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ABSTRACT
Petrochemicalindustriesareknownsourcesofdiversemicrobialcommunitiesduetothecomplexchemicalcompositionsoftheireffluents.Thisstudyaimedtoisolateandcharacterizemicroorganismsfrompetrochemicaleffluentstoassesstheirdiversityandpotentialenvironmentalimpact.Sampleswerecollectedfromeffluentdischargepoints,andmicrobialisolationwasperformedusingselectivemedia.Morphologicalandbiochemicaltestswereemployedforpreliminaryidentification,supplementedbymoleculartechniqueslikePCRandsequencingfordetailedtaxonomy.Theresultsrevealedarichdiversityofbacteriaandfungiadaptedtotheharshconditionsofpetrochemicalwaste.Bacterialisolatespredominantlybelongedtogeneraknownforhydrocarbondegradation,suchasPseudomonasandBacillus,indicatingpotentialbioremediationcapabilities.FungalspeciesidentifiedincludedAspergillusandPenicillium,knownfortheirhydrocarbon-utilizingabilities.Antimicrobialsusceptibilitytestingshowedresistanceprofilesagainstcommonantibiotics,suggestingadaptationtopollutants.Thisstudyunderscorestheimportanceofmonitoringmicrobialpopulationsinpetrochemicalenvironmentsforenvironmentalmanagementandbiotechnologicalapplications.Understandingtheirdiversityandfunctionalcapabilitiesiscrucialfordevelopingeffectivestrategiesforenvironmentalremediationandmitigatingpotentialecologicalrisksassociatedwithpetrochemicalcontamination.
31

CHAPTERONE
1.0INTRODUCTION
Petrochemicalindustriesarevitaltomodernindustrialdevelopment,producingchemicalsderivedfrompetroleumandnaturalgasthatserveasrawmaterialsinmanufacturingplastics,fertilizers,detergents,andmore.However,intheprocessofrefiningandchemicalsynthesis,largequantitiesofwaste,knownaspetrochemicaleffluents,aredischargedintotheenvironment.Theseeffluentsoftencontaintoxiccompoundssuchashydrocarbons,heavymetals,andorganicsolvents,posingsignificantenvironmentalandpublichealthrisks.Whenreleasedintosoilorwaterbodieswithoutpropertreatment,theycandisruptecologicalbalance,contaminatedrinkingwater,andaffectaquaticlife(Biswasetal.,2022).Theirpersistenceintheenvironmentisduetotheirchemicalstabilityandresistancetonaturaldegradation.Overtime,thiscontaminationcanleadtobioaccumulationandbiomagnificationinfoodchains.Thismakesthemonitoringandtreatmentofpetrochemicaleffluentsanessentialconcerninenvironmentalscienceandmicrobiology.Thereisagrowingneedtoexploresustainableandeco-friendlymethodsformanagingsuchwaste.Onesuchpromisingapproachinvolvestheuseofmicroorganismsforbioremediation.Tofacilitatethis,itisimportanttoisolateandstudymicroorganismsthatnaturallyoccurinpetrochemical-pollutedsites(Karrayetal.,2020).
Microorganismssuchasbacteria,fungi,andactinomycetesplaysignificantrolesinthedegradationofenvironmentalpollutants.Somehaveevolvedmechanismsthatallowthemtotolerateandevenmetabolizecomplexpetrochemicalcompounds.Thesemicrobespossessuniqueenzymaticsystemsthatbreakdownhydrocarbonsanddetoxifyharmfulsubstances.Thepresenceofsuchmicroorganismsinpollutedenvironmentsisusuallyaresultofnaturalselection,whereonlyspeciescapableofsurvivingandutilizingthesecompoundscanthrive.Theirmetabolicdiversityandadaptabilitymakethemexcellentcandidatesforenvironmentalclean-upprocesses.Bioremediation,whichusesmicroorganismstodetoxifyorremovepollutants,hasgainedpopularityasalow-cost,eco-friendlyalternativetoconventionalmethodslikechemicaltreatments.Forsuccessfulbioremediation,thefirststepistheisolationofefficientmicrobialstrainsfromcontaminatedsites.Thisisbecauseindigenousmicroorganismsareusuallybetteradaptedtolocalenvironmentalconditionsandpollutants.Thus,understandingthetypesandcharacteristicsofmicroorganismsfoundinpetrochemicaleffluentsiscrucial.Thisknowledgehelpsindesigningeffectivebioremediationstrategiestailoredtospecificpollutiontypes.
Petrochemicaleffluentsaretypicallycharacterizedbyahighchemicaloxygendemand(COD),biologicaloxygendemand(BOD),andthepresenceofoil,grease,phenols,andvariousotherhazardoussubstances.Thesefactorsmaketheenvironmentinhospitableformanyformsoflife,yetcertainmicroorganismsflourishundersuchconditions.Theseorganismsareoftenextremophilesorpossessadaptivetraitsthatallowthemtoenduretoxicenvironments.Theycanusehydrocarbonsandotherpollutantsascarbonandenergysources,facilitatingtheirbreakdown.ThemicrobialpopulationinsuchenvironmentsoftenincludesgeneralikePseudomonas,Bacillus,Aspergillus,andPenicillium,amongothers.Theirpresenceandactivitycontributetothegradualdetoxificationofthecontaminatedenvironment.Theprocessofisolatingthesemicroorganismsinvolvessamplingeffluent-contaminatedsoilorwater,culturingonselectivemedia,andperformingidentificationusingbiochemicalormoleculartechniques.Thisprocessiscrucialinselectingpotentialstrainsforlaboratoryandfieldstudiesonbiodegradation.Italsohelpsresearchersunderstandthemicrobialecologyofpollutedenvironments.Ultimately,itcontributestothedevelopmentofmicrobialconsortiaforenhancedpollutantdegradation(Pandeyetal.,2025).
Theincreasingawarenessofenvironmentalpollutionanditsadverseeffectshasheightenedinterestinmicrobial-basedsolutions.Petrochemicalindustries,despitetheireconomiccontributions,havecomeunderscrutinyduetotheircontributiontoenvironmentaldegradation.Governmentsandenvironmentalagenciesnowenforcestricterregulationsonwastemanagementandpollutioncontrol.Asaresult,industriesareexploringwaystoreducetheirenvironmentalfootprint,includingadoptingbiotechnologicalinterventions.Theuseofmicroorganismsoffersaneco-friendly,cost-effectivealternativeforthetreatmentofpetrochemicalwastes.Moreover,itreducesrelianceonhazardouschemicalsthatcouldcausesecondarypollution.Thesuccessofthesemethodsdependslargelyonthetypesofmicroorganismsinvolvedandtheirdegradationpotential.Hence,isolatingandcharacterizingsuchmicrobesisanecessarystepinimplementingmicrobialtreatmentsystems.Microbialbiotechnologyholdspromisenotonlyinpollutionremediationbutalsoinrecoveringvaluableresourcesfromwaste.Thisformsthebasisforresearchprojectssuchastheonebeingundertakenhere.Understandingthesemicroorganisms’rolesisessentialforfutureadvancementsinenvironmentalmicrobiologyandindustrialsustainability(Dankakaetal.,2023).
Theisolationofmicroorganismsfrompetrochemicaleffluentsinvolvesastep-by-steplaboratoryprocess.Thisbeginswithsamplecollectionfromeffluentdischargepoints,contaminatedwaterbodies,orsurroundingsoil.Thesesamplesarethenprocessedunderasepticconditionstoavoidexternalcontamination.Microbialculturesaretypicallygrownonselectiveordifferentialmediadesignedtosupporthydrocarbon-degradingorganisms.Incubationundervariousconditions(aerobicoranaerobic)allowsthegrowthofdiversemicrobialcommunities.Pureisolatesarethenobtainedthroughsub-culturingandtestedfortheirabilitytodegradepetrochemicalcompounds.Furtheranalysisincludesbiochemicaltestssuchascatalase,oxidase,andstarchhydrolysis,aswellasmodernmolecularidentificationmethodslike16SrRNAsequencing.Theseanalyseshelpdeterminetheidentityandpotentialoftheisolates.Insomecases,researchersevaluatetheenzymaticactivityofthemicrobestounderstandtheirmodeofdegradation.Thislaboratoryprocessprovidesafoundationforusingtheidentifiedorganismsinpilot-scalebioremediationstudies.Italsoopensupavenuesforbioengineeringmicrobeswithenhancedcapabilities.
Thetypesofmicroorganismsisolatedfrompetrochemicaleffluentsvarydependingonthelocation,natureofeffluent,andenvironmentalconditions.Inaquaticenvironments,thedominantstrainsmaydifferfromthoseincontaminatedsoilduetodifferencesinoxygenavailabilityandnutrientlevels.CommonbacteriaisolatedincludePseudomonas,Alcaligenes,Mycobacterium,andRhodococcus,whichareknownfortheirhydrocarbondegradationpotential.FungalgenerasuchasAspergillusandPenicilliumarealsofrequentlyencounteredduetotheirstrongenzymaticsystems.Thesemicrobesexhibitdifferentmechanismsfordetoxifyinghydrocarbons,suchasoxidation,hydroxylation,anddehalogenation.Someevenpossessplasmidsthatencodeforhydrocarbon-degradingenzymes,whichcanbetransferredbetweenorganisms,enhancingadaptability.Themicrobialdiversityalsoreflectstheextentandhistoryofcontaminationatthesite.Studyingtheseorganismscontributestoadeeperunderstandingofmicrobialadaptation,evolution,andecologicalresilienceinpollutedenvironments.Moreover,itallowsforthedevelopmentofmicrobialconsortiatailoredtobreakdowncomplexpollutantmixtures.Thisdiversityisavaluableresourceinthefightagainstindustrialpollution.
Thesignificanceofthisstudyliesinitspotentialtoprovidesustainablesolutionsforenvironmentalmanagement.Asenvironmentalregulationstightenglobally,industriesarecompelledtoadoptcleanertechnologies.Byidentifyingmicroorganismscapableofdegradingpetrochemicalpollutants,thisresearchcontributestothegrowingbodyofknowledgeonbioremediation.Itemphasizestheuseofnature-basedsolutionstoaddresshuman-madeenvironmentalchallenges.Furthermore,theisolatedorganismsmayserveasmodelsforfurthergeneticandmetabolicstudies.Understandinghowthesemicroorganismssurviveanddegradetoxicsubstancescanhelpindevelopingengineeredstrainswithimprovedcapabilities.Thesefindingsmayalsocontributetothecreationofbioaugmentationproductsusedinwastewatertreatmentplants.Ultimately,thestudybridgesthegapbetweenmicrobiologyandenvironmentalscience,offeringpracticalapplicationsinwastemanagement.Italsoencouragesinterdisciplinarycollaboration,involvingmicrobiologists,environmentalists,andindustrialengineers.Throughthisresearch,microbiallifeispositionednotasathreatbutasanallyinenvironmentalrestoration(SamimiandShahriari-Moghadam,2025).
Thereare,however,challengesassociatedwiththeuseofmicroorganismsintreatingpetrochemicaleffluents.Notallstrainsareeffectiveunderfieldconditions,andfactorslikepH,temperature,andpollutantconcentrationcanaffectmicrobialactivity.Thepresenceofmixedcontaminantsmayalsoinhibitthegrowthorfunctionofsomemicroorganisms.Moreover,maintainingmicrobialviabilityandactivityduringtreatmentrequirescarefulenvironmentalmanagement.Geneticmutationorhorizontalgenetransfermayaffectmicrobialbehaviorunpredictably.Therefore,rigoroustestingandoptimizationarerequiredbeforefull-scaleapplicationofmicrobialtreatmentstrategies.Anotherchallengeistheslowrateofnaturalbiodegradation,whichmaynotbesuitableforemergencypollutionresponses.Toovercometheseissues,scientistsexploregeneticmodification,useofmicrobialconsortia,andenvironmentaloptimizationtechniques.Despitethesechallenges,microbialremediationremainsoneofthemostpromisingmethodsforlong-termenvironmentalsustainability.Thekeytosuccessliesinthecarefulselection,isolation,andtestingofrobustmicrobialstrainscapableofthrivinginpetrochemicalenvironments(Goveasetal.,2020).
Thisprojectistimelyandrelevant,consideringtheenvironmentalchallengesposedbyindustrializationandincreasingpetrochemicalwaste.Byfocusingontheisolationofmicroorganismsfromeffluents,itaddsvaluetothescientificefforttowardacleaner,greenerplanet(Dengetal.,2020).Theprojectinvolvesfieldsampling,microbialculture,identification,andpotentialassessmentforpollutantdegradation.Italsohighlightstheresilienceandadaptabilityofmicroorganismsinextremeenvironments.Furthermore,itcontributestotheknowledgeofmicrobialbiodiversityinpollutedecosystems,whichisimportantforconservationandenvironmentalmonitoring.Theoutcomesofthisstudycouldinformenvironmentalpolicyandindustrialpracticesoneffluenttreatment.Itcouldalsostimulatefurtherresearchintomicrobialbiotechnologyandwastebiotransformation.Theprojectultimatelyunderscorestheimportanceofintegratingmicrobiologyintoenvironmentalprotectionstrategies.Bytappingintothenaturalpotentialofmicroorganisms,wecanmoveclosertoachievingsustainableindustrialdevelopment(Langetal.,2020).
Theisolationandstudyofmicroorganismsassociatedwithpetrochemicaleffluentsisacrucialstepinenvironmentalbiotechnology.Itprovidesinsightintomicrobialecology,adaptation,andbiodegradationprocesses.Throughthisproject,valuablemicrobialstrainscanbeidentifiedandpossiblyharnessedforbioremediationapplications.Thesestrainsnotonlyhelpmitigatepollutionbutalsosupporttherestorationofecologicalbalance.Theresearchalignswithglobalgoalsforsustainabledevelopment,particularlyintheareasofcleanwater,industryinnovation,andclimateaction.Itemphasizesthedualroleofmicrobesasbothbioindicatorsofpollutionandagentsofenvironmentalrecovery.Theimportanceofsuchresearchisgrowing,especiallyinregionswhereindustrialactivitiesandenvironmentalprotectionmustbebalanced.Ultimately,thisstudycontributestothebroaderscientificunderstandingofhowmicroorganismsinteractwithman-madepollutants.Itlaysthegroundworkforinnovative,nature-basedapproachestopollutioncontrol.Assuch,itholdspromisefortransformingwastemanagementpracticesinpetrochemicalandrelatedindustries(Mikhaketal.,2019).
1.2LiteratureReview
Microorganismshavedemonstratedaremarkableabilitytoadapttoharshenvironments,includingpetrochemicaleffluents,whichareoftenrichintoxicorganiccompoundssuchashydrocarbons,phenols,andheavymetals.Theseeffluentssignificantlyalterthephysicochemicalpropertiesofreceivingecosystems,leadingtoselectivepressurethatfavorsresistantmicrobialcommunities.RecentstudieshaveshownthatcertainbacteriasuchasPseudomonas,Bacillus,andAcinetobacterspeciesthriveinhydrocarbon-richenvironmentsduetotheirpossessionofcatabolicgenesforpollutantdegradation(Akinolaetal.,2022).Thesemicrobesnotonlysurvivebutplaykeyrolesinthebioremediationofpetrochemical-contaminatedsites.
Petrochemicaleffluentssupportdiversemicrobialcommunitiesthatincludebacteria,fungi,andactinomycetes.Thesemicroorganismsdifferintheirmetaboliccapabilitiesanddegradationpathways.BacterialspeciessuchasAlcaligenes,Mycobacterium,andRhodococcushavebeenfrequentlyisolatedfromrefinerywastewatersandareknownfortheirabilitytodegradepolycyclicaromatichydrocarbons(PAHs).FungalisolatessuchasAspergillusandPenicilliumspecieshavealsobeenidentifiedfortheirligninolyticenzymesthathelpinbreakingdowncomplexhydrocarbons(Khanetal.,2021).Thediversityofthesemicroorganismsdependslargelyonthenatureofpollutantsandtheenvironmentalconditionsoftheeffluentdischargesite.
Variousmicrobiologicalandmoleculartechniquesareemployedfortheisolationandidentificationofmicroorganismsfrompetrochemicaleffluents.Traditionalculture-dependenttechniquesinvolveserialdilution,enrichmentcultureusingminimalsaltmediumwithhydrocarbonsubstrates,andbiochemicalcharacterizationofisolates.However,culture-independenttechniquessuchas16SrRNAgenesequencing,metagenomics,andpolymerasechainreaction(PCR)havebecomeessentialinrecentyearstodetectunculturableorraremicrobialspecies(Obayorietal.,2023).Thesemoderntechniquesprovideacomprehensiveunderstandingofmicrobialdiversityandfunctionalgenesassociatedwithhydrocarbondegradation.
1.3StatementofProblem
· EnvironmentalPollutionandEcologicalDamage
· LimitedKnowledgeofIndigenousMicrobialSpecieswithBioremediationPotential
· HealthHazardsandPublicSafetyRisks
1.4AimandObjectives
· ToIsolateandIdentifyMicroorganismsPresentinPetrochemicalsoil
· ToAssesstheToleranceandAdaptationMechanismsofIsolatedMicroorganismstoPetrochemicalPollutants
· ToEvaluatethePotentialoftheIsolatedMicroorganismsforBioremediationofPetrochemicalPollutants


CHAPTERTWO
2.0MATERIALSANDMETHODS
2.1Materials
Thematerialsusedfortheisolationofmicroorganismsandphysicochemicalanalysisofsoilsamplesfrompetrochemicaleffluentsincluded:conicalflasks,steriletesttubes,measuringcylinders,weighingbalance,stirrer,spatula,microscopeslides,Petridishes,distilledwater,stopwatch,crystalviolet,safranin,iodine,ethylalcohol,cottonwool,sterileswabs,aluminiumfoil,tissuepaper,spiritlamp,lighter,inoculatingloop,NutrientAgar(NA),SabouraudDextroseAgar(SDA),andantibiotics(amoxicillin).Twoenvironmentalsoilsampleswereutilized:SampleA(PetrolStationSoil-P.S.S)andSampleB(MechanicalVillageSoil-M.V.S).Additionally,materialsforsoilphysicochemicalanalysisincludedmercuryandalcoholthermometers,pHmeter,conductivitymeter,portableDR900multiparameterspectrophotometer,bariumchloridesolution,ammoniumhydroxide,potassiumchromate,andsilvernitratesolution.
2.2SterilizationofGlasswares
Glasswareweresterilizedusinghotairovenatatemperatureof160⁰cfor30minutes.ThewashedGlasswareweredrainedallowedtodriedbeforebeingwrappedfoilpapers,everythingwasthenarrangedinsidetheovenandthensubjectedtoSterilization.AftertheSterilizationtheovenwaslefttocooldownforabout30minutesbeforetheGlasswaresweretakenout.Worksurfacesweredisinfectedwith70%ethanol,andaspiritlampwaskeptonthroughouttheproceduretominimizecontamination.
2.3MediaPreparation
Twotypesofculturemediawerepreparedformicrobialisolation:
2.3.1NutrientAgar(NA)
28gofNutrientAgarpowderwasdissolvedin1literofdistilledwater,heatedgentlywhilestirringuntilfullydissolved,andautoclavedat121°Cfor15minutes.Thesterilizedmediumwasallowedtocoolto45°CandpouredasepticallyintosterilePetridishesforbacterialculture.

2.3.2SabouraudDextroseAgar(SDA)
65gofSDApowderwasdissolvedin1literofdistilledwaterandheatedtodissolvecompletely.Aftersterilizationat121°Cfor15minutes,1gofamoxicillindissolvedinsteriledistilledwaterwasaddedtosuppressbacterialgrowthandpromotefungalgrowth.ThemediumwaspouredintosterilePetridishesandallowedtosolidifyinaninvertedposition.
2.4SampleCollectionandPreparation
Soilsampleswerecollectedusingsterilespatulasintosterileplasticbottles,labelledappropriatelyasP.S.SandM.V.S.Thesampleswereimmediatelytransportedtothemicrobiologylaboratoryformicrobialisolationandtothechemistrylaboratoryforphysicochemicalanalysis.Formicrobialwork,asmallquantityofeachsoilsamplewastransferredinto5mLofsteriledistilledwaterintesttubes,shakenvigorously,andusedforinoculation.
2.5InoculationandIncubation
SterileNutrientAgarandSDAplateswereinoculatedusingbothsprinkledrawsoilsamplesand0.5mLsuspensionsofsoilsolutions.Inoculationswerecarriedoutunderasepticconditions.Plateswereincubatedat37°Cfor24hoursforbacterialgrowthandatroomtemperatureforupto5daysforfungalgrowth.
2.6GramStainingProcedure
Followingincubation,bacterialisolatesweregram-stainedformicroscopicidentification.Aloopfulofbacterialculturewassmearedonacleanslide,air-dried,andheat-fixed.Thesmearwasstainedwithcrystalvioletfor1minute,rinsed,followedbyiodinefor30seconds.Ethanolwasusedfordecolorization,andsafraninwasusedforcounterstaining.Thestainedslideswereviewedunderamicroscopeat×40magnification.
2.7PhysicochemicalAnalysisofSoilSamples
Soilsampleswereair-driedfor72hoursatroomtemperature,thengroundandsievedthrougha2.0mmmeshpriortoanalysis.TheanalyseswerecarriedoutattheChemistryLaboratoryUnitoftheScienceLaboratoryTechnologyDepartment,KwaraStatePolytechnic,Ilorin.
2.7.1TemperatureMeasurement
Soiltemperaturewasmeasuredinsitubyinsertingamercury/alcoholthermometer5–10cmdeepintothesoil.
2.7.2pHandElectricalConductivity
SoilpHandelectricalconductivityweremeasuredusingtheaqueoussoilsuspensionmethod(ISO10390:2005)followingtheprocedurebyUsehetal.(2015).A1:5soil-to-waterratiowasusedforthesuspension.
2.7.3NitrateandPhosphateDetermination
Tengramsofair-driedsoilweremixedwith50mLofdeionizedwaterandallowedtostandfor10minutes.ThemixturewasanalyzedfornitrateandphosphateconcentrationsusingaPortableDR900multiparameterspectrophotometerat304nmand880nmwavelengths,respectively.
2.7.4SulphateDetermination
Fromthewaterextractofthesoilsuspension,10mLwastransferredintoaconicalflask.Concentratedhydrochloricacidwasaddedtoacidifythesolution,followedbyheatingtoboiling.Bariumchloridesolutionwasaddedinslightexcess(volumeV1)andthemixturewasneutralizedusingammoniumhydroxide.Excessbariumchloride(V2)wastitratedagainstpotassiumchromateusingsilvernitrateasanexternalindicator.Abrickredprecipitateindicatedtheendpoint.Thetotalsulphatecontentwascalculatedusingtheformula:Totalsulphateinsoil=0.0117×100×(V1-V2)
CHAPTERTHREE
3.0RESULTS
3.1MicrobialGrowthObservation
Microbialgrowthwasobservedafter24-hourincubationforbacterialculturesandafter5daysforfungalcultures.ThenutrientagarandSabourauddextroseagarsupportedvisiblecolonyformation.
Table1:MacroscopicobservationofNutrientAgar
	Sample
	GrowthDescription

	PS
	Creamy,mucoidbacterialcoloniesobserved

	MS
	Yellowish,circularbacterialcoloniesobserved


Keyword:
PS=Petrolstation
MS=Mechanicstation

Table2MicroscopicObservationofNutrientAgar
	Sample
	Observation
	Inference

	PS
	Gram+vecocciincluster
	StaphylococcusSpp.

	MS
	Gram–veshortrod
	Escherichiacoli


Keyword:
PS=Petrolstation
MS=Mechanicstation
Table3:MorphologicalobservationonSabouraouddextroseAgar
	Sample
	Observation
	Inference

	PS
	Whitishcolonyfungalgrowth
	Sclerotinaspp

	MS
	Greyishfilamentousfungalgrowth
	Aspergillusspp,penicillumspp,Fusariumspp


Keyword:
PS=Petrolstation
MS=Mechanicstation
3.2GramStainingResults
Followingincubation,gramstainingofthebacterialisolateswascarriedout.ObservationsrevealedbothGram-positiveandGram-negativebacteria,withcellmorphologydifferingbetweensamples.
Table4:GramStainingandMicroscopyObservation
	Sample
	MicroscopyObservation
	GramReaction
	Morphology

	PS
	Purple-stainedcocci
	Gram-positive
	Sphericalclusters

	MS
	Pink-stainedrods
	Gram-negative
	Rod-shapedbacilli


Keyword:
PS=Petrolstation
MS=Mechanicstation
3.3PhysicochemicalPropertiesofSoilSamples
Table3.1presentsthecomparativeanalysisofthephysicochemicalparametersmeasuredfromthesoilsamples.Theresultsshowvariationintemperature,pH,andnutrientcontentamongthepetrolstation(PS),mechanizedfarmsoil(MS),andcontrolsamples.
Table5:ResultofPhysicochemicalParametersofSoilSamples
	Parameter
	SamplePS(PetrolStationSoil)
	SampleMS(MechanizedFarmSoil)
	Control

	Temperature(°C)
	33.0
	36.0
	29.0

	pH
	7.4
	6.7
	8.3

	ElectricalConductivity(µS/cm)
	113
	124
	100.4

	Nitrate(mg/L)
	17.00
	22.00
	15.50

	Phosphate(mg/L)
	28.50
	39.00
	19.00

	Sulphate(mg/L)
	30.00
	44.60
	8.50





CHAPTERFOUR
4.0DISCUSSIONANDCONCLUSION
4.1DISCUSSION
Themicrobialgrowthobservedfromthesoilsamplescollectedatthepetrolstation(PS)andmechanizedfarm(MS)clearlyindicatesvariationinmicrobialabundanceanddiversitybasedonenvironmentalconditionsandlanduse.NutrientAgar(NA)andSabouraudDextroseAgar(SDA)supporteddistinctcolonygrowthpatterns.PSsamplesyieldedcreamy,mucoidbacterialcolonies,suggestiveofhydrocarbon-adaptedbacteriasuchasStaphylococcusspp.,whileMSsamplespresentedyellowish,circularcoloniestypicalofEscherichiacoli,aspeciescommonlyassociatedwithnutrient-richagriculturalsoils.ThesefindingsalignwithAdeoyeetal.(2021),whoreportedthatoil-contaminatedsoilstendtoharborspecializedmicrobialcommunitiescapableofutilizingpetroleumcompoundsasacarbonsource.
MicroscopicanalysisandGramstainingfurthersupportedtheseobservations.ThepresenceofGram-positivecocciinclustersinPSpointstowardsStaphylococcusspecies,whichareresilienttochemicalstressandoftendominatepollutedenvironments(Ishaqetal.,2020).Incontrast,theidentificationofGram-negative,rod-shapedE.coliinMSreflectstheinfluenceoforganicmatterandmanuretypicallyfoundincultivatedsoils,promotingthegrowthofentericbacteria.SimilarpatternsweredocumentedbyAkintokunetal.(2022),whoobservedthatmicrobialprofilesshiftsignificantlywithlandusetypeandanthropogenicinput.
Fungalmorphologyalsorevealeddistinctpatternsbetweenthetwoenvironments.ThePSsampleshowedwhitishfungalcoloniesidentifiedasSclerotiniaspp.,knownforsurvivingunderstressfulconditionsincludingpetroleumpollution.Incontrast,theMSsampleshowedgreyish,filamentouscolonies,morphologicallyconsistentwithgenerasuchasAspergillus,Penicillium,andFusarium,allofwhichareknowndecomposersandthriveinorganic-rich,minimallycontaminatedsoils.AccordingtoNwachukwuandChukwuocha(2020),thesefungiarealsoinvolvedinnutrientcyclingandorganicmatterbreakdown,indicatingahealthymicrobialecologyinfarmsoils.
TheGramstainingresultsfurtherhighlightedtheseenvironmentaldifferences.WhileStaphylococcus(Gram-positivecocci)inPSsoilsuggeststheselectionofstress-resistantmicrobesduetopetrochemicalresidues,E.coli(Gram-negativebacilli)inMSsoilrepresentsatypicalindicatorofsoilenrichedwithorganicfertilizersandfaecalmatter.ThesemorphologicaldistinctionssupportthefindingsofEmogheneetal.(2021),whoobservedacorrelationbetweenmicrobialmorphologyandsoilusagetypeindifferentecologicalsettings.
Thephysicochemicalpropertiesofthesoilsamplesfurtherexplainthesemicrobialpatterns.TheMSsampleexhibitedhighertemperature(36°C),nitrate(22.00mg/L),phosphate(39.00mg/L),andsulphate(44.60mg/L)levels,indicativeoffertileconditionssuitablefordiversemicrobialgrowth.Conversely,PSsoilhadaslightlyalkalinepH(7.4)andlowernutrientvalues,likelyinfluencedbyhydrocarbonpresence,whichinhibitsmicrobialdiversityandselectivelysupportstolerantspecies.Usehetal.(2020)alsoreportedthatpetroleum-contaminatedsoilstendtoexhibitalteredpHandnutrientdepletion,affectingmicrobialgrowthdynamics.
Overall,theobserveddifferencesinmicrobialmorphology,Gramreaction,andfungalgrowth,inconjunctionwiththevaryingphysicochemicalparameters,emphasizetheroleofenvironmentalpollutionandlandmanagementinshapingmicrobialecosystems.Thefindingsreaffirmthatmicrobialpopulationsnotonlyreflectthecurrentstateoftheirhabitatsbutalsoserveaspotentialindicatorsforsoilhealthandcontaminationlevels.
4.2CONCLUSION
Thisresearchhighlightsthesignificantdifferencesinmicrobialandphysicochemicalcharacteristicsbetweenpetrolstationandfarmsoils,reinforcingtheneedforeffectivesoilmanagementandremediationpracticesinpollutedenvironments.
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