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ABSTRACT

The efficiency of two bacterial candidates namely; Pseudomonas
aeruginosa strain-O2 and Micrococcus varians strain-X, in degradation
of crude oil extracted from contaminated sediment sampleswas eval uated.
GC-analysis of the degradation products indicated that both strains were
ableto use crude oil as carbon and energy source. Aliphatic hydrocarbon
fraction of the sediment extract, especially long chain alkanes (n-C,,+),
was degraded. For aromatic hydrocarbon fraction, namely methyl
naphthalene compound, both strainswere ableto degrade 2,3,6- and 1,2,5-
trimethyl naphthal enesto acomparable extent. Only P. aeruginosa strain-
O2wasableto utilize 1,3,7- trimethyl naphthalene, while M. varians strain-
X was able to use 1,2,4- trimethyl naphthalene as a sole C-source.
Application of different strategies in bioremediation of sea sand
contaminated with 10% crude oil indicated that the bicaugmentation with
mixed culture of both strains was the optimal treatment strategy
(approximately 93.45%). While, treatment applying either one of the two
strains indicated that M. varians strain-X is more efficient in crude oil
degradation. Comparable to that of natural conditions, biostimulation
resulted in limited crude oil removal (approximately 36.42%). Results
collectively indicated that the bacterial strains used in this study were
suitable candidatesfor practical field application and in situ bioremediation,
namely by bioaugmentation. © 2013 Trade SciencelInc. - INDIA
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Asaresult of twentieth-century industriaization,
many harmful substances havebeen dischargedintoter-
restrial and aguetic environments. Themost widdy dis-
tributed environmenta pollution can bedtributedtothe
spill of crudeoil and variousoil residues*?. Within-
creasing public attention regarding the preservation of

theenvironment, thedevel opment of oil clean-up tech-
nologies has gained considerableinterest. In recent
years, a number of cost-effective techniques for
remediation of oil-contaminated soil have been pro-
posed®4, Although physica methodsof il remova may
cause more damageto soil than spilled oil itself, bio-
logical methods, such as bioremediation, may bemore
effectiveinremoving oil without undue damagetothe
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environment.

Generaly, degradation of crudeoil by mixed mi-
crobia populationsistheultimatefateof oil spillsin
nature>®. Therefore, microbial clean-up can be ad-
vantageous, when compared to other remediation tech-
niques®*Y, Recently, bioremediation hasprovedto be
auseful tool inremoving oil™3 and growinginterestin
the use of several Pseudomonads and membersof ge-
nus Micrococcusin degradation of crudeoil havebeen
reported418,

Variety of bioremediation techniqueshave been de-
vel oped to support and increase the degradation ac-
tivitiesof nativemicrobia populations (naturd atenua-
tion), thusallow for reduction in time and subsequent
savein costs. Two main gpproaches are mostly com-
monly used in bioremediation technology namely; (a)
environmental biostimulationinvolving the addition of
mainly oxygen and/or minerd nutrients (usualy combi-
nation of nitrogen, phosphorus and trace metal s) and
(b) bioaugmentation through the direct application of
sel ected degrader microorganismsto the sitel**2, In
order to accelerate the natural biodegradation of af-
fected Sites, thedensity of hydrocarbon utilizerscan be
increased”. Bioemulsifierswasadded to oil polluted
soil for enhancement of il avail ability®.

The main objective of thisstudy wasto focuson
theuse of two potent crude oil degrading bacteria can-
didatesfor bioremediation of crude oil extracted from
polluted seasediment, obtained from thewestern har-
bor of Alexandria, Egypt. Special emphasiswasgiven
to the chemical anaysesof itsaiphatic and aromatic
hydrocarbon fractions. Application of different
bioremediation strategies of seasand soil spiked with
10% (w/w) of crude oil namely; biostimulation,
bi caugmentation in comparisonto natural and weath-
ering conditionswas also conducted.

MATERIALS& METHODS

Wet sedimentswere collected from western har-
bor of Alexandria, Egypt as grab samples and were
transported to thelaboratory in coolerswithice. Upon
receipt inthelaboratory, sediments (wet) weresieved
through a2.0-mm sieve to remove debris. Samples
were stored in glass jars at -20°C in deep Freezer.
Crude oil was extracted from the sediment polluted
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sampleby ultrasonic extraction in dichloromethanefor
severa times. Typically 5 g of sediment samplewas
driedinovenat 40°C overnight. The sample was trans-
ferred toan ultrasonic deviceand extracted severd times
by 40 ml dichloromethane HPLC gradeeach time; the
solvent was subsequently moved to arotary evapora-
tor operating at 39°C to concentrate the extracted oil
to2mL volume.

Wet sea sand was collected from Eastern harbor
of Alexandria, Egypt, asgrab samplesand transported
to thelaboratory under cold conditions. Upon recei pt
in the laboratory, sediments were dried and sieved
througha2.0-mm sieveto removedebris.

The two bacterial candidates used in this study,
Pseudomonas aer uginosa strain-O2 and Micrococ-
cusvariansstrain-X wereisolated and identified as
previoudly described?. Bacterid strainsweregrown
onminima saltsmedium (MSM), it wasthemodified
medium of 1jah?¥ with thefollowing composition, (gL
'): yeast extract, 0.5; NaCl, 0.5; (NH,),S0,, 2,
MgSO,.7H,0O, 0.2; K .HPO,, 5; KH,PO,, 2 and trace
elements(withthefollowing compostion, (g1*): FeSO,,
5; H,BO-,, 0.025; CuSO,.5H,0, 0.005; K, 0.005;
CoSO,, 0.3; MnSO,4H.0, 3; ZnSO,.7H,0, 5;
NaMoO,, 0.012, and distilled water up to 1 liter), 0.1
mL.

Theamount of individual hydrocarbons of the oil
sampleswas quantified by gas chromatography (GC)-
FID-measurements. Thesediment oil (0.5 uL) was in-
jectedinto the GC (6890 Series, Agilent technology,
USA), equipped withaprogrammabletemperatureva
porizationinlet (PTV, Agilent Technology, USA) witha
septumless head, working in split/splitlessmode. The
injector washeld at asplitratio 1:50 and aninitia tem-
peratureof 40°C. With injection, the injector was heated
to 300°C at a programmed rate of 700°C min* and
held at thistemperaturefor therest of theanalysistime.
Heliumwas set at aflow rate of 2 ml min. Petroleum
componentswereseparatedonaHPUltral fusedsilica
capillary column (50mx 0.32 mm i.d. x 0.52 um film
thickness, Agilent Technology, USA). Thetemperature
of theGC ovenwasinitidly held at arate of 40°C for 2
min, followed by a3°C min™* rampto 140°C, then at a
rate of 5°C min-1t0 300 °C and held there for a further
25 min®,

For simulation edxperiments, 200 g of seasand
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placedinagerileplastic cal (20cm* 20cm* 7cm) were
spiked with 10% crudeoil to simulate crude oil con-
taminationinasandy area. Thecompostion of theseved
sand was gravel (2%), sand (88%), and silt and clay
(10%). Thewater holding capacity and theinitial water
content of the sand were 18.5% and 0.8% respectively,
but thewater content was adj usted to 60% of thewa-
ter holding capacity, for thetreatability study. Thetreet-
mentseva uated were; (8) Biostimulation by addition of
nutrient saltsNitrogen 0.2% (w/w), Potassium 0.5%
(w/w) and Phosphorus 0.2% (w/w); (b) Bioaugmen-
tation by specialized strain (either Pseudomonas
aeruginosa strain-O2., Micrococcus varians strain-
X.) or mixed culture of both candidates. Microorgan-
ismsweregrown in nutrient broth mediumfor 24 hours
prior toinoculation and 1.5% preculturewas used as
inoculum and aseptically added to thetreatment cell s,
(c) Cdl exposedto natura conditions; (d) Control cell
contained sterilized seasand spiked with crudeoil, to
determinethe abiotic losses occur during the experi-
ment. All prescribed trestments (TABLE 1) wereincu-
bated at 30°C and were conducted in triplicates and a
mean valuewastaken.

—————— FyLL PAPER

Coldextractionwasused for theextraction of crude
oil from seasand samplesafter 3 and 6 weeksfor each
of thetreatment options. Sand samplesweredried at
the ambient temperature (ca. 25-30°C) to constant
weight. Fifty gramsof the sand placed inlabeled, ster-
ilized and chemicaly cleaned flasks. 100 mL of toluene
was added to sand material, shaken and theresidual
crude oil was extracted using aseparator funnel. The
extraction procedure wasrepeated severa timesand
each extract wasfiltered through cotton wool. Theex-
tractswere pool ed together for further processing!?.

Crude oil degradation was measured colorimetri-
cally and themethod described by Udeme and Antai?
was adopted. A standard curve of absorbance versus
known concentrations of the spilled oil wasdrawn.
Toluene (Aldrich chemicals) was used asthe solvent
for the crude oil and absorbance was read using a
Corning colorimeter (moddl 253) set at 520 nmwave-
length. Thehydrocarbon concentration at week 3 and
week 6 and theresidual hydrocarbon concentrations
invarioustreatment conditionswere cal culated from
the standard curve after multiplying by the appropri-
atedilution factor!?,

TABLE 1: Detailed description of different bioremediation strategiesconducted.

Treatment Nature of Treatment

Description of treatment

A Bicaugmentation by Pseudomonas sp.  200g sea sand+90ml M SM+5ml crude 0il+5% (v/v) inoculum.

Biostimulation
Natura conditions

mmGOQO®

Control

Bioaugmentation by Micrococcus sp.  200g sea sand+90ml MSM+5ml crude oil+5% inoculum.

Bioaugmentation by mixed cultures. 200g sea sand+90ml MSM+5ml crude oil+5% inoculum.

200g sea sand+90ml MSM+5ml crude ail+ 0.6g Peptone +1.5g K,HPO,+0.6g KH,PO,.
200g sea sand+90ml MSM+5ml crude ail.

200g sterilized sea sand+90ml MSM+5ml crude ail.

RESULTS& DISCUSSION

Inatrail to evaluate the efficiency of two oil-de-
grading bacterial isolates namely; Pseudomonas
aeruginosa strain-O2 and Micrococcusvariansstrain-
X, indegradation of crude oil extracted from polluted
sediment samples, each bacteria strainwascultivated
in MSM supplemented with extracted oil asasolec-
source. Chromatogramsillugtrated in Figure 1(Ieft), in-
dicated that thebacterial strainswereableto usecrude
oil as carbon and energy source and were ableto de-
grade diphatic hydrocarbon fraction of the sediment
extract to agreat extent, especially long chain dkanes

(n-C,,+). Ontheother hand, chromatogramsillustrat-
ing the composition of the sediment extract aromatic
hydrocarbon fraction of the control, Pseudomonas
aeruginosa strain-O2 and Micrococcusvariansstrain-
X samplesareshown in Figure 1(right). Owingtothe
complexity of thechromatograms, concentrationswere
determined only for methyl naphthalene compound
group (ion 170). The biodegradation potential of the
two strains may be lower than that found in crude ail
when comparing the concentrations of detected com-
pounds. While, other compounds may be biodegraded
but their peaks couldn’t be resolved. Concerning the
compounds of interest, both strainswere ableto de-
grade2,3,6- and 1,2,5- timethyl naphthaenestoacom-
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parable extent, thismay depend onthe position of sub-
stitution on the compound. The capability of various
Pseudomonads and members of Micrococcus sp. to
degrade naphtha enesand other aromatic hydrocarbons
was reported by several working groups*®%-31, How-
ever, both candidates |ack the potential capability of
degrading 1,3,6-, 1,4,6+1,3,5-, 1,2,7+1,6,7+1,2,6-
timethyl ngphtha enes, theresultsthat could beexplained
by the dependence of therate of biodegradation onthe
positionsof akyl subgtitution, that wasfoundto bevery
much reduced withincreas ng number of methyl subti-
tution®2=1, Onthe other hand, thisconclusion may con-

(A) Control Aliphatics
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flict with that found by Fischer et al.** whom suggested
that polymethyl naphthal eneswith a1,6-dimethyl sub-
stitution pattern are more susceptible to biodegrada-
tionthanthoseisomersthat lack thisfeature. Interest-
ingly, Pseudomonas aeruginosa strain-O2 was able
to degrade 1,3,7- trimethyl naphthalenewhile, Micro-
coccus varians strain-X was able to degrade 1,2,4-
Trimethyl naphthalene. Thisled to suggestion that Mi-
crococcusvariansstrain-X may have suitableenzyme
system capabl e of metabolizing naphtha ene and other
aromatic compounds contai ning adj acent methyl sub-
titutionl*>2%30,
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Figurel: GCprofilesof sediment extract (aliphaticand aromaticfractions) after 4daysincubation at 30°C: (A,D) uninoculated
controls, (B,E) Pseudomonas aeruginosa strain-O2. (C,F) Micrococcusvariansstrain-X. Peak identifications: (1) 1,3,7-
trimethylnaphthalene; (2) 1,3,6-trimethylnaphthaleneg; (3) 1,4,6+1,3,5-trimethylnaphthalene; (4) 2,3,6-trimethylnaphthalene;

(5) 1,2,7+1,6,7+1,2,6-rimethylnaphthalene; (6) 1,2,4-trimethylnaphthalene; (7) 1,2,5-trimethylnaphthalene.

Owing to thedegradation potential of thetwo bac-
teria strains, their usein bioremediation of seasand
contaminated with 10% crude oil applying different
strategi eswas conducted according to plan described

inTABLE 1. At theend of 3 and 6 weeksof incubation
in each treatment option, the concentration of crudeoil
remai ned was determined and the per cent was cal cu-
lated. Results shown in Figure 2 indicated that
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Figure 2 : Concentration of crude oil remaining in each
treatment cell (g/50g sea sand) after 3 and 6 weeks of
incubation during different bioremediation strategies. A)
Bioaugmentation by Pseudomonassp.; B) Bioaugmentation
by Micrococcus p.; C) Bioaugmentation by mixed cultures,
D) Biogtimulation; E) Natural conditions; F) Control.

bi caugmentation with mixed cultureof both strainswas
the optima treatment strategy recording gpproximeately
93.45% reduction in crude oil in comparison to the
control conditions due to degradation after 6 weeks
incubation period. Moreover, it showed 1.59- and 1.29-
fold increasein crudeoil degradation ascompared to
theamountsresulted from bicaugmentation experiments
using either Pseudomonas aer uginosa strain-O2 or
Micrococcusvariansstrain-X, respectively. Thesere-
sults are in concordance with that reported by other
authorg?28, Also, treatment strategy applying either
one of the two strains indicated that Micrococcus
variansstran-X ismoreefficient in crudeoil reduction
than Pseudomonas aeruginosa strain-O2. Interest-
ingly, moreefficient degradation wasrecorded by the
use of mixed culture; support the possibility that both
gtrainshaveacomplementary rolein biodegradation of
crudeoil asreportedini?3, Ontheother hand, oil spills
result in animbalancein the carbornnitrogen ratio at
thespill Site, because crudeoil isessentially amixture
of carbon and hydrogen. This causesanitrogen defi-
ciency inan oil-soaked soil, which retardsthe growth
of bacteriaand the utilization of carbon source(s). In
addition, certain nutrients like phosphorus may be
growth-rate limiting. Therefore, addition of nutrients
during biostimulation may provide suitable solutionto
nutrient limitations problems. In thiswork, treatment
strategy resulted inlimited crudeoil removal (approxi.
36.42 %); thismay be dueto limited number of indig-

enous microbial community in sandy soil. For control
sample, therewasalittlereductionin oil concentration
after 6 weeks; thismay be dueto evaporationor disin-
tegration of oil inthesand cells.

CONCLUSION

Our study indicated that strains of Pseudomonas
aeruginosa strain-0O2 and Micrococcusvariansstrain-
X, isolated from oil polluted sediment, are capable of
degrading crudeoil extracted from soil sediment andto
useit asasourceof carbon and energy. Specific com-
pound loss, dueto bacteria degradation, was observed
for both the saturated aiphatic hydrocarbon fraction
and aromatic fraction. Therefore, it may be suggested
that the bacteriaused in this study are suitable candi-
datesfor practical field approachesfor effectiveinsitu
bioremediation of polluted Sitesby awiderangeof hy-
drocarbon pollutants. Biocaugmentation of polluted Sites
with microbes adapted to biodegradation of oil hydro-
carbonscould bean outstanding Strategy for remediation
of thosedites, sinceinadmost dl cases; theindigenous
bacterial ack the enzymatic capabilitiesfor breakdown
of oil heavy and toxic components. Biostimulation by
addition of limiting nutrientswas proved to bean effec-
tivetool inbioremediation of polluted Stesinmany pre-
viousstudies, eventhough, it wasn’t proved to be ef-
fectiveinthisstudy. Thetransfer of |aboratory experi-
mentsto large scalepilot studiesisexpected to bethe
next step inthisstudy to providean efficient strategy
for bioremediation of crudeoil inthefield of environ-
mental biotechnology.
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