclayactivityandmainly
development Matos 2003 Matosetmagnesiumcompounds aswellastotherelativelyhighmacromicropore
al 2003 Thus thereferencefordissolvedfertilizers phosphateratiopresentinthestudiedsoils Table
definingtheapplicationratesnolongerammonia iron zinc copperand2showsthemainchemical
consistsof exclusivelyhydraulicmanganese and heavymetalsinthecharacteristicsofthestudiedsoils
criteriaorcalculationsbasedonthewater and c presenceandgrowthofTheapplicationofeffluenttothe
evapotranspirationoftheculture andalgae bacteriaandotherorganismsinsoilmaycauseundesirableeffectson
theapplicationrateiscalculatedthewater Nostudywasyetcarriedoutitschemicalcharacteristics Fuller
insteadofit basedontheconstituentaboutwhichofthesefactorsandtheirWarrick 1985 Agreatconcernis
present limitingparameter combinationsmightcausethegreatestrelatedto saltaccumulation asa
proportionally tothegreatestextentpluggingproblem Sandrietal 2001resultoflongtimeapplication
consideringthecapacityofthesoilandLeon Cavallini 1999 Metcalf Adiseshaetal 1997 didnotfindany
theculturestoassimilatetheresidueEddy 1999 Oronetal 1980 significantchangesinthe
applied Inthiscase thenutrients suchIncaseofeffluentsfromthekraftcharacteristicsofthesoilsubmitted
asnitrogen phosphorus potassium orpulpingprocess theelementsodiumtofertirrigationwithpulpandpaper
eventoxicelements whichbecomebecomesthelimitingfactor indicatingindustryeffluentforaperiodoftime
limitingfactors suchassodiumtheuseofthelocalizedeffluentshorterthan3years Ontheother
chlorine BODandheavymetals mayapplicationtechnique dripping hand severalstudies Cromeretal
beconsidered Insomecases the1984 Hansenetal 1980 Aw 1994
controlfactoristheorganicloadrate EffectsofBKMEapplicationonthe Hayman Smith 1979 addressing
asincaseofveryconcentrated physicalandchemicalsoil chemicaleffectsoftheapplicationof
wastewater Insomeindustrial characteristics pulpandpaperindustryeffluenttothe
wastewaters otherfactorsshouldbeTheclayeytypickandiudultsandsoilindicatedhighconcentrationsof
takenintoconsideration suchassaltsandytypickandiudults PAd1andNa Cl KOCaandK besides2

2

loadormetalload However ingeneralPAd2soils usedintheexperimenthighvaluesofelectricconductivity
forwastewaterwithBODvaluesequalhavecharacteristicallyamoresandyandsodiumadsorptionratio SAR
toorlowerthan1000mgL thesuperficialhorizon A andtheaswellasalowconcentrationofMg1 2

applicationratescanbedefinedbasedsubsurfacehorizon B withyellowishandotheressentialnutrients Awet
onthehydraulic applicationrate Rowecoloringandmediumtoclayeytextureal 1993 Aw 1994 Irrigationwith
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effluentmayalsocauseanincreaseTable1 Characterization of the effluent from thesecondary
inthepHvaluesofthesoil andinthetreatmentofkraftbleachedpulpmill
contentsoforganiccarbonorganic
matterandavailablenutrientsParametersUnitAverage
Johnson Ryder 1988 KannanValue1

Oblisami 1990a 1990b JuwarkarColor mgL 1 1369
Subrahmanyam 1986PH 758

Inthepresentstudy theelectricTotalsolids TS mgL 1 2446
conductivityinthesaturationextract1Totaldissolvedsolids TDS mgL1789
andtheconcentrationsofavailableSolidsinsuspension SS mgL 1 600
chlorideandexchangeablesodiuminSedimentable solids mLL 1 025
thesoil Figures1and2 showed1DQO3 mgL375
similarbehavioratallBKMEratesBOD4 mgL 1 68
appliedandinallsoilsevaluated High1EC5 dSm34 valuesofECseandhighSodium Na mgL 1 74248
concentrationsofexchangeableNa1Calcium Ca mgL4944
andchloridehavebeenobtainedinthe1Magnesium Mg mgL7686
superficial layersofthecolumnsoilsSAR6 262
Thereasonforthe electricconductivity1Kjedhalnitrogen mgL68
valuestofollowthevariationsofNaAmmonium mgL 1 169
andClisthehighercontributionof1Nitrate mgL000 theseionstotheECofthesoilPhosphorus P mgL 1 1074
saturationextractthanofotherionsPotassium K mgL 1 27357
alsopresent duetothefactthatthey1Sulfur S mgL11665 aremore concentratedintheBKMECopper Cu mgL 1 0010
Inthesoilcolumnsthatreceivedthe1Iron Fe mgL0574
highestapplicationratesofBKME asZinc Zn mgL 1 0048
wellasofsodium therewerehigher1Manganese Mn mgL0305
increasesintheelectricconductivity1Aluminium Al mgL345
ofthesoilsaturationextract FigureBoron B mgL 1 0170
1 Consideringthesoilsthatdidnot1Cadmium Cd mgL0001 receiveanysimulatedrain a moreCobalt Co mgL 1 0005
significantincreaseintheelectric1Chromium Cr mgL0135
conductivityorsalinityoftheMercury Hg mgL 1 0016
superficial layers 0 40cm ofthesoilsMolybdenum Mo mgL 1 0029
ofmediumclayey PAd1 andsandy1Nickel Ni mgL0016
medium PAd2 texturecanbeLead Pb mgL 1 0027
verified Alessexpressiveeffectwas1Silicon Si mgL5001
observedinthesandytexturesoilVanadium V mgL 1 0009
RQo1Chloride Cl mgL493

AsreportedbyJohnsonandRyder1Sulphate SO42 mgL42612 1988 theincreaseinthesodiumCarbonate mgL 1 0
concentrationinthesoilsurprisingly1Bicarbonate molcL83
seemstobeindependentoftheeffluentAOX2 mgL 1ofCl 459
applicationrates ThisincreaseinNaTotalColiform NMP100mL 5000
contentmaycausethesoilclayFecalColiform NMP100mL 1000
dispersion leadingtoapoor
infiltrationandaerationofthis
environment Thisalsosuggests that1Averagevaluesfrommonthlydeterminations duringexperimentmonitoring 2 Adsorbableorganic

fertirrigationwithpulpindustryhalogens 3Chemicaloxygendemand 4Biochemicaloxygendemand 5Electricconductivity 6So

effluentsmaybeapotentialdangerfor2 2 2 2diumadsorptionratiogivenbySAR Na Ca Mg 12 where thecontentsofNa CaandMgare
69theculturesexpressedincmolc L
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Table2 Chemicalcharacteristics1 ofthesamplesofthesoilsusedintheexperimentalcolumns

SoilDepthpHPKNaCaMgAlCTC tCTC TV22 2 3

HO mgdmcmolcdm3 3
2

PAd10 10cm46719061610048019072147623120
1060cm4793201011071020072171568174
60100cm4590569701500609612234376

PAd20 10cm4794869100020011036073301123
1060cm490086460027016024071278169
60100cm488047860041011036093301189

RQo030cm55147564006502300009227341
3060cm559078120018004000023056411
60100cm55011212001700500002308228

1 pH inwater ratio1 25 P K Na ExtractorMehlich1 Ca Mg Al ExtractorKCl1molL1 CTC t Effectivecationexchangecapacity
CTC T CationexchangecapacityatpH70 V basesaturation index 2 PAd1 DystrophicYellowClayeyTypicKandiudultAmoderateflat
relief mediumclayey texture PAd2 DystrophicYellow SandyTypicKandiudultA moderateflatrelief sandymediumtexture RQo Orthic
Typic Quartzipsamment sandytexture

Toavoidtheriskofsodium
predominanceinthesoil theeffluent
applicationmustbeoffsetwithother
sourcesofCaandMg which2 2

combinedwithhighpluviometric
indicesmaypromotethelixiviationof
Naandthereestablishmentofthe
cationbalance Thus noreductionin
thesoilpermeabilityshouldbe
observed Johnson Ryder 1988

Therainsimulationinthe
experimentprovidedareductioninthe
electricconductivityvaluesinthe
saturationextractofsamplestakenon
thewholesoilprofile This
demonstratesthatinrainierperiods
suchasthoseoccurringinthecoastal
region theriskofsoilsalinization as
aresultofBKMEapplicationfor
eucalyptusfertirrigation becomeslow
Theexchangeablesodiumlixiviation
issuspectedtobemainlyresponsible
fortheseresultsanditcanbeexpected
thattheuseofmethodsmaking
possibletoremovesodiumfromthe
profilewillalsocontroltheelectric
conductivityinthesoil

Evaluatingtheexchangeable
sodiumconcentrations itcanbe
verifiedthattherewasasignificant
variationintheconcentrations ofthis

70 cationinthewholeprofileofthe
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inthecolumnswheretheeffluentwas
applied Figure2 Theregression
equationsadjustedasafunctionof
BKMEapplicationratesfordifferent
depthsshowdifferentbehaviorsofthe
studiedsoilsasfarassodiumis
concerned ThePAd1soilshoweda
tendencytosodiumvariationadjusted
tothequadratic function whilethe
PAd2andRQosoilspresentedalinear
increaseinthesodium concentrations
withBKMEapplicationratesalong
eachdepth Theresultsof
exchangeableNaconcentration
obtainedfromthecollectedsamples
confirmthatthisisthemostlimiting
factorforlanddisposalofsecondary
treatmenteffluent sincethereisa clear
concentrationofthiscationinthe
profile However consideringhow
easyitisalsotoremove theNafrom
theprofile itisbelievedthatthe
disposalofBKMEinsandysoils or
withartificialdrainagesystems
implanted maybesufficienttoprovide
bettercontrolofthesoilsodification

Inthetypicquartzipsamment RQo
thesodiumconcentrationshavebeen
keptatlowerlevelsthanthosefoundin
theclayeytypickandiudultsandsandy
typickandiudultsPAd1andPAd2for
allBKMEapplicationrates withno
variationalongthesoilprofileforthe
treatmentswithhigherapplicationrates
5157and1146mm Intherain

simulationexperimentatendencyto magnesium 4to11mgL whichthatobservedbyJohnson Ryder1

lixiviationofthiscationwasverified impartsahighsodiumadsorptionratio 1988 andCromeretal 1984 ie
sincetherewasanincreaseinits SAR toit thehighelectric coarse texturesoilsdidnotpresentany
concentrationinthedeeperlayers conductivitiesminimizedinacertain severedeteriorationeffectsandany
Figure2 waythedispersiveeffectsofclay permeabilitylossasaresultof

TheeasydrainageofRQosoilmade providedbyapplyingthiseffluent Theapplyingeffluentshavingahigh
itpossibletoavoidsevereeffectsof BKMEapplicationdidnotcauseany percentageofexchangeablesodium
salinizationandpermeabilityreduction significantalterationinthepercentageVariationsinthedispersedclay
asaresultoftheeffluentapplication ofdispersedclayofPAd2and RQo percentagewereobservedinthe
as reportedinotherstudiesaboutsandy soilsofthecolumnsatthedifferent mediumclayeytexturesoil PAd1 in
texturesoils Cromeretal 1984 BKMEapplicationrates norasathesubsurfacelayers 2030cm
Johnson Ryder 1988 Juwarkar resultofthefactthatthesoilsreceived Astothealterationinthe
Subrahmanyam 1986 ordidnotreceivesimulatedrains Theconcentrationofheavymetalsinthe

AlthoughBKMEshowshigh sandytexturesoil RQoduetoitslow soilprofile itturnedoutthatCd Cr
sodiumconcentrations 480to990 claycontent wasthesoilthatshowed PbandNididnotcometoreachthe
mgL andrelativelylowonesof1 thelowestdispersedclayvaluesatany lastlayerinthesoilcolumnsthat

71calcium 28to110mgL and sodiumapplicationrate Thisconfirms1 receivedthehighestapplicationrate



whichmadeimpossibletheirpresencedomesticsewage However whenitisareasofeffluent disposalprovideda
insolutioninthepercolatedwaterdisposedofinthesoil thesaltmobilitygreatincreaseinsodiumandchloride
Thealterationintheconcentrationsinthatenvironmentmaybeapotentialconcentrationsinalldepths indicating
ofCu Cr PbandNiinthesoilspollutionproblemforthegroundwaterauniformdistributionofthesolution
submittedtothedifferentapplicationThesimulationofthepluviometricIntheconductedexperimentsit
rateswasinsignificantandlowprecipitationwasemployedinthisbecameevidentthatastheapplication
concentrations comprisedintheexperimentinordertoevaluatetherateincreasedtherewasaproportional
rangeofnondetectable to2 gdmcapacityofnaturalrainstolixiviatetheincreaseintheamountofmovableions3

havebeenobtained Accordingtothesaltsretainedinthesoilasaresultofinthelixiviate Ontheotherhand in
dataobtainedandthemaximumBKMEapplication Analyzingthecasetheionicretentioncapacityis
applicationloadsofheavymetalsqualityofthesamplesofthepercolatedexceeded eventhenutrientsconsidered
suggestedbytheEuropeanEconomicliquid collectedinthedrainsofthesoiltobeoflowmobilitymayreachthe
Community citedbyLoehr 1984 columns theriskthatthepracticeofgroundwater Sandysoilsprovidehigher
SimonandTedesco 1993 andfertirrigationwithBKMEmayinvolveinfiltrationratesandlowerplugging
adoptedintheStateofParanÆintermsofgroundwatercontaminationcapacitytotheincorporatedions and
SANEPAR 1997 forapplicationtowasevaluatedareforthesereasonsthoseinvolving

thesoil thehighestBKMETheclayeytypickandiudultsofmoreriskstothegroundwaterquality
applicationratedidnotprovidethemediumclayey PAd1 andsandyThegroundwatercontamination
incorporationofamountsofCd Crmedium PAd2 textureshowedhigherpotentialdepends amongotherfactors
NiandPbhigherthanthemaximumwaterretentioncapacityanddidnotonthegroundwaterdepthandonthe
valuesproposed Themaximumpresentanypercolateresultingbothfromphysico hydriccharacteristicsofthe
limitsofmetalconcentrationintheBKMEapplicationandfromsimulatedporousenvironment Thepollutant
soil adoptedbytheStateofParanÆrainapplication Thesandy texturesoilwhenbeingincorporatedtothe
byanadaptationoftheSpanish RQo showedvulnerability togroundwaterofaquifersofgranular
legislation expressedinmgkg aregroundwatercontamination inspiteofnature dispersesandspreadsina1

10 50 100and30 forCd Pb Crthefactthatthephysicalandchemicalgeneralizedwayalongwiththewater
andNi insoilsofpHlowerthan7characteristicsofpercolatedwaterandmayextendforlongdistances

Withregardtomobility theindicatedthattherewasanattenuationencompassing largeareas Incasethe
analyzedmetalsshowedlittlemovableofsomeparametersoftheappliedincorporatedquantitiesarelow the
evenwithsimulatedrainapplicationeffluent suchasBODreductionby50 dilutionofthepollutantsinthe
reflectingtheirgreataffinitywiththeandlowermicronutrientand nitrategroundwatermayresultinpermissible
solidphase eveninsandysoilsconcentrations Anexpressivegainintheconcentrations oflowtoxicityforhuman

percolatecoloraswellasanincreaseinbeingsandanimals Dependingonthe
Saltlixiviationandpossible theconcentrationsofelementsasphysicalandchemicalnatureofthe
groundwatercontaminationrisks potassium sodiumandchlorideatthepollutant somemaybeadsorbedbythe

Theenvironmental risksinhighestapplicationrate duetothehighsolidmaterialoftheaquifer becoming
disposingofbleachedpulpeffluentsinconcentrationsoftheseionsintheadsorbedtotheclays Matos 2001
watercoursesarebeingwelldocumentedeffluentandalso duetothesandynatureAlthoughthemonitoredsoildepth
Delletal 1996 Afewarticlesrefertoofthesoilitself wereobservedforthis 55cm isrelativelysmall theresults

theriskevaluationateffluentapplicationsoil resultinginahighlixiviationratefoundcanbeusedtoanalyzethe
tothesoil MostarticlesaddressthelandcorrespondingtotheBKMErateof1146groundwatervulnerability incase
disposalofthesludgecomingfromthemmie 8tha ofsodiumdifferentratesofBKMEareappliedto1

effluenttreatment VasconceloseCabralInstudieseffectedbyJohnson thesandysoil RQo Thegreatlixiviation
1993 Keenanetal 1990 Ryder 1988 andCromeretal 1984 potentialinthissoil maximizedbythe

Sincecertainchemicalsubstancesincreasesintheconcentrationofsomelowinteractionofthesandfractionwith
oils solventsorotherdangerousandcontaminantsingroundwaterhaveionspresentinthewaterofthesoil
toxicsubstanceshavebeeneliminatedbeenalsoobserved Initially higherindicatesthatthefertirrigationparceling
fromtheindustrialprocess theconcentrationswerefoundintheupperisrecommendableincaseanapplication
secondaryeffluent fromthe pulplayersoftheaquifer showingatrendofhigherBKMEratesisrequired
industrycanbe consideredtobeoftowardreductionasdepthincreasedComparingthe concentrationvalues
goodquality atleastequaltothatApplicationsforextendedperiodsobtainedinthe percolatetothose

72 suppliedbythesecondarytreatmentof periodscorrespondingto3years inestablishedbyCONAMA
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No 20 dated061886 CONAMAmoisturerequiredbythecultureaccumulatedintheradicularzone
1986 forwaterbodyClass1 tothePotassiumshowedinthesoilaverywouldberequiredtominimizetheir
potabilitystandardsestablishedbysimilarbehaviortothatofsodiumieeffectsonwateravailabilityandtoxicity
GOVERNMENTALDECREENo 518itaccumulatedtoacertainextent butfortheplants Theratesofsimulated
of2004 fromtheMinistryofHealthbecamesusceptibletostrongremovalrainappliedturned outtobesufficient
FUNASA 2004 andtotypicalvaluesshowingatendencyto haveitstoallowlixiviationofsodiumand

foundingroundwater Mathess concentrationinthecolumnpercolatechlorideoftheprofileof thestudied
Harzey 1982 Szikszay 1993 itturnsstabilizedwiththetimeofapplicationsoils Thus theintermittenteffluent
outthattheyaresimilarorovercometheofBKME Thehighpotassiumapplication intercalatedbyperiodswith
referentialvalues Table3 concentrationsinthecolumnpercolateapplicationofnonsalinewater rainor

Ingeneral itcanbeobservedthatindicatethattheremovalofthisirrigation shouldmakepossibleto
therewasagradualincreaseintheelectricnutrientfromthesandytexturesoilremovea largeamountofsalts
conductivityvaluesand inthesodiumprofileisrelativelyhigh asitistheespeciallyinthemoresandysoils
concentrationsinthepercolatealongthecaseoftheevaluatedRQo especiallyTheincorporationoforganic
periodoftimeofBKMEapplicationintherainyperiodcorrectives includingsiltfrompulp
havingthehigherapplicationratesThephosphorusmobilityinthesoilindustriesandbovinedung intothe
providedmoresignificantincreasesintheissmallbecauseitisstronglyadsorbedsoiloftheeffluentapplicationareas
valuesoftheseparameters whentotheargillo humiccomplexofthesoilisalsoahandlingoption According
comparedtothoseobtainedintheanddoesnotinvolveaseriousdangertoVasconceloseCabral 1993 and
percolateofthewitnesscolumnsintermsofgroundwatercontaminationUSEPA 1981 thispracticemade

ThehighsodiumconcentrationsinHowever insandysoils consideringitspossibletomaintainproductivity
thepercolateindicatethatthesandysoilhighmacroporosityandlowretentionduringfertirrigationwitheffluentdue
hasenoughpermeabilitytopermitaquickcapacityofthisnutrient thispanoramatothesupplyofunavailablenutrients
sodiumlixiviationintheprofile Amaychangeandtheremayberisksoftotheculturesandthecontributionto
tendencyofthesodiumconcentrationsingroundwatercontamination Thethesoilstructureimprovement
thepercolateofthecolumnsthatreceivedaveragevalueofconcentrationofPincreasinginfiltrationratesandthe
theBKMEapplicationrateof1146mmfoundinBKMEwas175mgL whilesodiumlixiviationpotential1

towardsstabilizationatavaluebelowtheinthepercolateitvariedfrom0111to
affluentconcentrationcanbealsoverified517mgLforthelowest 1146mm1

Thedilutionofthesoilsolutionwiththeandthehighest 1146mm application
applicationofsimulatedrainsprovidedarate respectively suggestingthatthereThepresentworkpermittedto
continuoussodiumremovalbywasamovementofPalongtheprofileprogressinthe feasibilitystudyofusing
lixiviation indicatingthatthelocalThesevaluesarewithinthetypicalfertirrigationwithtreated wastewater
pluviositymaybesufficienttopromotearangeforgroundwaterfromthebleachedpulpkraft
suitablelixiviationofthesodiumofthemanufacturingprocessinthe
soilprofile Suitableapplicationhandling managementof plantedeucalyptus

Infertirrigation thenitrogenistheInmanydisposaltechniquesforests soastoguaranteeits
elementwhichismostsubjecttorestingperiodsfromwastewatersustainability consideringitspotentialof
lixiviationinthesoil However whileapplication asseasonalapplications areutilizationonthepresentnational
thenitrogenisinitsformofcationusual allowingatimefororganicmatterscenario tendencytotheshortageof
ammonium NH thepossibilityofdegradationbythemicroorganisms ashydricresources largevolumeofeffluents4

itslossbylixiviationislow Underwellasforwaterdrainagesoastogeneratedinpulpmanufacturing
normalcultivatedsoilconditions thereestablishaerobicconditions Theseextensive eucalyptusplantationareasnear
ammoniumisnitrateoxidized NO restingperiodsdependonthemethodtheeffluentgenerationsources high3

negativeloadion whichmovesmoreofdisposal onthesoil ontheculturehydricandnutritionaldemandofthe
freelywiththesoilwater Lixiviationandonhandlingconsiderations Theyplantationsandconstantneedof
mayoccurifnitrateispresentinlargeusuallyresultinrelativelygreatimprovementoftheenvironmental
quantities inthesoilpriortoplantationvariations intheapplicationratesandperformanceofthecompanies
whichisnotthecase orwhentheconsequently requirelargerstorageandTheinformationobtainedinthis
cultureisnot usingthisnutrient orelsewastewaterapplicationareasstudyprovideresourcesforabetter
whentheirrigationortherainexceedsTheresultsofthisstudyindicatedunderstandingofBKMEbehavior when

73thesoilretentioncapacityandthethatoccasionaldischargesofthesaltsappliedtoeucalyptusplantationsin



1 averagevaluesmonitoredalongtheexperiment 2 dayscountedfromthebeginningofBKMEapplication 3 Appliedrates correspondingto
0 0852138and845thaofNa1

DrainageEngineering v 117 n 6 pclayeyandsandytypickandiudultsand wouldconcernthevariationinthe
813826 1991typicquartzipsamments contributingto microbialpopulationofthesoil
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Panggabean P R Sarief S Eaccordancewiththeassimilation effluent asinitsenzymaticactivities
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