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ABSTRACT

In the present work we have studied degradatiotiexfel oil in oil-polluted soil. Oil-polluted sodulturing showed
presence of variety of microorganisms. Hydrocarbegrading potential of these microbes was confiraued was
identified. Acinetobacter sp, Bacillus sp., Microcbsp., Pseudomonas sp. Streptomyces sp., andAspgrgillus
sp, Trichoderma sp, Penicillin sp.were found pafrthgdrocarbon degrading microbial consortium. Arsdy of
extracted diesel oil was done using FTIR, HPLC,NMR and GCMS techniques. It confirmed biodegradatid
diesel oil confirming naphthalene and it's deriva&s as major pollutants which are able to dissafverater. This
further confirmed by hydrocarbon dominated watdii¢a

K eywor ds-Biodegradation, Diesel oil, Microbial consortiu@CMS, naphthalene.

INTRODUCTION

The adventof modern industrialization and development in tporgation, the use of petroleum based energy
products has been increased [Gary and Handwefkl]2fhd leads to water and soil pollution [Kambteal.,
2011]. The pollution may occur due to spillage ftorough storage tank, accident during transgimnaby truck,
ship or oil pipelines [Castro-Gutierrez et al., 2D1Anthropogenic activities have been extensivedieasing
petroleum based pollutants in environment whicld$esoil, water and air pollution [Castro-Gutieregzal., 2012].
The last century was of machines. The maximum nmashiequires petroleum hydrocarbon as a soureeerby.
This resulted in tremendous increase in abepetroleum hydrocarbon in automobile indystr Petrol and
diesel are one of the most used petroldwdrocarbons for energy sources  giving rise inevitable
spillage during routine operations .

Diesel fuel is principle end product of ga## obtained during fractional distillation gbetroleum as the
portion boiling off between 96 and 38BC . [Atlas, 1981]. Diesel oil is a medium distt# of petroleum
containing: n- alkanes, branched alkanes, olefirissmall concentrations of aromatic polycyclic compds [Baker
and Herson, 1999]. However the biological methasl ieen practiced to abatement of oil pollution.rBmediation
processes have been found to be an efficient mdtdrag@mediation of petroleum by-products, pestsi@nd other
potential harmful chemical [Castro-Gutierrez et 2012)]. Bioremediation is being used or proposed &eatment
option at many hydro-Carbon-contaminated sitesdBogk et al., 1997]. Bioremediation processes igrfcantly
affected by the inherent capabilities of the micgamisms, their ability to overcome the bioavaiipiimitations
in multiphase environmental scenarios [oil-watef}sand environmental factors such as temperafuirg,nutrients
and electron acceptor availability [Mukherji andiayi, 2002]. Environmental Microorganisms with thailidy to
degrade crude oil are ubiquitously distributed @l and marine environments, [Venkateswaran andajana,
1995]. Diesel oil spills on agricultural land gealy reduce plant growth and reasons for the rediysdent growth
in diesel oil contaminated soils range from ditesic effect on plants [Baker, 1982] and reducedrgeation [Udo
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and Fayemi, 1975] Microorganisms have enzyme systerdegrade and utilize diesel oil as a sourasadion and
energy [ljah and Antai, 1988; Ezeji et al., 2005it# and Mgbomo,

1993]. Biostimulation is considered as a most appropriateediation technique for diesel removal in soitl an
requires the evaluation of both intrinsic degramfaticapacities of the autochthonous microflora ahd t
environmental parameters involved in the kineticthe in situ process [Molina-Barahona et al., 2004

This study was designed to isolate, characterizb identify diesel oil-degrading micro-organisms.eBgl oil
degradation by the isolates was further monitocedetermine their potentials as bioremediation tggen

In this present work the characterizationtbé microbial fauna from the contaminatedliments and its
bioremediation potential of diesel contaminaged have studied. Occasional spillage contamainsoil above
ground and percolate in soil. Surface sprepdind infiltration of diesel result into adgtion of diesel on
soil particles . When the water flows thrbugriver basin , the sediment contaminatéth diesel is being
carried with water flow and become a potnform aquatic life. When soil surface dera is good and
temperature moisture conditions are appropriedée of microbial degradation increases.

MATERIALSAND METHODS

21SAMPLING, COLLECTION AND PHYSICOCHEMICALPROPERTIESOF SOIL SAMPLES

Pravara river bed around Sangamner city, westedialwas selected as soil sampling area. Samplese w
collected in sterile conical flasks , and wénemediately transported by icebox and broughHaboratory. All
collected soils were air dried, homogenized, sie@e?l mm mesh size and stored %E 4rior to experiment.

2.2 ISOLATION OF MICROORGANISMS
For selection of potential diesel degradingrmmdrganisms , the ability to degrade hydrocarbubstrate was
analyzed [Mariano et al., 2008].

Enumeration of fungal and bacterial populatas done by plating 0.1 ml of seriallyutéld soil sample
on potato dextrose agar [pH —acidic] contanirstreptomycin [ 1 mg/ mL] and nutrient agarThe
identification of actinomycetes was done on stacelsein agar. Ashbey’s mannitol agar was uded
determination of nitrogen fixing microorganisnsungi and actinomycetes were incubated3@€ , bacteria
and nitrogen fixing bacteria were incubated 38C . The incubation period was 48 h , 96 H20 h and
168 h respectively for bacteria, fungi , asthycetes and nitrogen fixers respectively.

2.3 CONFIRMATORY TEST FOR HYDROCARBON DEGRADING MICROORGANISMSAND THEIR
IDENTIFICATION

For confirmation of hydrocarbon degrading apiliof microorganisms Hanson method was u&eth
isolated microorganism was inoculated in BH broBach well of microtitre plate was filleditiv 250 ul of
BH medium containing Dichlorophenol indophendBCPIP], 10 ul of diesel oil and 25 ulf ®ach
microbial suspension [ ¥@FU/ mL]. The color change from blue [oxieil] to colorless indicate the ability
of microorganism to utilize hydrocarbon subtdr .

Bacterial colonies were identified based ¢w taxonomic schemes of Cowan and Steelsgdfuisolates
were classified based on hyphal mass , eatdrfruiting bodies , morphology of cellsdaspores .

2.4BIOMASS AND PH MEASUREMENT

Three sets of conical flask were taken. Each seaguing 5 flasks [500 mL]. In one set 100 nBBH broth , 10
ml diesel and 5 ml inoculum were added amother set 100 ml nutrient broth , 10 disel and 5 ml
inoculum were added . A third set is maintaiaedh control containing BH broth, 10 ml diesel withinoculums.
Fourth set was maintained as nutrient broth comiataining nutrient broth, 10 ml diesel withoubdulums. From
each set, after 3 days interval, sample was celieand analyzed for p H and temperature. Biomadsp&l was
measured after every 3 rd day as a dry weight.bimmass measurement 25 ml fraction of sample weesdd

through a microbial membrane [0.45 um] and drieernight.

25EXTRACTION OF OIL FROM SOIL SAMPLE

10 gm of soil sample was mixed with 20 wfl carbon tetrachloride .The solution wasacpd in a
separating flask was shaken vigorously formth and allowed to settle for overnightthe liquid was
separated and the moisture was removedltbyirfig through whatman no 1 paper alreamhated with
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anhydrous sodium sulphate. The liquid phases wollected in 50 ml conical flask and usfed further
analysis of diesel degradation .

2.6 ANALYSISOF DIESEL DEGRADATION

Degraded diesel was analyzed by Fourier transfoifraried spectroscopy [FTIR]. The FTIR study speautwas
taken [Shimadzu IR solution] in the mid IR regioh4®0—4000 crif with 16-scan speed. The UV visible spectra
[Elico BL 198 Bio spectrophotometer] were takerttie range of 190 to 900 nm. The HPLC analysis d¢feated
and treated diesel was carried out [by using col@ahBum250 mm 4.6 mm, solvent methanol: water 4&65
ambient temperature. For HPLC analysis pure diwssl considered as control and extracted oil wasidered as
sample. Pure and contaminated oil were dissolvaddthanol: water [45:55] solvent system at 25 Cpematures.
For separation C 18 column with 5um x 250 mm x #mé was used with 2.5 ul of injection volume.
Chromatographic and mass spectrometric analyses penformed by GC-MS [Shimadzu™, Model QP2010A]
using a DB-5 chromatographic column.. The tempegatvas programmed to vary linearly from 40°C to Z7@at
the rate of 10°C and maintained for 22 min. Infttvolume was 1ul. Helium was the carrier gas &ednterface
temperature was 280°C. Injection of samples andrabimto a GC-MS system was carried out in tripte. The
highest resolution chromatographic peaks were szhim find their corresponding mass fragmentatiod aere
characterized based on similarities between thassnspectrum and those presented by NISIT library.

RESULTSAND DISCUSSION

3.1SOIL SAMPLE PROPERTIES

Collected soil samples were analyzed for physiodl éhemical properties of soil. The particle sias measured
in polluted soil and the clay was found 0.24 %,0s4R.83 % and slit 86.42 %. The soil nature wag.sil he water
holding capacity was 10.5%. The pH of diesel peliusoil was 6.74 while of unpolluted soil [contrpl of same
area was 7.54. Soil conductivity was noted 1.m&/cm.

3.2IDENTIFICATION OF MICROORGANISM S

The bacteria were analysed and enlisted in taldedlfungal analysis was shown in table 2. Studyimtpavith
screening of the microorganism resulted in isotatod bacteria and fungi capable of degrading diedlel The
sample collection from diesel impregnated soil ¢adies the natural adaptation of these microorgamniersurvive in
the presence of diesel oil. The culture was abldegrade diesel oil at a wide range of tempera80rd0°C and at
acidic pH optimum at neutral pH.

Table 1.Bacterial identification

Character Bacterial Bacterial Bacterial Bacterial Bacterial
isolatel isolate 2 isolate 3 isolate 4 isolate 5

Gram stain| - + + - +

Shape Cocco bacillary rod cocci rod rod

Spore Nonspore formin Spore forming  Non spore fiogm Nonspore forming  Spore forming

Motility Nonmotile motile Nonmotile motile motile

Catalase + + + + +

Oxidase - - + + +

Citrate + + - + _

Indole _ _ _ _

Glucose - + + _ +

Lactose - + _ +

Organism | Acinetobacter Bacillus sp. Micrococci RE®UOONAas sp. Streptomyces sp

Table 2.Fungal identification

Character Fungal isolatel Fungal isolate 2 Fursgddie 3

Microscopy Conidiophores with branche¢s  Hyaline bhad conidiospore Branched conidiosphores withlipleis
Colony morphology| Yellow-green colony Wooly greesiany Cottony Blue green colony
Organism Aspergillus niger Trichoderma Penicillin

3.3BIOMASSAND pH MEASUREMENT

Significant increase in biomass was observed whie showed variation from acidic to basic range. 3diay
microbial culture became alkaline. As the incubatione increased culture showed acidic charactesisind further
tend to become alkaline as incubation proceed Vdrigtion in pH did not show significant effect biomass as the
maximum biomass was achieved al' tiay of incubation.
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Fig. 1. Indicating change in biomass and pH
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The systematic change in biomass and pH was sho¥ig.il.

3.4 ANALYSISOF DIESEL DEGRADATION

FTIR analysis of diesel degradation

For IR spectroscopy pure diesel sample was usetbiaisol . Control showed characteristic bands #1383,
3410.26, 2931.61 to 2673.43 , 2281.87, 1753.3506 1, 1456.30, 1373.36, 1292.35, 1184.33, 875.740.84
indicating presence of phenol or amines alkanesdroxylic acids or esters or aromatic rings.

Extracted oil was analyzed by FTIR showed fingerppattern at 3422.98, 2922.25, 2828.60, 2727.845236,
1042.68, 1610.68, and 1375.29.

Absence of characteristic peak in the region of0l#12042 in extracted sample indicates absenestef linkage.

3.5HPLC ANALYSISOF DIESEL DEGRADATION
HPLC analysis showed presence of 36 peaks irraodiesel sample while 35 peaks were observediraeted

sample. Many components in sample showed shiftt@ntion time and peak area indicating changesaiecular
weight and quantity of respective components pteserontrol [figure 2 and 3].

Figure 2 Control resultsfrom HPLC analysis.
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3.6 GC - MSanalysis of diesel degradation
The identified components present in pure dieseipda by GC MS was shown in Fig. 4 . GC MS analysis
extracted sample was shown in Fig. 5. The extdastanple showed presence of naphthalene and iisatiezs

which were completely absent in pure diesel sanmiple significant decrease in peak area of compsnesmts
observed in extracted sample
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Figure 3 Biodegraded diesel sample resultsfrom HPL C analysis
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CONCLUSION

Diesel oil polluted Soil from river bed was analgtZer presence of hydrocarbon pollutants. Reshudtved change
in physical as well as chemical properties of stlicrobial analysis of soil indicate presence atteria, fungi and
nitrogen fixers .FTIR analysis of extracted oiloged absence of ester compared to pure diesel MS&halysis
confirmed presence of naphthalene and its deri@atas hydrocarbon pollutant. The diesel pollutaad degraded
by the existing microbial fauna of the soil and theultant pollutant able to dissolve in river wakesulting in the
hydrocarbon dominated water table pollution.
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