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INTRODUCTIONINTRODUCTION

TheThe aimaim ofof thisthis workwork waswas toto investigateinvestigate dibenzothiophenedibenzothiophene (DBT)(DBT) biodegradationbiodegradation productsproducts formedformed duringduring exex situsitu

bioremediationbioremediation ofof aa soilsoil contaminatedcontaminated withwith heavyheavy residualresidual fuelfuel oiloil..

PresencePresence ofof DBTDBT andand itsits methylatedmethylated homologueshomologues inin thisthis soilsoil hashas alreadyalready beenbeen confirmed,confirmed, asas wellwell asas microbialmicrobial activityactivity inin
biodegradationbiodegradation ofof thesethese compoundscompounds ((ŠolevićŠolević KnudsenKnudsen etet alal..,, 20152015))..
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EXPERIMENTALEXPERIMENTAL

DuringDuring thethe periodperiod fromfrom SeptemberSeptember 20092009 toto MarchMarch 20102010,, thethe exex situsitu bioremediationbioremediation ofof soilsoil contaminatedcontaminated withwith heavyheavy
residualresidual fuelfuel oiloil ((mazutmazut)) waswas conductedconducted.. TheThe crudecrude oiloil––pollutedpolluted soilsoil (approximately(approximately 150150 tt;; 210210 mm33)) waswas excavatedexcavated
contaminatedcontaminated soilsoil fromfrom anan energyenergy powerpower plant,plant, andand uniformlyuniformly distributeddistributed overover 300300 mm33 ofof notnot rinsedrinsed sandsand fromfrom thethe SavaSava
RiverRiver (settlement(settlement OstružnicaOstružnica,, Serbia)Serbia).. TheThe sawdustsawdust fromfrom poplar,poplar, beech,beech, andand oakoak (approx(approx.. 6060 mm33)) waswas addedadded inin orderorder toto
increaseincrease thethe retentionretention waterwater capacity,capacity, butbut asas alternativealternative additionaladditional carboncarbon (C)(C) substratesubstrate asas wellwell.. TheThe entireentire materialmaterial (volume(volume
ofof approxapprox.. 600600 mm33),), defineddefined asas aa bioremediationbioremediation substrate,substrate, waswas homogenizedhomogenized andand thenthen formedformed intointo aa biopilebiopile shapeshape withwith
dimensionsdimensions ofof 7575 mm ×× 2020 mm ×× 00..44 mm (length,(length, width,width, height),height), withwith bulldozersbulldozers.. AfterAfter formation,formation, thethe biopilebiopile waswas continuouslycontinuously
sprayedsprayed withwith biomass,biomass, fromfrom thethe tanktank ofof 55 mm33.. TheThe biomassbiomass ofof microbialmicrobial consortia,consortia, isolatedisolated fromfrom thethe crudecrude oiloil––contaminatedcontaminated
soilsoil (re(re--inoculation)inoculation) andand nutritivenutritive substancessubstances ((biostimulationbiostimulation),), waswas appliedapplied onon thethe biopilebiopile.. AnalyticalAnalytical profileprofile indexindex (API(API--
BiomerieuxBiomerieux)) teststests conductedconducted withwith isolatedisolated culturescultures ofof microorganismsmicroorganisms identifiedidentified PseudomonasPseudomonas aeruginosaaeruginosa,, RhodococcusRhodococcus spsp..,,
PseudomonasPseudomonas spsp..,, PseudomonasPseudomonas fluorescensfluorescens,, SphingomonasSphingomonas paucimobilispaucimobilis,, PseudomonasPseudomonas luteolaluteola,, AchromobacterAchromobacter denitrificansdenitrificans,,
StenotrophomonasStenotrophomonas maltophiliamaltophilia andand AeromonasAeromonas hydrophilahydrophila..

AnAn optimaloptimal ratioratio ofof C/N/P/KC/N/P/K (approx(approx.. 100100::1010::11::00..11)) waswas achievedachieved byby sprayingspraying aa solutionsolution ofof dissolveddissolved ammoniumammonium nitratenitrate
(N),(N), diammoniumdiammonium hydrogenhydrogen phosphatephosphate (P(P andand N)N) andand potassiumpotassium chloridechloride (K)(K) withwith agriculturalagricultural sprayingspraying.. AerationAeration andand
mixingmixing werewere performedperformed eacheach 22 weeksweeks withwith powerfulpowerful constructionconstruction machinerymachinery.. BiomassBiomass andand nutritivenutritive substancessubstances werewere addedadded
onceonce aa monthmonth byby turningturning andand mixingmixing thethe biopilebiopile.. BiosurfactantBiosurfactant ofof BiosolveBiosolve typetype waswas appliedapplied onon thethe biopilebiopile atat aa concentrationconcentration
ofof 7070 mLmL ofof thethe originaloriginal solutionsolution perper cubiccubic metermeter ofof soilsoil.. AfterAfter preparation,preparation, thethe biopilebiopile waswas coveredcovered withwith plasticplastic foilfoil toto
preventprevent directdirect influenceinfluence ofof precipitationprecipitation andand lowlow temperaturestemperatures onon thethe bioremediationbioremediation materialmaterial..

SimultaneouslySimultaneously withwith thethe samplingsampling fromfrom biopilebiopile,, atat thethe beginningbeginning ofof thethe experiment,experiment, immediatelyimmediately afterafter mixing,mixing, butbut
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TheThe completecomplete analyticalanalytical procedureprocedure thatthat waswas appliedapplied toto thethe samplessamples waswas alsoalso appliedapplied toto thethe controlcontrol samplessamples..

DuringDuring sixsix--monthmonth longlong exex situsitu bioremediationbioremediation experiment,experiment, soilsoil samplessamples werewere takentaken fivefive timestimes inin regularregular intervalsintervals.. TheThe
soilsoil samplessamples werewere extractedextracted inin aa SoxhletSoxhlet apparatusapparatus withwith dichloromethanedichloromethane asas aa solventsolvent.. TheThe extractsextracts werewere cleanedcleaned upup andand
fractionatedfractionated usingusing columncolumn chromatographychromatography.. TargetTarget compoundscompounds werewere analysedanalysed byby gasgas chromatographychromatography –– massmass spectrometryspectrometry
(GC(GC--MS)MS).. TheThe GCGC--MSMS analysisanalysis comprisedcomprised numerousnumerous DBTDBT oxygenatedoxygenated andand hydroxylatedhydroxylated derivatives,derivatives, whichwhich areare knownknown asas
intermediaryintermediary productsproducts ofof differentdifferent DBTDBT biodegradationbiodegradation pathwayspathways ((MonotMonot andand WarzywodaWarzywoda,, 20082008))..

TheThe compoundscompounds werewere identifiedidentified byby coinjectioncoinjection ofof authenticauthentic standardsstandards andand matchingmatching ofof theirtheir spectraspectra withwith thosethose fromfrom thethe
spectralspectral librarylibrary (NIST(NIST1111))..
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RESULTSRESULTS

OfOf allall DBTDBT derivativesderivatives investigatedinvestigated inin thisthis research,research, 22--hydroxybiphenylhydroxybiphenyl (HBP)(HBP) waswas thethe onlyonly oneone identifiedidentified inin thethe soilsoil
samplessamples analyzedanalyzed.. ThisThis compoundcompound waswas identifiedidentified onlyonly inin thethe controlcontrol pilepile.. HBPHBP waswas identifiedidentified inin thethe soilsoil samplessamples inin thethe finalfinal
phasesphases ofof thethe experiment,experiment, whenwhen DBTDBT waswas presentpresent inin aa lowlow abundance,abundance, andand later,later, whenwhen DBTDBT waswas almostalmost completelycompletely
degradeddegraded (Figures(Figures 11 andand 22))..
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CONCLUSIONSCONCLUSIONS

DetectionDetection ofof HBP,HBP, whichwhich isis aa productproduct of,of, andand markermarker forfor thethe 44SS DBTDBT biodegradationbiodegradation pathwaypathway indicatesindicates thatthat
correspondingcorresponding metabolismmetabolism mightmight alsoalso bebe operationaloperational inin thethe microbialmicrobial communitycommunity employedemployed inin thisthis researchresearch..

AdditionallyAdditionally,, presencepresence ofof HBPHBP inin thethe soilsoil samplessamples whenwhen DBTDBT waswas almostalmost completelycompletely degradeddegraded indicatesindicates thatthat thisthis
compoundcompound mightmight bebe usefuluseful indicatorindicator ofof formerformer DBTDBT presencepresence inin soilsoil eveneven whenwhen DBTDBT isis completelycompletely degradeddegraded..

FinallyFinally,, thesethese resultsresults indicateindicate thatthat biodesulfurizationbiodesulfurization processes,processes, whichwhich havehave alreadyalready foundfound applicationapplication inin removalremoval ofof
sulfursulfur--containingcontaining compoundscompounds fromfrom crudecrude oiloil andand itsits derivatives,derivatives, aimingaiming atat improvingimproving theirtheir quality,quality, mightmight alsoalso playplay aa
significantsignificant rolerole inin reductionreduction ofof thethe environmentalenvironmental pollutionpollution fromfrom thethe fossilfossil fuelfuel contaminationcontamination..
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FigureFigure 11.. GCGC--MSMS chromatogramschromatograms ofof ionsions m/zm/z == 170170 ((22--
hydroxybiphenylhydroxybiphenyl –– HBPHBP andand trimethyltrimethyl--naphthalenesnaphthalenes –– TMN)TMN) ),),
m/zm/z == 184184 ((tetramethyltetramethyl--naphthalenesnaphthalenes –– TeMNTeMN andand
dibenzotiophenedibenzotiophene –– DBT),DBT), m/zm/z == 198198 (methyl(methyl--dibenzotiophenesdibenzotiophenes ––
MDBT),MDBT), andand m/zm/z == 212212 ((dimethyldimethyl--dibenzotiophenesdibenzotiophenes –– DMDBT)DMDBT) ofof
thethe aromaticaromatic fractionsfractions isolatedisolated duringduring thethe experimentexperiment..

FigureFigure 22.. MassMass spectrumspectrum ofof HBPHBP identifiedidentified inin thethe samplessamples (up)(up)
andand thethe bestbest matchingmatching spectrumspectrum fromfrom thethe NISTNIST librarylibrary (down)(down) ..


