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ABSTRACT

Polyaromatic hydrocarbon compounds are hazardous and found to be highly
mutagenic and carcinogenic. Biodegradation is an eminent technique for
reducing thetoxic nature of polyaromatic hydrocarbonin petroleum amended
soil by sustainable manner. Pseudomonas sp., having biodegradation prop-
erty wasisolated by sel ective mediaand characterized by variousbiochemical
test. Pseudomonas aeruginosa and Pseudomonas fluorescence were iso-
lated from the petroleum contaminated areaand Pseudomonas stutzeri 2643
obtained from the M TCC whichisused for the biodegration of PAH. These
three cultures were screened for potential PAH degrading bacteria. The
poly aromatic hydrocarbon degradation by Pseudomonas aeruginosa,
Pseudomonas fluorescence and Pseudomonas stutzeri 2643 obtained were
compared with the amount of PAH present in the control (Soil and Petrol)
and was estimated by HPLC, which was found to be 55.6% (500p1 petrol).
The result indicates that the PAH quantity in Pseudomonas aeruginosa
treated sample was found to be 23.40% (500l petrol), in Pseudomonas
flourescenstreated samplethe PAH Quantity wasfound to be 12.28% (500u.1
petrol) and in Pseudomonas Stutzeri 2643 treated sample which reveaed
13.91% (500p1 petrol). From this study it indicates that Pseudomonas sp.,
reduces the PAH pollutants from the environment
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INTRODUCTION

“The Quality of human life depends upon the qual-
ity of environment”, the environment are compact of
variousnaturd resources, and the soil isvery important
natural resource. The soil iseconomically important
useful eements(mineralsmetds, rock andfossil fuels)
for human beingsarebasicdly derived fromthelithos-

phere. Now thesoil are highly polluted because of the
urbanization. Microbiology approachesisthe best way
for managing the environment®®. il Sludge/Crude il

contamination isamajor environmental concernsince
many of the constituent hydrocarbons aretoxic. Be-
sidesthisincidenceof crudeail spill isincreasing de-
spitethebest effort of petro-chemicd industry!™. Large
— scale production, transports, use and disposal of
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petroleum have madeit aleading contaminant in the
environment(™, In recent yearsthe petroleum exploita-
tion and production activitieshaveincreased which re-
sultsinincreased discharge of petroleum hydrocarbon
into our environment. Petroleumisacomplex mixture
of solid, liquid and gaseous hydrocarbons. The poly
aromatic hydrocarbons are classes of compounds con-
ssting of fused aromatic ringsinvariousstructura con-
figurationg'?. Poly aromatic hydrocarbon can be
formed asproducts of theincomplete pyrolysisof or-
ganic materia sand present in considerablequantifica
tioninfossl fues(2-3%) and arereleased in the envi-
ronmentd directly. Theseorganic chemicaswill beable
to enter the soil and cause serious pollution problems.
The hydrocarbons are highly hydrophobic material,
which arecommonly found environmenta contaminants.
Though they are not usually classified as hazardous,
thesewastes can be hardly degraded or decomposed.
In recent yearsthe petroleum exploitation and produc-
tion activitieshaveincreased which resultsinincreased
dischargeof petroleum hydrocarbon into our environ-
ment. The devel opment of transports, large-scaepro-
duction of petrochemical based industrieshaveledto
the pollution of the aguatic and terrestrial ecosystem
withoil spills. Henceoil spillsispotentidly adangerous
and amajor environmental concern and highlightsthe
need for cost effectiveand environmental ly acceptable
mitigation technol ogies®. Petroleum hydrocarbonsare
commonly found in the environmental contaminants,
though they are not usually classified asahazardous
wastes. Many petroleum products areused in modern
society, including thosethat arefundamenta to our lives
(i.e. transportation fudl s, heating and power generating
fuels). Thevolumeof crudeail or petroleum products
that isused today dwarfsall other chemicals of envi-
ronmenta and health concern.

Thousandsof different speciesof bacteriaexist ev-
erywherein our world, and most of them carry bacte-
rial digestionin someway. However someof themare
found only in aspecific environment, require specia-
ized typesof food or have uniqueniches. Considering
thisfact it would not be inappropriateto postul ate that
rather than pushing bacterial speciesto the verge of
extinction, chemical contamination of soil actualy may
be contributing to asubstantia increasein bacterid di-
versity. Themicrobia worldisknownto possesanin-
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crediblemetabolicand physologica verstility that heps
microorganismsto in habitat hostile ecological niches.
Bacteriahighly survivein contaminated niches, because
they may be metabolicaly ableto exploitit’s resources.
Contaminantsaways, potentia energy sourcesfor bac-
teria Theactua available concentration of most pollut-
antsan environment ismostly innM to pM.

Biodegradation isthe transformation processin
which microorganism are organic matter astheir food
and source of energy. Thusthe organic compoundis
metabolized andisultimately convertedinto CO,, and
biomass. Thusit hasbeen proved that microbid degra-
dation of poly aromatic hydrocarbon isthus predomi-
nant tool for natural clean-up of petroleum contami-
nated sites(Ahmed et d ., 2006).

In order to evaluate the distribution of speciesdi-
versity among the hydrocarbon degradation isolation
andidentification of thevarious strainsrecovered from
petroleum spilled soil werecarried out. Identification of
47 isolatesreved ed that al isol ates bel onged to genus
Pseudomonas, which can be the predominant micro
floraamong the poly aromatic hydrocarbon degrading
community, which is supported by other studies.
Pseudomonas genusasapotentia candidatethat isre-
covered fromoil polluted area. Whichareclearly indi-
catesthat the crude—oil-degrading population has com-
posed of severa bacterial speciesbut Pseudomonasis
found to bethe predominant microflora Biodegrada-
tion may refer to complete minerdization of theorganic
contaminantsto carbon dioxide, water, inorganic and
cell protein, or to transformation of organic contami-
nantsto other organic compounds mediated by Micro
organismsthat sati Sy energy requirements, detoxify the
immediateenvironment, or occur fortuitoudy such that
the organism receives no nutritiona or energy benefit
(Stoner, 1994). Over the past two decades there has
been increasing interest in the bioremediation of envi-
ronmenta pollutantsthrough mani pulation and gpplica
tion of degradative Microorganisms. (Atlas, 1981;
Leahy and Colwell, 1990). Microbia degradation of
oil has been shown to occur by attack on the aliphatic
or light aromaticfractionsof theail.

Microbia degradationisthemaor mechanismfor
theeliminating of spilled oil fromthe environment(4.,
Besides, severa generaof microorganismshave been
found to be acute biodegradation of crudeail, but the
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bacteria Pseudomonas stand out as most’®. The poly
aromatic hydrocarbonisdegraded by many species of
bacteria, fungi and yeast. In bacteriaisolated and iden-
tify of various highly degradative strainsrecovered &--
ther from petrol spillage soil are carried by High Per-
formanceLiquid Chromatogragphy (HPLC). Which play
akeyroleinany preferential degradation of compounds
occurring with the complex mixture. Thepresent study

2 $dnpstanjac-micro-kuberansamples

Figurel: Soil +500 pl petrol (Control)

= DADNPEANJAC Miicro-Kuberan-tampied

Figure3: Soil + 500 pl petrol + Pseudomonosfluorescens

MATERIALSAND METHODS

Collection of soil samples

The soil Samplesused in the present study were
collected inapolythene bag from petroleum contami-
nant Steof srivilliputtur, Tamil Nadu. Sampleswerecol-
lected with sca pel after removing 20 cm of the surface
layer of the soil. Collected soil sampleswere stored
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isdesigned in such away that, to determine the de-
grading ability of the bacteriacollected fromtheoil con-
taminated site. The sel ected bacteriawhich exhibited
higher degradation wastested over the contaminated
site. Besides, acomparative study of degradation of
three bacterial symbionts like Pseudomonas
aeruginosa, Pseudomonas fluorescens and
Pseudomonas Sutzeri 2643 were performed.

Figure2: Soil + 500 pl petrol + Pseudomonos aeruginosa

D:\DNPSWANJAC-Micro-Kuberan Sample-0

Figure4: Soil + 500 pl petrol + Pseudomonos stutzeri 2643
(MTCC)

aerobicaly at 4°C.
Enrichment culturetechnique

1 gm of soil samplewasadded into different con-
centrations of petroleum as 200, 400, 600, 800,
1000ppm and these mixturewasincubated for 15 days,
after fifteen days, 1 g of mixturewasenriched with 100ml
of Bushnd |l HaasBroth (BHB), kept onarotatory shaker
approximately at 250 rpm. Bacterid growthwasmoni-
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tored after 24 to 48 hrsby serid dilution technique.
Serial dilution

1 ml of culturewastaken from the different con-
centration (200,400, 600,800,1000) of enriched soil
mixtureand mixed with 100ml of seriledistilled weter.
Thenthesampleswereseriadly diluted from (10 to 10
9). Spread platetechniquewasfollowed, were 0.1 ml
of sample was spreaded on the Nutrient agar plates
using dterileglassrod andincubated a 37°C. After over-
night incubation, theisolated col onieswhich showed
distinct morphological variationwas sl ected, brought
to purecultureand stored in dantsfor further use.

Mor phological and biochemical characterization

Colony characterigtics, colour, motility, gram stain-
ing, fermentation of sugars, biochemical test were per-
formed for identification of potentia isolatesof bacte-
ria. Cultural characteristicsof the colony such asmar-
gin, size, shape, type of colony, nature of colony (Mu-
coid, Rough, Smooth) transparently etc., were studied.

Differential media for confirmation of bacterial
isolates

Acetamideagar

Acetamidecentrimideglycerol mannitol isasdlec-
tive medium for the growth of Pseudomonas
aeruginosa. The positiveresult indicates deamidate
acetamideturnthemedium purplishred.

| solation of Pseudomonas sp.

| solation of fluorescents and non-fluor escent
Pseudomonas sp.

Isolated single colony was streaked on certimide
agar, whichisasdectivemediafor isolation of flores-
cent Pseudomonas sp. A positive test indicates the
growth of coloniesintheplate.

Production of pyoveridin

Isolated single colony was streaked on King’s B
media, which isaselective mediafor pyoveridin pro-
duction. A positive test indicatesthe production of yel-
low green col oured pigment with fluorescenson UV
tranglluminator.

Extraction of poly aromatic hydrocar bon from pe-
troleum spilled soil

10mg of petroleum spilled soil wasadded with 20
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ml of hexanein separating funna and vortexed. (an or-
ganic solvent which dissolves hydrocarbon present in
the soil sample) top layer of these extractswere used
for quantification of PAH degradation analyss.

Biodegradation of PAH by isolated Pseudomonas
spinbroth (BHB)

Ina100ml of conical flask, 25ml of BHB wasadded
with 2ml of extract and 1 ml of microbid inoculum. The
control flask was kept without microbia inoculumfor
comparison with treated sample. The culturewasal-
lowed togrow for 7 daysand then it was centrifuged at
ahigh speed for ten minutes. Theresulting supernatant
wasdiscarded and find re-suspensonwasmadein 25ml
of BHB toyield atenfold concentration of cells.
Extraction of PAH from broth

Extractionwascarried out usingliquid-liquid extrac-
tion procedure. 25ml of BHB which was added with
2ml of extract and 1 ml of microbial inoculum poured
into the separating funnel and solvent hexanewasadded
to dissolvethehydrocarbon present intheliquid system.
Twodigtinct layerswerefound which make separation
easer. Sampleswere separated, dried and dissolvedin
methanol thenfiltered and used for PAH analysis.

Quantification of PAH by high performanceliquid
chromatogr aphy

Chromatographic analysis was performed on a
SHIMADZU LCAT Vp coupledwithaSPD-10A Vp,
ultraviolet (UV) visibledetector, the absorbance of the
UV at 254nm. Thesilicon C18 columnwasused. The
flow rateof carrier for HPLC-UV wasmaintained at
0.8 ml/minute. Thesampleswasinjected by using 20ul
micro syringe.

RESULTS

Hydrocarbon degrading bacteriawereisolated
from petro chemically polluted soil collected fromin
and around Srivilliputtur. Thesurface soil wasremoved
and subsurface soil at adepth of 20 cmwas collected
and stored in 4°C for further use. Physical parameters
of oil spilled and normal Soil (control) was analysed
and theresult wasnoted on TABLE 1. The analysed
soil sampleswereenriched and serially diluted by us-
ing seria dilution technique. The coloniesgrownon

ey Snoivonmental Science

Hn Tndéan g%wumé



84 Degradation and quantification of polyaromatic hydrocarbon by Pseudomonas sp.

Current Research Poper

higher petroleum concentration (1000ppm) was se-
lected for further studies. Theisolated petroleum de-
grading bacteriawereidentified based on morpho-
logical (TABLE 2) their biochemica characterization
(TABLE 3) and carbohydrate fermentation test
(TABLE 3A). Themorphologicaly distinct organisms
wasfurther identified by using different selectiveme-
dia like King’s B (Pseudomonas fluorescence),
Certimide (Pseudomonas sp), Acetamide
(Pseudomonas aeruginosa), Maleate Agar
(Pseudomonas fluorescence) was observed
(TABLE 4). The isolates (Pseudomonas fluores-
cence) and (Pseudomonas aeruginosa) were used
for degradative studieswhich wasnamed as Biomass
| and Biomass Il. The poly aromatic hydrocarbon
degradation by Pseudomonas aeruginosa,
Pseudomonas flourescens and Pseudomonas
stutzeri 2643 obtained were compared with the
amount of PAH present inthecontrol (Soil and Petrol)
and was estimated by HPL C, which wasfound to be
55.6% (500ul petrol). The result indicates that the
PAH guantity in Pseudomonas aer uginosa treated
sample was found to be 23.40% (500u1 petrol), in
Pseudomonas flourescenstreated sample the PAH
Quantity wasfound to be 12.28% (500ul petrol) and
in Pseudomonas Sutzeri 2643 treated samplewhich
revealed 13.91% (500ul petrol). From this study it
indicates that Pseudomonas sp., which reduce the
PAH pollutantsfrom the environment.

TABLE 1: Physical parametersof oil spilled and normal soil
(Control)

Parameter Control Oil spilled
pH 8.0 6.8
Moisture content 0.896gms 0.346gms
E.C 0.42 1.30

TABLE 2: Morphological & physiological characters

Appearance Biomonas- | Biomonas- 11

Macroscopic appearance  Abundant, thin, Large upaque

white growth,  irregular, iridescent

with medium patches, flurescent
turning green  coloured colony
Microscopic appearance  Gram Negative Gram Negative
Gram staining Rod Rod
Shape Motile Motile
Motility
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TABLE 3: Identification of theisolatesby varioushbiochemi-
cal test

Biochemical test Biomonas| Biomonas| |
Citrate utilization test + +
Indole production test - -
Methyl red test
VP test - -
Oxidase test + +
Catalase test + +
Triple sugar iron test + +
Nitrate reduction test + +
g;ltatmhqwﬂcanon + +
Starch Hydrolysis test - -
Growth at 41°C + +
Pseudomonas  Pseudomonas
aeruginosa fluorescens

TABLE 3A: Carbohydratefer mentation test

Carbohydrate Biomonasl| Biomonasl |
Lactose - -
Xylose + +
Maltose - -
Fructose - -
Dextrose

Galactose

Ruffinosa - -
Trihalose - -
Melinbiose -

Sucrose - -
L-arabinose - +
Mannose + +
Insulin - -
Sodium glveanate - -
Glycerol - +
Sdicin - -
Gllucasamine + -
Dulcitol - -
Inositol - -
Sorbitol - -
Mannitol - -
Actonitol - -
Methyl — D- glucoside - -
Ribose - +
Rhamnose - -
Cellobiose - -
Melezitose - -
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Carbohydrate Biomonasl| Biomonas |
M ethyl-D-mannoside -

Xylitol -

Onpg -

Esuculin -

D-arabinose -

Citrate

Malonate

Sorbose -
Pseudomonas  Pseudomonas
aeruginosa fluorescens
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DISCUSSION

Oil /petrol /crudeoil contaminationisamajor en-
vironmental concern. since many of the constituents
PAH toxic. Many petroleum products are used in
modern society including those that are fundamental
to our lives (transportation fuels, power generating
fuels). Toluene, non polar aromatic compound cause
pollution in ground water sedimentsand surfacewa-
ter (Chang et al.,1997). Among the various types of
microorganisms used in biodegradation process,

TABLE 4: |solation of soil pseudomonassp. by selective/ differential media.

Selective/ Cultural characteristic Positive Organism
differential media Selective Differential Selective Differential
King’s B medium Yellow green Defined growth P. aeruginosa Non fluorescent

Pigment but no yellow green P. fluorescens Pseudomonas
Production pigment production P. putida
Certimide Agar Growth of defined colonies Both fluorescent and
non flurescent Pseudomonas
Acetamide Agar Production of purple Defined growth P. aeruginosa Non fluorescent
red colour pigment but no pigment production Pseudomonas
Maleate Agar Defined growth No growth P. fluorescens

Pseudomonas sp., in specific Pseudomonas
aeruginosa, Pseudomonas fluorescence and
Pseudomonas stutzeri 2643 play avital rolein deg-
radation of petroleum hydrocarbons hence the present
investigation, by using Pseudomonas sp., to degrade
the petroleum hydrocarbon toluene. Theresult sug-
gest that degradation of petroleum hydrocarbon
treated with Pseudomonas Aeruginosa, revealed
23.40% when compare with control (soil and petrol)
which was found to be 55.60%. among the
Pseudomonas sp., Pseudomonas fluorescence ex-
hibit 12.28%. which showed remarkable increased
in degradation. Further thisresult emphasized the
ability of best microorganismto utilize PAH (toluene
as sole source of carbon and energy). The microbial
utilization may be highly dependent on the chemical
nature of phenolic compound such astoluene. Re-
cent studies have been extended to make one of the
Pseudomonas aeruginosa, Pseudomonas fluores-
cence and Pseudomonas stutzeri 2643 to degrade
the aromatic hydrocarbon that might have been im-
mobilized and applied to the fields to enhance the
degradation efficiency (Battmann and Rehm,1984).

In accordance to the above send finding'®, reported
that the microorganism break down (toluene) and use
the energy to cellular components. An refined crude
oil accountsfor majority of oil spillswherein gulf
war made 1991 the worst year for catastrophic oil
rel eased ' Pseudomonas sp., isrecognized has one
of the most important ecofriendly microorganismsin
theworld. Therecent may be dueto the wide appli-
cation of variousstrains of Pseudomonassp., inbio-
degradation of hydrocarbonsand oil pollutantsinthe
environment. Further it has been proved by compar-
ing the chromatograms of HPL C takenfor control and
experiments. Theincreasein peak height in different
concentration proved that the metabolic enzyme have
been synthes zed and hence the concentration of PAH
(toluene) wasreduced in the medium by microorgan-
isms. Thusthe present work an HPLC analysis sug-
gest that the bi odegradati on efficiency of microorgan-
ismsmay bevaried from speciesto speciesand even
it may bediffer strains of the same species, therefore
inthefield gpplication of soil samplemight be screened
arechemical natureof contaminantsusng HPLC,GC-
M S and | R-Spectroscopy.
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CONCLUSION

The present investigation demonstratesthe feasi-
bility of adopting sustai nableand ecofriendly gpproach
to minimizethehydrocarbon pol lutants.
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