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ABSTRACT

The present study was to evaluate the recovery of anthracene, a
polyaromatic hydrocarbon from contaminated soil using chemical surfac-
tant and rhamnolipid biosurfactant produced by Pseudomonasfluorescens.
Comparative study of biosurfactants to chemical surfactant was carried
out. The observation indicates that biosurfactants produced by the bacte-
rial strain wasfound to be more effective than chemical surfactants. Polycy-
clic aromatic hydrocarbon (PAH) contamination of the environment repre-
sents a serious threat to the health of humans and ecosystems.
Bioremediation has shown promise as a potentially effective and low-cost
treatment option, but concerns about the slow process rate and
bioavailability limitations have hampered more widespread use of thistech-
nology. An option to enhance the bioavailability of PAHsisto add surfac-
tantsdirectly to soil in situ or ex situin bioreactors. Surfactantsincreasethe
apparent solubility and desorption rate of the PAH to the aqueous phase.
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INTRODUCTION

Biosurfactantsor microbial surfactantsaresurface-
activeagents. They areamphiphilic compoundsthat con-
sst of ahydrophilic head and ahydrophobictail. They
areproduced on living surfaces, mostly microbia cell
surfacesor excreted extracellular. Most of the appli-
cationstoday involvetheuseof chemically synthesized
surfactants. Production of surfactantsin the United
Statesand worldwideisestimated at 3.4 -109 kg and
7.109kgin 2007, respectively. The US surfactant in-
dustry shipmentswere$3.65 billionin 2007.

Therearemany advantages of biosurfacantsif com-
paredtothear chemicdly synthesized counterparts. Their
biodegradability, generdly low toxicity, biocompetibility
and digestibility aretheir significances. Biosurfactants
can be produced from cheap raw materias, which are
availableinlargequantities, thecarbon sourcemay come
from hydrocarbons, carbohydratesand/or lipids, which
may be used separately or in combination with each
other. Depending upon application, biosurfactantscan
also be produced from industrial wastes and by-prod-
uctsandthisisof particular interest for bulk production
(e.g. for use in petroleum-related technologies).
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Biosurfactantscan beefficiently usedinhandling indus-
trid emulsions, control of oil spills, biodegradation and
detoxificationof indudtrid effluentsandinbioremediation
of contaminated soil. Biosurfactants, being complex
organic moleculeswith specific functiona groups, are
often specificinther action™.

Anthracenegrestly affectsthewholeecologica sys-
tem. It has got both acute and chronic effectson the
ecosystem. Acute ecological effectsincludethedeath
of animals, birds, fishes and death or low growthin
plants. It stuntstheroot and shootsgrowthin plants.
Acuteeffectsare seen after 2-4 daysafter theanimals
or plantsareexposed to anthracene. Theseposeahigh
threat to aguatic animasand birds?.

Microorganisms utilize avariety of organic com-
pounds as the source of carbon and energy for their
growth. When the carbon sourceisan insol uble sub-
dratelikeahydrocarbon, microorganismfecilitatestheir
diffusioninto thecellsby producing avariety of sub-
stancesthe Biosurfactants®. Considering these views
the present study was designed to eval uate the recov-
ery of anthracenefrom contaminated soil.

MATERIALSAND METHOD

Usingasterile spatulaoil spilled soil was collected
in asterileglass container from apetrol bunk inand
around Ottapaam, kerda. The Pseudomonasfluores-
cencewasisolated from the oil-spilled soil collected
from petrol bunk. Thedifferent coloniesobservedin
serid dilutionwere streaked on separate Nutrient agar
slants, and Pseudomonas sel ective media platesand
incubated at 37°C for 24 hours. After incubation, plates
were observed for the growth and the colony morphol -
ogy wasstudied. Both morphol ogica and biochemical
characterizationswerecarried out.

Production of biosurfactant

For the production of biosurfactant, Pseudomo-
nas fluorescence isolated from oil-spilled soil was
grownon Mineral sat agar medium containing diesel
oil (78% akanes, 6.4%aromatics, 15.4% of resin, and
asphaltenes) asthe sole carbon source!.
Extraction of biosurfacant

Theorganismwasinocul ated and incubated at 30°C
for 24 hours. The culture was centrifuged at 10,000
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rpm for 15 minutes and the supernatant was extracted
threetimeswith hexane. The bottom layer wasagain
centrifuged at 10,000 rpmfor 15 minutesand the pell et
wasobtained. Thepeletswerevacuum dried and stored
at 70°C. It was then freeze dried in a lyophiliser to ob-
tain biosurfactant in powder form for further usg®.

Preparationsof different concentrationsof surfac-
tants

Crude surfactants (biosurfactant and SDS) were
weighed and dissolved in sterile water. The percentage
recovery of anthracenewas cal culated by

Final OD - Initial OD
Final OD

x 100

Test for emulsifying activity

Theemulsfication activity of thebiosurfactant pro-
duced by Pseudomonas fluorescens was estimated
every 24 hours®. The protein and carbohydrate con-
tent were estimated following themethod of Bradford
and Duboig™ respectively.

Estimation of critical micdleconcentration (CMC)

CMC wasestimated to find out the particular con-
centrations at which the surface tension remains con-
stant asthe concentration above CMC are proved to
betoxicfor bacteria. The determination of surfactant
concentration in an unknown sample was performed
by diluting thesampleto severd foldsand measuringin
asurfacetensometre.

Detection of antimicrobial activity

Theantimicrobia activity was determined by the
disc diffusion method®. A suspension of thetest micro-
organismwas spread ontheMueller HintonAgar. Fil-
ter paper discsof 6mm diameter which contained 10ul
of the biosurfactant were placed on the inoculated
plates. Thepetri disheswere subsequently incubated at
37°Cfor 24 hours. After incubation thegrowth inhibi-
tion ringswere quantified by measuring the diameter of
thezoneof inhibitioninmm (including the diameter of
the disc) from thelower surface of the petri dishes®
and the control consisted of paper disc soaked with
appropriate solvent and evaporated to dryness. All the
assayswere carried out intriplicates.

Detection of rhamnalipid
A new semi-quantitative agar platetest for thede-

e Snoivonmental Science

Hn Tndéan g%wumé



528

Curremnt Research Poper =

tection of extracellular rhamnolipid has been devel-
oped. Thetest isspecificfor anionic biosurfactantsand
can be applied to other glycolipid-producing microor-
ganismg™?,

RESULTSAND DISCUSSION

The organismswere observed asshort curved rods
on Nutrient agar and king’s medium. Pseudomonas
growth occurred on king’s media. Gram staining indi-
cated that the organismisolated from oil spill soil ap-
peared as pink coloured rods, whichindicated that they
aregram negative (TABLE1).

TABLE 1: Biochemical test

Simmon’s

Biochemical Methyl  Voges - Nitrate
Indole citrate Catalase )

t red proskauer utilization reduction
Pseudomonas ;o _yq Ve +Ve +Ve +Ve

fluorescens

Surfactant production by Pseudomonasfluorescens

Theamount of surfactant produced by Pseudomo-
nasfluorescens cultured in mineral salt agar medium
with diesel oil assubstratewas 0.3 mg/L at 24 hours
and it increased to 3.8 g/L at 120 hours. The above
result showed that biosurfactant production by
Pfluorescensisinduced by hydrophobic substrates such
asdiesd oil. Smilar observationswerereported for cell-
associated biosurfactants produced by psychrotroph
Rhodococcus sp. strain 215 during growth on n-al-
kanes™ and rhamnolipid produced by P. Aeruginosa
G11 onglycerol®. Lin™ aso reported that chemically
induced Bacilluslicheniformismutant KGL 11 pro-
duced lipopeptide biosurfactantsup to aconcentration
of 391 mg/L, whichistwelvetimes morethan thepar-
ent strainwith asurfacetension of 26.5 dyn/cm.

Recovery of anthracene

Thesurfactantsat two concentrationsnamely 1) at
CMC and 2) above CM C wereused. Therecovery of
anthracenein the presence of crudebiosurfactantswas
81.8% - 94.7 % and in the presence of chemical sur-
factant it was 69.2 — 79.3 % (Graph 1). The above-
mentioned resultsshowed that biosurfactant wasmore
effective in the recovery process. Noordman and
Janssen™ reported that rhamnolipid biosurfactant pro-
duced by P. aeruginosa strain enhanced fast uptake of
aliphatic hydrocarbon at therate of 73% with 0.2 mg
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Graph 1: Recovery of anthraceneusing biosurfactant

Emulsifying activity wasfound estimated by grow-
ing cultureonminera st brothwith hexaneandit was
found to possesshigh emulsification property.

Detection of antimicrobial activity and detection
of rhamnalipid

The zone of clearance was observed around the
filter paper disc spotted with biosurfactant on Mudller
Hinton agar plates swabbed with Bacillusculture. This
shows that the biosurfactant possess (0.9cm) anti-
bacterial activity (Figure 1). Biosurfacantswere ob-
served by the formation of dark blue hal os around
thecolonies (Figure 2).

B Chemicalsurfactant

1- Rhamnolipid (biosurfactants)
2- SDS (Chemical surfactants)

Figurel: Antimicrobial activity of surfactants
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Figure2: Detection of Rhamnolipid - Presenceof BlueHalos

Compar ative study of biosurfactant and chemical
surfactant

The percentagerecovery of anthracenefromsoil in
the presence of biosurfactant was 81%to 94%. While
recovery inthe presenceof chemical surfactant (SDS)
was 69% to 79%. The biosurfactant wasfound to be
moreefficient inanthracenerecovery from contaminated
soil when compared to chemical surfactant. The
biosurfactant had a carbohydrate content of 6.12%,
lipid content of 60% and protein content of 0.2. Clear
bandswere obtained by PAGE. The presences of pro-
tein bandswerevisualy detected.

Variousstudieswere carried out to estimate there-
covery of PAH compoundsfrom contaminated soil, snce
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it hasgot many sdeeffectson human, animasand plants.
It causes mutationsin humans and animalswhereas
stuntstheroot and shoot growth of plants.
Pseudomonas fluorescence has the ability to pro-
duce biosurfactants as its secondary metabolites.
Rhamnolipids produced by thisstrain wasproved to be
more efficient than any other biosurfactant. These
biosurfactant havebetter surfaceacting property and mini-
mal s deeffectswhen compared to chemicd surfactants.
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