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ABSTRACT
Biodegradation of petroleum hydrocarbons is mofecéfe, powerful and economical provident than ibgl and chemical techniques.
The most important process uses newly isolatedyérdius microorganisms from contaminated sites.sfuaty aims to isolate, characterize
the diversity of microbial communities specificaltyolved in the biodegradation of diesel withinlpted soil. Two bacterial strains wene
isolated from hydrocarbons-contaminated soils ctdié from the refinery of Arzew, Northern Algerigsing the enrichment technique. The
morphological characteristics of the colonies, ¢bi structure, Gram staining and the observatiothe bacterial spore were studied, the
biochemical characterization were performed by ubke of biochemical galleries. The bacterial straimse identified as*seudomonas
aeruginosa (P1) andBrevibacillus laterosporus (B2). The ability ofP. aeruginosa (P1) andB. laterosporus (B2) to degrade diesel was
performed by measuring the optical density, colfmmning unit counts (CFU/ml), gravimetric methochéldegradation of Isomerate by the
two isolates was analyzed by gas chromatograpHhy flgitme ionization detector (FID). Results indichthat the isolates can use diesel|as
sole source of carbon. Biodegradation of diesePlhyand B2was indicated by an increase in the dpdieasity of culture and colon
forming unitcounts (CFU/ml)from 7xfand 2.3x18 CFU/ml to 5.9x18& CFU/ml and 3.4x1D CFU/ml on day 8 respectively. Th
biodegradation potential of diesel was 20% (for &1951.35% (for B2) during 12 days of incubatiarldse P1have the highest capabil
of diesel degradation, thiswas consistent with ¢tbenplete degradation in five days of four composenit Isomerate(C3, |-C4, 2-
3dimethylbutane and toluene) and more than 90% ath8r components (I-C5, cyclopentane, 2methylpent8methylpentane, hexane
benzene, Et. Benzene and O. Xylene). Isolate B2ptiely degraded hexane and more than 80% of @3, 12 methylpentane angd
toluene.
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INTRODUCTION

One of the major environmental problems today @drbgarbon contamination resulting from the actgti
related to the petrochemical industry [31]. Hydmboe components are imposing serious threats toahum
health and are constantly affecting the surroundéngironment due to their prolonged existence ia th
environment [17]. Hydrocarbons compounds belongotganic compounds with strong toxic, mutagenic,
carcinogenic properties and can accumulate in tk@a@ment with persistence. Most PAHs (about 90a46)
accumulated in soil, which receives PAHs from costion of wood and fossil fuels, emission of fumesmf
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motor vehicles, or soil application of sewage skidgespite such high accumulation of PAHs in soilisi
possible to remove these contaminants with incnghsiadvanced methods, including physicochemical,
chemical, photocatalytic degradation , electrokinetmediation , thermal , or biological pathwayméng the
latter methods, next to phytoremediation, mostétie is paid to bioremediation, as it is perceitvede a safe
and economically viable method [26].

Biodegradation using microorganisms is usually pheferred and major route of hydrocarbons removal
from contaminated environments because of its efisttiveness and complete clean-up [23]. Bactand
fungi are primary mediators in hydrocarbon degradatbacteria have been shown to be more verddiie
fungi and therefore may play a greater role dubifglegradation of hydrocarbons [8], 79 bacteriadega that
can use hydrocarbons as carbon and energy soacegll as 9 cyanobacterial genera, 103 fungal rgesied
14 algalgenera that are able to degrade or transtoydrocarbons [19]. Bacteria and fungi are primary
mediators in hydrocarbon degradation; bacteria hplayed a greater role during biodegradation of
hydrocarbons. The most important hydrocarbon-deggadhacterial genera in soil environments include
Achromobacter, Acinetobacter, Alcaligenes, Arthrobacter, Bacillus, Burkholderia, Collimonas,
Corynebacterium, Dietzia, Flavobacterium, Gordonia, Micrococcus, Mycobacterium, Nocardia, Nocardioides,
Pseudomonas, Ralstonia, Rhodococcus, Sphingomonas, Variovorax. Among the fungiAspergillus, Candida,
Cunninghamella, Fusarium, Mucor Penicillium, Phanerochaete Rhodotorula, Sporobolomyces and
Trichoderma are hydrocarbon degrading genera frequently isdlabm soil [8].

Various studies haveisolated microorganisms abldeigrade oil compounds from different locations in
Algeria, including Corynebacterium aquaticum and Pseudomonas aeruginosa [2], Natrialba sp. [24],
Pseudomonas, Shewanella, Enterobacter and Serratia [18], Paenibacillus sp [28] and Pseudomonas
citronellolis KHA [36]. But there are not enough reports of ldgchdation of Isomerate (Naphtha petroleum,
Swigert et al. [39], which is a complex combinatioihhydrocarbons obtained by the fractional distitin of
petroleum. This fraction boils in a range of apjpnmmtely 20-135 °C [39]. The aim of the present wads to
isolate the hydrocarbon degrading bacteria fromcoiitaminated soil. In addition, the diesel degtiatia
capacity of selected bacterial strains was assdssetkasuring the optical density, colony forminmgt wounts
(CFU/mlI), gravimetric method .and the Isomeratedbgradation ability of the isolates was characeeriby
GC/FID.

MATERIAL AND METHODS

Soil samples:
Oil contaminated soil samples were collected frawo sites in a refinery in Arzew, Northern Algeria
(Sonatrach, Algerian Petroleum Company).

Isolation and characterization of microorganisms from contaminated soil:

Hydrocarbons-degrading bacteria were isolated oshBell-Haas medium (BH) [3], which contained per
liter:1.0g KH,PQO,,1.0gK:HPO,, 1.0g NHNO;, 0.2g MgSQ- 7H,0, 0.05g FeGland 0.02g CaGI2H,0 (pH 7).
For enrichment, 10g contaminated soil sample wate@ddo 100 ml of BH medium containing 2% (v/v)
petroleum or diesel [15]. Cultures were incubatedhie dark at 30°C on a rotary shaker 150 rpm. rAdtee
week, 2ml of enriched media was transferred intsHBH medium and incubated at the same conditidies.A
three consecutive transfers (each including a shoubation interval of 1 week), 1@0of culture were plated
on BH agar, which were covered with 10I0of petroleum or diesel and incubated at 30°C3711,8]. Colonies
were isolated, purified and stored at 4° C on eatragar. For long duration, the isolates are dtorgylycerol
(30%) at -20° C.

Purecultures of bacterial isolates were identifima the basis oftheir colonial morphology, cellular
morphology andbiochemical characteristicsby usirgl2® NE and APl 20E (bioMérieux, Marcy-I'Etoile,
France) according to the taxonomicscheme of Besglelginual of Determinative Bacteriology [14,6].

Diesel degradation assays:

Ability to degrade diesel was performed as desdribg [25] with modifications.Erlenmeyer Flasks of
250ml containing 100 ml of BH liquid medium withr@l of diesel were prepared.The isolates were inmaa
overnight in 5ml nutrient broth at 30°C. Then thdtares were centrifuged at 6000 rpm for 15min agtls
collected. These were washed three times with Bjdidi medium and re-suspended in a 5ml of the same
medium [10], until Oy, was equivalent to 0.91 [29]. One ml of inoculum9@® ODyy, equivalent) was
transferred into the flasks and Non-inoculatedkasere prepared as controls [5]. The cultures \geogn in
the dark at 30°C for 12 days with constant shakirg® rpm)[29].

The growth patterns were obtained by measuringftieal density at 600 nm [20] and total viable cizu
(CFU/ml)of the isolatesat 2 day intervals [4].
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Gravimetric method:

Residual oil was extracted by liquid-liquid extiiact as described by [33]. 4 ml of hexane and 2 fnl o
acetone were added to broth culture in flask aadestthoroughly [11]. After removing the aqueouagehwith
separating funnel, hexane and acetone was evagarsieg rotary evaporator at 50°C [13,27]. Conflatks
were also extracted similarly. After the complet@moration, the hydrocarbon residue obtained waghee
and taken as the gravimetric value for further walion. The percentage of diesel oil degraded dedsrmined
from the following formula [41,33,27]:

Percentage of degraded diesel = (Wc - W W:x100%
W,: weight of residual diesel in cultures
W.. weight of residual diesel in controls

Analysis of |somerate biodegradation by gas chromatography:

The ability of isolates to degrade Isomerate (Nalpetroleum, Refinery of Arzew, SONATRACH) in BH
at 30°C with agitation at 160rpm was examined. iirieyer flasks containing 100ml of BH, supplementét
2% of Isomerate, were inoculated with strains faal ODg of 0.91, parallel Erlenmeyer flasks, which were
not inoculated with strains, were set up as cosittolmonitor loss of the hydrocarbons due to vidation.
After 5 days of incubation, inoculated flasks amdimoculated controls were extracted [41, 32].

The extracts were analyzed by Gas ChromatograpBWN(DMaster GC Fast Gas Chromatograph System,
DANI Instruments Spa., Milan), with CP-Sil PONA @Blumn (50mm, 0.21mm, 0.5um) and Flame lonization
Detector (FID). All runs were carried out under flofowing conditions: initial temperature 40°C famin;
temperature rate 10°C/min and final temperature°@5f@r 1min; injector (spilt/splittess mode) tematnre
250°C; FID temperature 300°C. Carrier gas constawtrate (helium) 40ml/min.

Results:
Isolation and characterization of isolates:

Two strains were isolated from the contaminated (i and B2) with diesel degrading capabilitiebkeT
isolates were respectively identified Rseudomonas aeruginosa and Brevibacillus laterosporus. Tables 1 and
2 show the characterization of isolates and theeslbstrains with similarity percentage of identity

Table 1: characteristics of the P1 isolate from contamithatal
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Determination of hydrocarbons degradation by turbidometry and bacterial counts:

Microorganism’s growth in BH broth medium supplerezh with 2% dieselwas evident from the
significant increase in cell density at 600 nm aitdrnate colony counting after 12 days of incubra(figurel
and 2). The increase in optical density indicates ability of cultures strains to utilize and detgdiesel as
source of carbon and energy(figure 1).More spedlfic this was observed between day 4 and 8 aftéctw
growth became limited.
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Fig. 1: Growth curve of the isolates P1 and B2 in BH bmo#dium supplemented with 2% diesel.

The cell count of P1 and B2 isolates on BH brothpéemented with 2% diesel increased from 7xdd
2.3x16 CFU/ml in day 1 to 5.9xI0CFU/ml and 3.4x1DCFU/mI respectively after 8 days of incubation
(figure 2).
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Fig. 2: Growth rate of the isolates P1 and B2 in BH brottdimm supplemented with 2% diesel

Gravimetric method:

The biodegradation assay was carried out to deterihie diesel degradation capabilities of the iedays
microbial cultures that were isolated from contaaéa soil. The isolates were separately inoculaieBH
broth containing 2% diesel as sole of carbon sotwcestimate the potential of biodegradation (feg®).
According to our results B2 had a high degradataia 0f51.35%, compared to P1 having a degradaditenof
20%. According to Oudot et al. [3@]microorganism is considered as petroleum anatbitegyrading if the rate
of its degradation is superior or equal to 5%.
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Fig. 3: The rate of diesel degradation by the bactertdhtes after 12 days of incubation

Gas chromatography analysis of |somerate:

The two isolates were incubated in BH medium suppleted with 2% Isomerate for 5 days. Gas
chromatography analysis results of P1 isolate sdaWwat the level of Isomerate has been signifigamtiuced
accompanied with the appearance of degradationuptedC1, N-C4, N-C5 and 2-2 dimethyl-butane)(Fegur
4B);these compounds could possibly be the resilthe enzymatic degradation induced by the microbia
strains. Figure 4Bshows also the disappearance8pf-C4, 2-3dimethylbutane and toluene. On the rotizend,

B2 isolate caused the total disappearance of hexade decrease in the other Isomerate comporieigisr ¢
4C).
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Fig. 4: the GC-FID analysis of Isomerate obtained befdfeand after treatment with microbial isolates for 5
days of incubation: PB]) and B2 C).

Discussion:

Biodegradation of petroleum hydrocarbons is a cemprocess that depends on the nature and on the
amountof the hydrocarbons present. Microbial deafiad is the major and ultimate naturalmechanism by
which one can clean-up the petroleum hydrocarbdintpats from the environment [31].

Many microbial isolates from hydrocarbons contarreédasoil have been found to degrade petroleum and
diesel. They includeBacillus cereus [40], Acinetobacter, Bacillus, PseudomonasBosea, Azospirillum,
Nitratireductar [1], Candida tropicalis [16], Fusarium oxysporum, Aspergillus niger and Aspergillus flavus
[33]. In our study, two bacterial strains were &eb from oil-polluted soil from the refinery of Zew, Northern
Algeria, by the application of an enrichment tecfug. After morphological identification and numbefr
biochemical tests, these isolates were incluéseligdomonas aeruginosa (P1) andBrevibacillus sp(B2).

In this study, the degradation of diesel was oleskdyy the significant increase in the populatiorthef
strains in BH medium supplemented with 2% of dieSkk growth rate observed in P1 (5.9%UEC/ml) agree
with the observation of John et al. [22] tHegeudomonas aeruginosa exhibited greater ability to degrade
hydrocarbons.

The results indicate that the isolates have thaluéty to utilize diesel (2%) as carbon source.(B2.35%)
and P1 (20%) have the best levels of diesel biakgion after 12 days of incubation. Petroleum diegel
degradation has been analyzed for several fungalbacterial species, Panda et al. [34] have obdetivat
percentage of diesel degradationRsudomonas aeruginosa isolated from the contaminated soils, collected
from QOil Jetty, Paradip Port (Orissa), was49.93%raP0 days incubation period. Other work (Chitharad
Hema, 2014) usingseudomonas sp. found that its degradation rate of oil (92.3%) \watter than other isolated
species includin@acillus (83.7%) andVlicrococcus (35.5%) after 25 days of incubation period.

In the present study, isolate Plproved to be bétyeirocarbon degraders than the isolate B2. In the
presence of P1 four Isomerate components (C3, |I-Z3dimethylbutane and toluene) were completely
degraded in five days of incubation. Moreover, asel P1lhas degraded more than 90% of the following
components; I-C5, cyclopentane, 2methylpentane,ti3yimentane, hexane, benzene, Et. Benzene and O.
Xylene. Benzene can be used as sole carbon angyesmurce for aerobic growth by many bacteria esfigc
Pseudomonas species [42]Pseudomonas species was successfully used to degrade varionganents of
BTEX, such as benzene, toluene, ethylbenzene, axtdrm of xylenes [7]. The results obtained in #tedy of
Sutton et al. [38] indicated that the capabilityRsudomonas sp. to use hydrocarbons as the only sources of
energy and organic carbon was explained by theygtamh of lipidic biosurfactant that increase thslity of
biodegradation. Biosurfactants are a structuralyerde group of surface-active substances produmed
microorganisms that exhibit the ability to reduceface and interfacial tension. They may enhanckdoarbon
bioremediation by two mechanisms. The first inchitiee increase the substrate availability for naoganisms,
while the second involves interaction with the aliface, which increases the hydrophobicity ofghegace,
allowing hydrophobic substrates to associate mas#dyewith bacterial cells [35].

Isolate B2 has completely degraded hexane and thare80% of C3, I-C4, 2 methylpentane and toluene.
Gram-positive isolates belonged to the gerrevibacillus were found to be able to utilize diesel and a wide
range of hydrocarbons [30].

Conclusion:

In conclusion, in this study we have isolated asehtified two hydrocarbon-degrading bacteria froitn o
contaminated soil. The degradation capacity ofaitsal bacterial strains was proven by the growtldiesel-
containing media as sole carbon source and by tagiacities to deplete or reduce the Isomerate coaengs.
The results of this study showed that isolate FPkydomonas aeruginosa) have the highest capability of diesel
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and isomerate degradation compared to isolateBB&vipacillus laterosporus). However, further studies are
still required to confirm the environmental sigoénce ofPseudomonas sp. and its bioremediation potential.
Overall, this study provides that these isolateslccde useful in hydrocarbon degradation, bioreiautbai
strategies of contaminated soil, because of thieie mange of oil derivatives degradation. The kremge of the
efficiency and the activities of bacteria in oilljobed sites may be helpful for the bioremediatafoil spills
and can be planned in order to clean up oil paliuth soil and water.
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