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ABSTRACT: Oil hydrocarbon spills cause defilement of soils, surface springs and groundwater supplies, along
these lines negatively affecting the earth. Advances in science and innovation have empowered us to apply the
capability of natural assorted variety for contamination decrease which is named as bioremediation.
Bioremediation is an inventive innovation for the treatment of wide assortment of contaminants. The current
examination was thus centered around treating oil tainted soils using the capability of bioremediation.

The examination underscores on hydrocarbon debasement during the drawn out bioremediation of oil polluted
soil. Dampness substance of the dirt was considered for enhancement, so as to assess its impact on the
biodegradation procedure. Biodegradation of Total Petroleum Hydrocarbons (TPH) was inspected for 28
bioreactors with differing dampness content (30% - 90% field limit) and one reactor was taken as control
bioreactor. The physico-substance and natural qualities of the dirt were tried on a week after week reason for a
time of 23 weeks to decide the TPH debasement rate. It was seen that at dampness substance of 60% field limit,
most extreme TPH expulsion of 78.21% was recorded and the debasement rate constants for fast and moderate
period of debasement were 0.0250 d-1 and 0.00267 d-lrespectively. Since the primary (fast) phase of
degradationwas overwhelming, endeavors to upgrade natural movement ought to be coordinated towards the
principal period of biodegradation.
Keywords:LongTermBioremediation,TotalPetroleumHydrocarbons,MoistureContent.

l. INTRODUCTION

Petroleumhydrocarbonsarewidelyusedinourdailylifeasfuelandchemicalcompounds.Asaresultofthismassiv
euse,petroleumhasbecomethemostcommoncontaminantoflargesoilsurfaces,andeventuallyisconsideredasamajoren
vironmentalproblem[1].Theincreaseinpublicawarenesstowardstheconservationoftheenvironmenthasledtothedevel
opmentofvariousphysicochemicaltechniquesforcleaningupsites. Althoughmostofthephysicochemicalmethodscanb
eefficientfortreatingawiderangeofpollutants,theyareextremelyexpensive[2].Consequently,bioremediationhasbeco
meavaluablealternativetechnologytomanyphysicochemicalmethodsasitisacosteffectiveandenvironmentalfriendlytr
eatment[3].Hence,thisresearchworkwasfocusedonstudyingthebiodegradationofhydrocarbonsduringlongtermtreat
mentofpetroleumhydrocarboncontaminatedsoils.

1. Literature Review

Bioremediationisaninvaluabletoolboxforwiderapplicationintherealmofenvironmentalprotection.Biologic
alagents,mainlymicroorganismsi.e.yeast;fungiorbacteriaareusedtocleanupcontaminatedsoilandwater[4].Bioremedi
ationhasbeensuccessfullyappliedforcleanupofsoil,surfacewater,groundwater,sedimentsandecosystemrestoration. It
hasbeenunequivocallydemonstratedthatanumberofxenobioticscanbecleanedupthroughbioremediation[5].
However,thereareawiderangeoffactorsknowntoreducetheabilityofsoilmicrobestobreakdowncontaminants. Thesefa
ctorsincludenutrients,pH,temperature,moisture,oxygen,soilcharacteristicsandcontaminantbioavailability[6].Optimi
zingtheseenvironmentalconditionscouldenhancecontaminantsbiodegradationinthesoil[7].Biosurfactantscanbeused
toimprovecontaminantbioavailabilitytosoilmicrobialdegradersthroughreducingcontaminantviscosityandthusincrea
singhydrocarbonsolubility[3].

Overtheyears,lotofstudieshasbeenreportedonpetroleumhydrocarbondegraders[8].But,thereisnocomprehe
nsiveandconclusivereportonthekineticsofbiodegradationofcrudeoil[9].Fewworkshavebeendedicatedtoinvestigateth
ekineticofsoilbioremediation[10,11,12].Informationonkineticsisextremelyimportantbecauseitcharacterizestheconc
entrationofthechemicalremainingatanytimeandpermitspredictionofthelevelslikelytobepresentatsomefuturetime[13
]. Thus,informationondegradationkineticsandresultingresidualconcentrationsisnecessarytounderstandthebehaviorof
pollutantsinsoilsandtoassesstheprospectsofremediation.However,dataonkinetics
andresultingresidualconcentrationsfromthedegradationof TPHinlongtermpollutedfieldsoilsarescarce[14,15].Hence
forth,thisresearchwasgearedtowardsstudyingthebiodegradationofhydrocarbonsduringthelongtermtreatmentof TPH
contaminatedsoilsandtodescribethetwoconsecutivefirstorderkineticreactions.ltwasalsofocusedontheoptimizationo
fmoisturecontentrequiredforeffectivebioremediation.
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1. MATERIALS AND METHODS

ThefreshsoilwasexcavatedfromanopenfieldnearCivilEngineeringDepartment,JBCampus,Bangalore,atade
pthof50cmfromthegroundsurface. ltwasthenairdried,pulverizedandsievedthrough4.75mm.Thesoilpassedthrough4.
75mmandretainedon75micronwastakenfortheexperimentalwork. Thefreshsoilwasanalyzedforthevariousphysicoch
emicalandbiologicalcharacteristicsinordertoascertainitssuitabilityforbioremediationprocess(Tablel). Thewasteoil
oroilysludge)wascollectedfromVRLLogisticslocatedatadistanceof4kmsfromJBCampus.Thefreshsoilwasmixedwit
hwasteoilandacclimatizedsoilintheratio10:2:1 (i.e.4kg offreshsoil:800gmof wasteoil:400gmof
acclimatizedsoil).BiosurfactantrhamnolipidproducedinEnvironmentalEngineeringlaboratory,CivilEngineeringDep
artment,JBCampus,Bangalorewasaddedtothebioreactorsinl:4ratio(i.e.lgmofbiosurfactantper4gmofsoil)toincreaset
hecontaminantbioavailabilitytosoilmicrobes. ThesoilwasthenmixeduniformlyandfilledintoPVCreactorsupto75%w
orkingvolumeandremaining25%wasfreeboardforefficientdegradationofcontaminatedsoil.
28bioreactorsalongwithonecontrolbioreactorwereusedforsinglebatchexperiments. Theenvironmentalparametersaff
ectingbioremediationprocessweremaintainedatoptimumconditionsinallthebioreactorsthroughoutthestudyperiod. Th
epHwasmaintainedwithinarangeof6.58.5,temperatureat20°Cto30°CandC:N:Pratioat100:10:1[16]. Thebioreactorsw
eremaintainedatadifferentmoisturecontentof30%,40%,50%,60%,70%,80%and90%fieldcapacityandwererepresent
edasM1,M2,M3,M4,M5,M6andM7respectively.Thesesevenbioreactors(withdifferentmoisturecontent)hadfourrepl
icateseach(numberofbioreactorsforthestudywasselectedbasedonstatisticalanalysis).OnebioreactorwaskeptasContr
olReactor(MC).Thecontrolreactorhadnoalterationsdonetoitsmoisturecontentthroughoutthestudyperiod.

Thebioreactorsweremonitoredregularlyandwereanalyzedonaweeklybasisforvariousphysicochemicalandb
iologicalcharacteristicsforaperiodof23weeks. TheweeklyreductioninTPHconcentrationsinthebioreactorswasevaluat
edtooptimizethemoisturecontentrequiredforefficientbioremediationandtounderstandthedegradationkinetics.

1. RESULTS AND DISCUSSION
3.1 Physico-chemicalandbiologicalcharacteristicsoffreshsoilandsimulatedsoil
TheinitialphysicochemicalandbiologicalcharacteristicsofthefreshsoilandsimulatedsoilareshowninTablel. Theresult
softhevariousphysicochemicalandbiologicalcharacteristicsofthesimulatedsoilinthebioreactorsaftersevenandtwentyt
hreeweeksoftreatment(i.e.afterlandllstage)istabulatedinTable2and Table3respectively.

Tablel:Initialphysico-chemicalandbiologicalcharacteristicsoffreshsoilandsimulatedsoil

Parameters Unit FreshSoilConcentrations | SimulatedSoilConcentrations

TypeofSoil Sandy Sandy

Porosity % 37

Texture WellGraded WellGraded

Co- 6.5
Ffininntnfl Inif, HAWE ali

Co- 1.10

anffininntanfOiiviintiiva MNa

pH 6.9 7.49

Temperature °c 28 26.9

MoistureContent % 3.8 4.14

TotalOrganicCarbon mg/gmofsoil | 54.6 78.2

TPH mg/kgofsoil 0 128000

Nitrogen mg/gmofsoil | 2.62 6.28

Phosphorous mg/gmofsoil | 0.24 0.64

MicrobialCount CFU/gmofsoil 47)(105 19)(106
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Table2:Physico-chemicalandbiologicalcharacteristicsofsimulatedsoilafter7weeksoftreatment(Stagel)

Bioreactors

M1 M2 M3 M4 M5 M6 M7 MC
Parameters
pH 7.15 7.21 7.24 7.42 7.41 7.47 7.28 7.44
Temperature(OC) 24.5 25.1 24.5 24.5 25.3 25.1 245 25.1
TOC(mg/gm) 37.55 36.18 34.06 32.55 34.43 39.82 38.20 39.90
TPH(mg/kg) 91050 | 67991 | 53012 | 37620 | 42216 | 61110 | 83001 | 102923
Nitrogen(mg/gm) 3.50 3.42 3.28 2.90 3.13 3.65 3.76 3.40
Phosphorus(mg/gm) 0.35 0.35 0.31 0.27 0.29 0.35 0.34 0.35
MicrobialCount(CFU/ | 17.4 26.1 46.4 48.2 43 30.1 17.1 15
gm)><106

*Concentrationsdepictedaretheaveragevaluesobtainedbyconsideringallfourreplicatesofeachbioreactor.

Table3:Physico-chemicalandbiologicalcharacteristicsofsimulatedsoilafter23weeksoftreatment(Stagell)

Bioreactors

M1 M2 M3 M4 M5 M6 M7 MC
Parameters
pH 7.42 7.20 7.34 7.40 7.28 7.40 7.47 7.12
Temperature(OC) 28.6 28.6 28.6 28.6 28.6 28.6 28.6 28.7
TOC(mg/gm) 18.33 | 1599 | 1543 |13.23 |14.02 |17.11 |17.80 |22.01
TPH(mg/kg) 84203 | 60268 | 44869 | 27883 | 32864 | 53120 | 75500 | 99206
Nitrogen(mg/gm) 1.61 1.50 1.38 1.13 1.28 1.53 1.81 2.77
Phosphorus(mg/gm) 0.12 0.11 0.10 0.08 0.09 0.10 0.12 0.20
MicrobialCount(CFU/ | 7.2 14.2 21.3 29.2 204 13 8.2 7
gm)xlO6

*Concentrationsdepictedaretheaveragevaluesobtainedbyconsideringallfourreplicatesofeachbioreactor.

3.2 Analysis of Data and Interpretation

3.2.1  pH:TheinitialpHofthesimulatedcontaminatedsoilforallthebioreactorswas7.49.ThepHvaluesfluctuatedinav
erysmallrangeinallbioreactors. ThefinalpHofallthebioreactorswaswithinthepHrangeof6.5t08.0whichisconsideredas
optimumvalueforoildegradation.[16,17].

3.2.2  Temperature:Thetemperaturerangedfrom20.7°Ct028.9°Cinallbioreactorsduringthestudy. Thetemperature
variationsdidnotfollowadefinitepatternwithtime.However,thetemperaturefellwithintheoptimumrangerequiredforef
fectivebioremediationprocess[16,18]. Thisfacilitatedoptimalgrowthofmicrobialpopulationswhichinturnwasrespons
ibleforbiodegradationofpetroleumproducts.

3.2.3  MoistureContent:Themoisturecontentwerevariedlike30%,40%,50%,60%,70%,80%and90%offieldcapaci
ty(incrementsof10%)forthebioreactorsM1,M2,M3,M4,M5,M6andM7respectivelyandweremaintainedassuchthrou
ghoutthestudy. Themoisturecontentofthecontrolreactor(MC)wasnotmaintainedthroughoutthestudyperiod,i.e.allothe
rparametersotherthanmoisturecontentwasmonitoredforthecontrolrectorduringthestudyperiod.

3.24  TotalOrganicCarbon: TOCinthesimulatedcontaminatedsoilwasinitially78.2mg/gmofsoilandwasfinallyred
ucedto13.23mg/gmofsoilinbioreactorM4(60%MoistureContent)owingtoamaximumcarbonutilizationof83.08%byt
hemicroorganisms.Maximumcarbonutilizationwasobservedinthebioreactor(M4),whichalsohadamaximumbacterial

countof91.5x106CFU/gmofsoiI.

3.25  NutrientConcentration:C:N:Pratioof100:10:1isconsideredoptimalforbioremediation[18]. Thenutrientswhe
nintheoptimalrangeallowmicrobestocreatenecessaryenzymestobreakdownthecontaminants.Hence,bioreactorswere
supplementedwithUreaasasourceofNitrogenandSuperPhosphateasthesourceofPhosphorustobringthenutrientconce
ntrationstotherequiredlevels.

3.2.6  Microbial Activity: Microorganisms play a major role in bioremediation and their absolute numbers can
determine the overall degradative ability [19]. The results of bacterial counts showed that the profiles of all the
bioreactors followed a typical microbial growth pattern. The microbialcounts varied from 19 x 106 to 91.5 x 106
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CFU/gm of sail in the third week and decreased to 48.2 x 106 CFU/gm of soil in the seventh week and further
down to 29.2 X 106 CFU/gm of soil at the end 0f23 week
sinbioreactorM4(60%MoistureContent). Thus,increaseinbacterialcounts had a profound influence on therate of
TPHreduction.

3.2.7  TotalPetroleumHydrocarbons:Theconcentrationsof TPHinallthebioreactorstakenforthestudyhadadecreasi
ngtrendwithincreasingbioremediationtimewhichistypicalofanydegradationprocess. Thepercentageof TPHreductionr
angedbetweenaminimumof22.49%inbioreactorMCtoamaximumof78.21%inthebioreactorM4during23weeksoftrea
tment.Sinceallotherenvironmentalconditionswerekeptsameinallthebioreactors,themoisturecontentof60%offieldcap
acityinreactorM4seemsadvantageousfortheindigenousmicroorganismstogrowandtherebycausemaximumdegradati
onof TPH.Table4andFigurelshowpercentagereductionof TPHinthebioreactors.

Table4: TPHReductionintheBioreactors

InitialTPH | FinalTPH(mMg/Kg) Reduction(%o)
Bioreactors | (mg/Kg) IStage(7Weeks) | 11Stage(23Weeks) | 1Stage | 11Stage | Total
M1=30% 128000 91050 84203 28.86 5.36 34.21
M2=40% 128000 67991 60268 46.88 6.03 52.91
M3=50% 128000 53012 44869 58.58 6.36 64.94
M4=60% 128000 37620 27883 70.60 7.61 78.21
M5=70% 128000 42216 32864 67.01 7.31 74.32
M6=80% 128000 61110 53120 52.25 6.25 58.50
M7=90% 128000 83001 75500 35.15 6.86 41.01
MC=Control | 128000 105923 99206 17.24 5.25 22.49

i

3.3KineticsofBiodegradation
KineticanalysisperformedontheTPHdegradationrevealedadegradationpatterncharacterized
bytwoconsecutivefirstorderreactions(biphasicprocess)inmostoftheexperimentalsettings. Thedegradationprocesswa
scharacterizedbyaperiodoffastdecrease(Stagel)inthehydrocarbonconcentrationsduringthefirstsevenweeksfollowed
byaperiodofsloweractivity(Stage2)inthesubsequentweeksoftreatment.

After sevenweeks oftreatmentthe TPHconcentrationsweredegraded down 1091050,
67991,53012, 37620,42216,61110 and83001mg/kgofsoilwhichresultedin28.86,46.88,58.58,
70.60,67.01,52.25and35.15percentTPHreductioninbioreactorsM1toM7respectively(Table4).Aftertheinitialrapidde
gradationphase,thebiodegradationrateslowlydecreasedinthelatterweeksoftreatment. Thefinalconcentrationsof TPHi
nthesimulatedcontaminatedsoilattheendoftreatmentperiod,i.e.twentythreeweeksoftreatmentwere84203,60268,448
69,27883,32864,53120and75500mg/kgofsoilwhichresultedin34.21,52.91,64.94,78.21,74.32,58.50and41.01perce
ntTPHreductioninbioreactorsM1toM7respectively(Table4).

The initialfast degradationphaseismediatedby bacterialutilizationof bioavailable
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compoundsandisgovernedbyenzymekinetics. ltwasalsobenefitedbyadequatenutrientspresentintheinitialweeks.Inco
ntrast,slowphasemaybegovernedbytherateofpetroleumdissolutionfromsoilparticles.

3.4DegradationRateConstant(k)

Thebiodegradationofhydrocarbonsincontaminatedsoilisassumedtofollowthefirstorderdegradation,assucht
hefirstorderdegradationrateforvariousenvironmentalconditionsarecalculatedasfollowsusingfirstorderdegradationki
neticequation. ThedegradationrateconstantsobtainedforthebioreactorsaretabulatedintheTable5.

Table5:DegradationrateconstantsforthebioreactorsM1toM7

Bioreactors Degradation rateconstant(k)d'1
IStage(k1) I1Stage(k2)

M1=30%MuoistureContent 0.0069 0.00070
M2=40%MoistureContent 0.0129 0.00108
M3=50%MoistureContent 0.0180 0.00149
M4=60%MoistureContent 0.0250 0.00267
M5=70%MoistureContent 0.0226 0.00223
M6=80%MoistureContent 0.0151 0.00125
M7=90%MuoistureContent 0.0088 0.00084

Theresultsclearlyreflecttwodistinctphasesofbiodegradation. Thek1constantswereresponsibleforthefirststag
eoffastdegradationandk2wasresponsibleforsecondstagedegradation. Itisthusconcludedthattheextentofresidualconce
ntrationinthesoilwasdeterminedbythebiodegradationefficiencyduringthefirststageoftreatmentwhenthebiologicalpr
ocessesdominated.Duringthefollowingperiod,abioticprocessesleadingtoreducedbioavailabilityofTPHwerelimitingt
hebiodegradationrate.

IV.  CONCLUSIONS

Moisturecontentofthepetroleumcontaminatedsoilhadprofoundinfluenceonbioremediation,sincebioremedi
ationefficiencyvarieswithdifferentmoisturecontent. Thestudyrevealedthatpercentagereductionof TPHconcentrationi
nbioreactorshaving30%,40%and50%moisturecontentwas34.21%,52.91%and64.94%respectively.Maximumdegra
dationof78.21%wasobservedfor60%moisturecontent. Thereafterthepercentagereductionof
TPHgraduallydecreasedfor70%,80%and90%moisturecontentas74.32%,58.50%and58.50%respectively. Thecontro
IbioreactorM CshowedaTPHreductionof22.49%. Thereforeitisconcludedthattheoptimalconditionsforbetterdegradat
ionof TPHismoisturecontentof60%fieldcapacityundertheC:N:Pratioof100:10:1.

Twaodistinctphasesofbiodegradationwereobservedduringthelongtermtreatmentofthe TPHcontaminatedsoil
.Thereby,thereweretwodegradationrateconstants(k1andk2)obtainedforthestudyperiodof23weeks. Thek1constantsw
ereresponsibleforthefirststageoffastdegradationandk2wasresponsibleforsecondstagedegradation. Thedegradationra
teconstantsoftherapidphase(k1)rangedfrom0.0069t00.0250,whereas, fortheslowdegradationphasethedegradationrat
e(k2)rangedfrom0.00070t00.00267forbioreactorsM1toM7. Itisthusconcludedthattheextentofresidualconcentrationi
nthesoilwasdeterminedbythebiodegradationefficiencyduringthefirststage(sevenweeks)oftreatmentwhenthebiologi
calprocessesdominated.Duringthesecondstage,abioticprocessesleadingtoreducedbioavailabilityof TPHwerelimitin
gthebiodegradationrate. Therefore,asthefirstfewweeksoftreatmentdetermineitsefficiency,effortstoenhancethebiolog
icalactivityshouldbedirectedtothatperiod.
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