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ABSTRACT

Polycyclic aromatic hydrocarbons (PAHSs) are of the group of aromatic compounds having
interlocking rings. They enter to environment due to incomplete combustion of fossil fuels.
Having the toxic and carcinogen characteristic, PAHs are of the factors which threaten the
environment. some of the bacteria with particular mechanism are able to degrade these
compounds. The goal of this study is to evaluate the biological modification of naphthalene
using native bacteria isolated from oil contaminated soils in Iran and to assess their growth
kinetic. Several naphthalene-degrading bacteria were isolated from oil-contaminated soil in a
crude oil extraction and desalination center in Omidieh, Ahvaz, Iran. Bacterial strains which
had better growth on the enriched medium were isolated and identified by biochemical and
mor phological tests. The findings of this study show that most of the isolated bacteria were found
to belong to Saphylococcus sp, Corynebacterium sp, Pseudomonas sp, Bacillus sp, and
Micrococcus sp. These species were significantly able to degrade naphthalene. The efficiency of
naphthalene as the only source of carbon and energy was evaluated by High performance liquid
chromatography (HPLC) analysis. HPLC analysis showed that the Bacillus sp and Pseudomonas
sp, 86% and 80%,Corynebacterium sp and Staphylococcus sp, 77% and 69% and Micrococcus
sp, 58% degrade the naphthalene after one week incubation respectively.
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INTRODUCTION

Organic compounds are generally divided into tlgeips: Aliphatic, Salicylic, and Aromatics.
The main structural unit in aromatic compounds enzene (gHg). Polycyclic aromatic
hydrocarbons (PAHs) are the most important envirmad pollutants. PAHs are a large group
of organic compounds that have two or more aron@atates fused with each other in linear,
angular, and branching. Polycyclic aromatic hydrboas are degraded when exposed to the UV
rays of the sun. In addition, PAHs can react witbre in the atmosphere, which consequently
produces some compounds such as nitrogen oxidés; dioxide, nitro- and dinitro-PAHSs, and
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sulfonic acids [1] . Moreover, due to their hydrophobic characteristjgslycyclic aromatic
hydrocarbons are less soluble in water; theretoged compounds settle in the residues of rivers,
lakes, and oceans. However, they are soluble mapatar organic solvents. Thus, the existence
of these pollutants in aquatic environments is wewic and dangerous for humans and other
creatures, They are also harmful for useful miagaarsms of plants in contaminated soils [2] .
since, the oil compounds are very resistant to @najon, due to having aromatics derivatives in
their structures, they can remain in the environnfen a long time; however, the microbial
population in contaminated sites results in andase in the degradation rate of these stable
compounds [3] . Recently, many physical-chemical biological methods have been used to
clean up the contaminated sites. But these methoelsnot economic, or they lead to the
formation of other toxic compounds in the envirommd& herefore, a bioremediation method is
considered as an economical and safe approachdaervironment [4] . Bioremediation is the
use of microorganisms to remove environmental c¢oimation. This method is used for harmful
toxic substances and also for oil contaminatiomrulg. Bacteria convert the pollutant organic
compounds into less harmful compounds by aerobid anaerobic respiratory reactions,
fermentation, cometabolism, and dehalogenatiomguiem as the only source of carbon and
energy [5]. there are several studies on Biorentiedgiaf hydrocarbon conducted by llyina et al
(2003) , by Survery et al (2004) , by Mittal e{2009) [5, 2, 6] .

Studies have also detected that PAHs are the mygmirtant environmental carcinogen factors,
impairing the structure of DNA and consequentlydiag to mutation. The studies show that
short term exposure to naphthalene causes eyekamdnfiammation [5]. Moreover, studies
showed that native microorganisms in oil-compourm#aminatedreas are more effective than
other organisms for biodegradation of oil pollugantn addition, biodegradation rates in
contaminated areas depend on factors includingofi@r populations, pollutant compounds
type, contamination values and type, and chemimdlgeological conditions in the contaminated
area [4]. The goal of this study is to evaluate hiw@egradation rate of naphthalene by native
isolated bacteria, and also to assess the growdti&iof these bacteria.

MATERIALSAND METHODS

Sampling

This experimental and laboratory study was condlote one of the most important Iranian oil
areas, the Maroon Il oil field, which is a center £xtraction and desalination of crude oll,
located in Khuzestan province. The soil samplesewenducted from 0 to 10 cm depth of three
different sites which were contaminated with crudle. Samples were collected in sterilized
plastic dishes put into flasks containing ice, aady to the laboratory in less than 24 hours. The
experiment was initiated on the soil in the labonaf{3].

Bacterial Counts

The bacteria were counted by the Total Viable P@Gaant method. In this method the dilution
from 10* to 10 was prepared from soil samples by physiologicaurse then cultured in
nutrient agar medium (produced by Merck Co., Gegjacontaining 0.4 g/L naphthalene and
nutrient agar medium without naphthalene by surfsleée method. The cultured plates, then
incubated at 30 °C for 48 h. After incubation, thember of colonies was counted in cultures
with and without naphthalene [8].
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I solation and Identification of naphthalene-degrading bacteria

To isolate the bacteria from the soil samples, Bfgsamples was mixed with 90 ml of
naphthalene broth culture (0.4 g/L), and put in&haker incubator at 30 °C for one week. After
one week, 1 ml of this culture was inoculated t6Caml new culture, and put into a shaker
incubator with aeration at 30 °C for one week. Tassage process was done until the
environment became completely turbid. This turlyigitobably results from bacterial growth,
not because of the turbidity of residues mixed wtdium. The samples were further cultured
on the naphthalene agar medium. Bacteria werei@digd colonies were prepared (1). Then, to
identify the naphthalene-degrading bacteria, tHentes weremorphologically evaluated. Tests
which were conducted on the colonies including gstaining, morphological characteristics
study, oxidase and catalase reaction, along witaratiagnostic tes{gMVIC) [3].

Potent strains selection method

In this portion of the study, after isolation ofcberial strains, the basal mineral medium with
desired substrate and concentration were usedré@rs¢he best and the most potent strains.
Those bacteria that had begun to grow in the mimnadi time and also had the most turbidity
were chosen as the sufficient bacterial strains [9]

Growth assessment of isolated bacteriain different concentrations of naphthalene

In order to determine the bacteria growth curveliiferent concentrations of naphthalene, 20
mL of naphthalene broth medium (with different cemrations of naphthalene) were poured
into separate Erlenmeyer flasks. Then, a bactsuapension was prepared based on the 0.5
McFarland standard and 5mL was added to the medtau. Erlenmeyers were used for each
bacterial suspension. In each Erlenmeyer flaskd@7 g/L concentrations of naphthalene were
added. In addition, one Erlenmeyer was used agaldior each bacterial suspension. In the
control medium, there was only basal medium with@ghthalene and a certain strain. Then, all
of the Erlenmeyers were incubated at 30 °C. Finalsorption measurement in 600 nm was
daily accomplished by spectrophotometer. This ptace carried on for 7 weeks after incubation

[9].

HPLC analysis

High performance liquid chromatography (HPLC) wasedi to evaluate the naphthalene
degradation by degrader bacteria. Naphthalene datpa experiments were conducted in the
Erlenmeyer flasks containing 100 ml basal mineradimm and naphthalene in a final
concentration of 0.4 g/L soluble in acetone wasddd the medium. Bacterial strains in 5 ml of
the nutrient broth were incubated in 30 °C for 24hlen 1 ml of bacterial suspension was added
to the medium and placed into the shaker incubat80 °C for one week. After incubation, to
obtain cell mass, the mediums were centrifugedo@0Gpm for 15 min and the bacterial cell
mass was collected. This process was done in desteqas and then they were successively
washed 3 times with sterile liquid basal mineradmam. In the next step, 2mL of hexane was
added to 5mL of mineral medium and was shakendweerl times in the glass tubes with caps.
Finally, 1ml of upper phase (hexane) was shifteth®sterile tubes and was used for (HPLC)
analyses [10].

The (HPLC) system used in this study was a Waté E (USA) model equipped with a
degasifier in-line system with helium gas, a sixtpajection valve Rheodyne (7125i, USA)
model with 10 ml loop, a multi-wavelength fluoresce detector (2475, Waters, USA), and an
analytical column Novapakgfrom Waters company ( 60 A , 150 x 3.9 mm 1.D,4)pmith a
guard column Novapak ;¢ from Waters Co. (60 A, 20 x 3.9 mm, 1.D). In ordercontrol the
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system and collect data, the software and interfeseel from Millennium Workstation (Waters,
USA) and Waters SAT/IN Module (USA) were used, exgyely.

Statistical analysis
The statistical analysis of the results was coretuitty ANOVA test using SPSS, at a level of
significance of p< 0.05.

RESULTSAND DISCUSSION

The results of bacterial counting showed that dgatithmic average of the number of bacteria
in the medium containing naphthalene was 2.63tpmpare to the control medium which was
6.588. There was a significant difference at thel&%&l| between the logarithmic values of the
numbers of bacteria in the medium without naphti@land the medium with naphthalene.
Comparing the stations with regard to the logarithaverage of the number of naphthalene-
degrading bacteria, station B was found to havaribst bacteria degrader, 7.068; and station A
was found to have the least bacteria degrader65T3e logarithmic average of the numbers of
naphthalene-degrading bacteria in different statas significantly different at a 5% level. In
addition, the abundance percentage of determinach grositive bacteria was more than gram
negative bacteria and had significant differendes %6 level. 67% of isolated degrader bacteria
were gram positive and 33% were gram negative. Mare the results showed that the most
abundance percentage was belongindgaoillus (30%) and the least abundance percentage
belonged taMicrococcus (10%). The growth of isolated strains was mondaodering one week

to evaluate the ability of bacteria for naphthaldegradation. The growth curve of the strains on
the different concentrations of naphthalene shothatall of the isolated strains have a partially
identical growth pattern in 0.4 g/L concentrationnaphthalene (Diagrams, 2, 3, 4, 5). In
addition, the results of (HPLC) showed that the hpmtent naphthalene degrader strains were
Bacillus and Pseudomonas that degraded 86% and 80% of naphthalene, respbctiMost
recent research has been focused on the degradatitwmity of oil compounds by
microorganisms. Naphthalene has higher activityr @tker polycyclic aromatic hydrocarbons,
and the fact that naphthalene degrader enzyme®rameded by plasmid has facilitated the
research about naphthalene’s biological degradatiothe past, the physicochemical methods
were used to degrade aromatic compounds and tleeivatives, but today the priority is
bioremediation. Thus, oil compounds-contaminateds scan be cleaned up by isolation,
purification, and reproduction of the species vhigher potency to remove these compounds
[5]. Survey et al. (2004) studied the soil nearesalgas stations in Karachi, Pakistan. They
successfully isolated and identified 60 bacterimhiss including Saphylococcus (11.5. )
Corynebacterium(5%), Bacillus(10%), Proteus(21.6.), Pseudomonas(8.3%), Escherichia(33.3.),
Klebsiella (10 7). These bacteria were capable of degradation ofymhbarbons[2]. In the same
study by Survey et al isolated bacteria were ihetl of Bacilluss Pseudomonas
«Corynebacterium« Saphylococc. In Italy, Alquati et al. (2005) studied naphthaletegrading
bacteria in oil-contaminated soils and successfigiiyated 60 species of bacteria, which were
belong toRhodococcus, Arthrobacter andNocardia [11]. In our study ,none of these strains were
isolated in Maroon Il oil field. Coral et al , swssfully isolated 50 bacterial strains that all
belonging toPseudomonas and were capable of degrading naphthalene [1GjceSnative
bacteria of contaminated areas are constantlynitaco with aromatic compounds, these bacteria
should somehow be able to degrade the materialguswding them. Walczak et al and Bestett et
al have report the degradability of naphthalenadtyve bacteria [12, 13]. In this study, the most
dominant naphthalene-degrading bacteria isolatedh fthe Maroon 1l oil field belonged to
Pseudomonas and Bacillus. Therefore, the results of this study showed thate bacteria are
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native in this area. In addition, they have stramgchanisms to remove the aromatic compounds
such as naphthalene. These results are in pardlelother studies. Othman et al , isolated the
bacteria capable of degrading naphthalene frons soiMalaysia. They have concluded that the
most dominant species in naphthalene degradativhascoccus. These bacteria were capable
of degrading 85% of naphthalene after 6 days’ iation [14].
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Figure-1:Growth curve of Bacillus sp on naphthalene
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Figure-2: Gtowth curve of Pseudomonas sp on naphthalene

In addition to the above-mentioned strains, Jeonakt has introducedPolaromonas
naphthalenivorans sp as the dominant species of naphthalene degraties.bhcteria was also
capable to degrade naphthalene as the only soticglmon and energy [15]. Different methods
have used by researchers to measure naphthalerssldign by degrader bacteria. For example,
Mehrasbi et al used gas chromatography to measegeaded naphthalene values [16]. In
addition, other researchers such as Aytkeldiyeval eind Mittal et al. used this method to
measure naphthalene degradation values [17, 7].
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Figure-3:Growt curve of Corynebacterium sp on naphthalene
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Figure-4: Growth curve of Staphylococcus sp on naphthalene
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Figure-5: Growth curve of Micrococcus sp on haphthalene
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In this study, HPLC was used to measure naphthakemeaining in medium. This method has
been used by Tian et al, Seoud et al, Coral etéBasht et al [18, 19, 10, 20]. In this study, the
results of remained naphthalene measurement by HR&iGod were correlated with findings of
other researchers.

Acknowledgements
The authors are grateful for all the staff of tkamic Azad University, Jahrom Branch, Iran,
who sincerely cooperates in performing this redearc

REFERENCES

[1] H. Abd-Elsalam., E. Hafez., A. Hussain., A. Ali., &Il- Hanafy. American- Eurasian J
Agric .& Environ. Sci, 2009, 5(1), 31-38.

[2] 2. S. Survery., S. Ahmad., S. Abdus Subhan., MzAj&H. RasoolPakistan Journal of
Biological Sciences, 2004, 7(9), 1518-1522.

[3] M. Mashreghi., K. Mashreghilournal of Sciences ,Islamic Republic of Iran, 2005, 16(4),
317-320.

[4] A. Akhavan Sepabhi., I. Dejban Golpasha., AM . Nakdadournal of Microbial World, 2009
, 1(1), 5-14.

[5] F. Kafilzadeh., H. Javid., H. Mohammadiournal of Fisheriesof Iran, 2007, 3, 103- 111.
[6] A. llyina., MI. Castillo Sanchez., J.A. Villarre®anchez., G. Ramirez EsquivelJ.
Candelas Ramirez. Becth. Mock.yh- ta.cep2003, 44(1), 88-91.

[7] A. Mittal ., P. Singhlndian Journal of Experimental Biology, 2009, 47, 760-765.

[8] TKC. Udeani., A.A . Obroh., C.N. Okwuosa., P.U. A&lwu., N. Azubike African Journal
of Biotechnology, 2009, 8(22), 6301- 6303.

[9] F. Kafilzadeh., M.S. Farhang doost., A. Rezaeeyamaimi., A.A. Mahjoor.Journal of
Microbial world , 2009, 2(2), 89-96.

[10] G. Coral., S. KaragoAnnals of Microbiology, 2005, 55(4), 255-259.

[11] C. Alguati., P. Maddalena., R. Canmela., S. SergidsiuseppinaAnnals of Microbiology,
2005, 55(4), 237-242.

[12] M. Walczak., W. Donderski., Z. Mudryk., P. Skorcztuv Polish Journal of Environmental
Sudies, 2001, 10(1),33-36.

[13] G. Bestetti., SS. Picaglia., C.Riccardi., M. Papauc, C. Alguati.Annals of Microbiology,
2005, 55(4),237-242.

[14] N.Othman., NH. Hussain., AT. Abd karim., SA.Talienvironment in Developing
Countries, 2009, 2-3,101-105.

[15] CK. Jeon., W. Park ., W. Ghiorse., E. Madsbuernational Journal of systematic and
Envolutionary Microbhology, 2004, 54, 93-97.

[16] MR. Mehrasbi., B. Haghighi ., M. Shariat., S. Nasd€. Naddafi.lranian J. Publ Health,
2003, 3(32), 28-32.

[17] SA. Aytkeldiyeva., AK. Sadanov., ER. Faizulina., A&irmanbayev.Engineering and
Technology, 2008, 44, 626-628

[18] L. Tian., P. Ma., JJ. Zhon&rocess Biochem, 2002, 32, 1431-1437.

[19] MA. Seoud., R. Maachilechnologie Houari Boumediene, 2003, 58, 726-731.

[20] S. Bisht., P. Pandey., A. Sood, SH. Sharma., N§htBBrazlian journal of Microbiology,
2010, 41, 922-930.

616
Scholars Research Library



