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ABSTRACT

The bacterial diversity in a diesel contaminated tropical soil was investigated using diesel oxidation in gradient
cultures dynamics (pH and OD) of the pure cultures. The diesel dependent growths of these isolates were assessed
for 15 days by monitoring the gradient fluxes in the pH and Optical density OD of the media. Results showed an
increase in OD as well as fluctuationsin pH values. The mean OD data obtained was 0.515- 1.187 with pH of 6.95-
7.2. From the morphological and biochemical characterization and comparison with respect to the standard
references, the isolates S\P;, SPs, S;P,, SPr,and SP, were presumably the members of the genera Bacillus
Pseudomonaand Mycobacteriumspecies. From the study, it was apparent that the tropical ecosystems contained
unique organisms with the ability to deal with diesel contamination.
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INTRODUCTION dependence on the vehicles for the transportation
of the petroleum products, accidental spills are
Globally, there is a growing concern about theinabated. = Gas stations and other storage
risks of environmental contamination from thecontainers have life spans that are minimal, and as
exploration, transport and storage of petroleuma result, soil and aquifer contamination cases
With a maximum crude oil production capacity ofemanate from these sources (Brito et al. 2010;
2.8 million barrels per day, Nigeria ranks as oné\lessandra et al. 2012).
of the Africa’s largest producers of oil and theDiesel fuel, also known as the Automotive Gas
sixth largest oil producing country in the world. Oil (AGO), is a complex and common pollutant.
In Nigeria, the Niger Delta is the hub of oil It consists mainly of aliphatic hydrocarbons
exploration and transportation. According toranging from G to Gsand number of aromatic
Chikere et al. (2009), this ecological zone and itsompounds (Ciric et al. 2009). The environmental
surrounding offshore areas supply above 80% dmpacts of diesel when spilled include reduction
the country’s crude oil. In addition, the petrateu of plant growth through direct toxic effect on the
and petrochemical products are produced, refingolants, reduced germination, and unsatisfactory
and handled in this region. With the over-soil condition due to insufficient aeration of the
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pore space between the soil particles. Thus, thdgomination of Gram negativeroteobacteria and
biological functioning of microbial communities Cytophaga-Flavobacterium-Bacteroides group in
which are central to the biogeochemical cycling obioremediation (Macnaughton et al. 1999; Kaplan
ecosystem is truncated. This consequently affecend Kitts 2004). It has also been reported, that
the productivity of such ecosystems (Okerentugb&ram positive bacteria often dominate the sites of
and Ezeronye 2003; Scullion 2006; Kayode-Isoldioremediation due to their metabolic versatility
et al 2008). (Chikere et al. 2009).

Since the 1940’'s, the susceptibility ofiIn this study, the bacterial diversity in a diesel
hydrocarbons to microbial degradation is wellcontaminated tropical soil was investigated using
documented (Zobell 1946) .The extent of thehe diesel oxidation in gradient cultures dynamics
degradation varies according to their chemicalpH and turbidity dynamics) of the pure cultures.
structures.

Previous studies on bioremediation have yielded

good results for the decontamination of diesel oi(jATERIAL AND METHODS

contaminated soil in temperate climates (Huang et

al. 2004; Ghazali et al. 2004; Bento et al. 2005Chemicals and Reagents

Riffaldi et al. 2006). However, the bacterial The (NH,).SQ, MgSQ.7H,0, Ca(NQ),.4H,0,
diversity of tropical ecosystems is less explored. K,HPQ, KH,PQ, and NaCl of analytical grades
In bioremediation, the detoxification of organicwere obtained from Merck Germany. Nutrient
contaminants has been established as an efficieaigar and nutrient broth were obtained from Micro
economic, versatile and environmentally soundMaster India. Urease base agar, starch agar,
treatment (Margesin et al. 2003; Nweke andmethyl red and voges proskauer medium and
Okpokwasili 2004; Kaplan and Kitts 2004, peptone water were procured from the
Quatrini et al. 2008). This is possible because t Microbiology Laboratory, Covenant University.
microorganisms have catabolic gene pool that iPetroleum diesel fuel, produced according to EN
necessary for synthesizing the enzymes that c®90:2004, was purchased from a gas station in
mediate the  critical steps in  diesel oilCanaanland Ota, Ogun State Nigeria.
degradation.

Several, bacterial genera have exhibited gre&@tock solutionsand Media

abilities in utilizing the hydrocarbon substratesAll the enrichment and degradation experiments
(Bogan et al. 2003; Chikere et al. 2009). Theseiere performed using chloride-free minimal salts
bacterial species are wide spread in pristine andS) medium as described by Kim and Picardal
oil polluted environments (Hamamura et al. 2006(2000) with slight modification. The medium
Cappello et al. 2007; Van Beilen and Funhoffconsisted of (g) 0.5 (Nfj£SO,, 0.1 MgSQ-7H,0,
2007). Culture-independent molecular technique6.076 Ca (NG@),.4H,O and 40 mm phosphate
using 16S rRNA gene sequences and certaipuffer (pH 7.25). Solid MS medium was made by
independent isolation techniques have been usélde addition of 1.8% Bacto-agar (Difco
in characterizing these bacterial species, whichaboratories, Detriot, Ml USA). MS medium was
include: Gram-negative bacteria such asupplemented with the diesel oil.

Acinetobacter, Pseudomonas, Alkanivorax and

related genera. There are other specific organisnfsrichment of microbial communities

that are capable of degrading the diesel oil. &hesSoil samples were collected from the
include Bacillus subtilis, Bacillus sp.,, Alcaligenes  contaminated sites around the store houses of the
sp, Flavobacterium sp.,Micrococcus roseus, power (generator) houses in Covenant University,
Corynebacterium sp., Citrobacter freundii, Nigeria. Diesel degrading bacteria were initially
Klebsiela, Arthrobacter, Acromobacter, isolated by the conventional enrichment culture
Alcaligenes, Nocardia and actinomycetes methods. For this 5.0 g of the soil samples were
(Amund, 2000; Wackett and Hershberger 2001mixed with MS medium contained in a conical
Parales et ak002). flask (200 mL). The medium was amended with
Chikere et al. (2009) reported that thediesel (0.2% v/v) as the primary carbon source.
experimental and edaphic variation existedlhe flasks were incubated on a shaker (Model
between the temperate and of tropicaH2Q-X 300) at 65 rpm at 3G for 14 days.
environments. There could be a possibility ofSubsequent transfers from these enrichments were
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made fortnightly by using the same methods and
conditions. After about one month, the enrichmenGrowth on diesel as carbon and ener gy sour ce
cultures were transferred to a fresh medium usinBure cultures were tested for their ability to
a 15% inoculum and continued cultivation undedegrade the diesel. The tests were performed in
the same conditions. Subsequent transfers webalch tubes containing MS medium (8 mL)
carried out using 2% inoculum and the procedursupplemented with the diesel, which were
was repeated for five successive times. inoculated by the pure cultures at® lgells/mL.
Tubes were incubated in shaker (Model H2Q-X
Determination of Physicochemical parameters  300) at 65 rpm at 3C for 15 days. An abiotic
of soil control was set up with the inoculated control (MS
The soil samples were collected randomly at thenedium and diesel oil devoid of organism)
site of study using a clean container. Afterincubated at the same conditions. Measurements
removing the stones by sieving, the soil samplesf the optical density (OD) and pH were carried
were thoroughly mixed and stored in 20 mLout at 0, 5, 7, 12 and 15 days interval. Optical
McCartney bottles. The sample were analyzed fadensity was measured at 600 nm using Genesys 10
PAH, heavy metals and pH. UVS Spectrophotometer.

I noculum preparation Statistical analysis
Cultures were incubated on a freshly preparegtatistical tests (mean and standard deviation)

sterile nutrient broth in cotton wool stopperedwere performed using the SPSS 15.0 computer
balch tubes and incubated aGCfor 120h. The gsoftware programme.

cells were harvested by centrifugation at 35 x 100
rpm for 50 min, washed two times in phosphate
buffer saline at pH of 7.25, transferred into aRESUL TS AND DISCUSSION
sterile 2.0 mL eppendorf tubes and re-suspended
in MS medium as previously described byThe concentrations of the petroleum hydrocarbon
(Nwinyi 2008, 2011) to an optical density of 0.4 @fjy the contaminated soil as shown in Table 1
600 nm. The inocula were used for the growth anghcjuded: fluorene 1.99 ppm, Indeno (1, 2, 3-cd)
degradation studies. and  pyrene  29.11ppm;  acenapthalene,

_ L . acenaphthene and phenanthrene were not detected.
Isolation, purification and characterization of  1pq pH of the polluted soil was 6.54.
diesel degrading bacterial species _ The isolates $;, and SP, were motile, catalase
Pure cultures from the diesel-enriched media wers ciive  Gram positive rod, incapable of
isolated by plating 1.0 mL of the enriched culture ermenting glucose. The rr’lorphology and
onto minimal salt (MS) agar, sprayed with diesel,;ochemical characterization suggested them
on the surface. This was incubated in dark at 28

, . S similar to the members of the genBacillus sp.
32°C for five days. Colonies were periodically Tha isolates ., and SP, were motile, catalase

transferred to MS agar to obtain the pure culture,qiive citrate positive and Gram negative rods.
Using the morphological examinations, bacteriairya gata of Tables 2 and 3 showed that the

species were isolated and sub-cultured ontR 5t ($Ps, SiP» were similar to the members
separate agar plates. The pure cultures weg o genu$seudomonas.

incubated at 37°C for 18-24 h. These were name
as 3P1, SPs, SP2, SPy, SP;and classified using 4pje 1 - Hydrocarbons detected at the selected site.
the standard cultural and morphologicalipaH Hydrocarbons) Selected soil

techniques and comparison with standar@nysical appearance dark loamy (silt, sand and

reference organisms (Cowan 1985; Olutiola et al. gravel)

1991). The following tests were carried out: Gram Not detected
stain, morphology, catalase, oxidase, colony Not detected
motility, methyl red, voges proskauer, indole, 1.99 ppm
nitrate reduction, gelatin hydrolysis, spore test, Not detected
starch hydrolysis, coagulase citrate and sugar 29.11 ppm
utilization.
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Table 2 - Morphological characteristics of the pure bactgsalates.

SiPy S3Ps SP, SP, SP»
Shape Rods Rods Rods Rods Rods
Colour whitish Creamyl/yellowish  whitish Yellowisliamge  Creamyl/yellowish
Pigmentation No Pigment  Green Pigment No Pigment PNgment Green Pigment
Optical Features Translucent  Transparent Transpar@mnansparent Translucent
Abundance o Large Moderat: Large Moderat: Moderati

Growtr

Table 3 - Cultural and biochemical characteristics of puretbdal species capable of degrading diesel.

Slpl S3P3 Szpz Szpl S3P2
Gram’s Reactio +short rod - shortrods ir + short rod + shortrod clustered roc
in cluster: chain: in cluster:
Motility Test + + + - +
Acid-Fast Stai - - - - -
Spore Stai + - + - -
CitrateTes + + +
Catalase Te + + + + +
Urease Te: + - + - +
Indole Tes - - - - -
MR Tes - - - - -
VP Tes - - - - -
Growth at 3°C + + + + +
grcovvth at pH a + + + + +
Growth in 5% + + + + +
NaCl
Starch + + + + +
Hydrolysis
*Glucose - -
*|actost - -
Bacillus sp. Pseudomonas sp. Bacillus sp. Mycobacteriumsp. Pseudomonas sp.

+: Positive Reaction, -: Negative &&m, *: Sugar Fermentation Tests

Diesel oil is one of the most importantthe OD values and pH was agreeable with the
combustible fuels used to power various enginestudies on hydrocarbon degradation (Kim and
However, it also presents as one of the leadinBicardal 2000; Nwinyi et al. 2008, Nwinyi 2011).
harmful  pollutants in the environment, The colour of the enrichment medium changed
contaminating both the land and water. The neeflom yellow to green which could be due to the
to clean-up these sites has led to the developmemtesence of Pseudomonas sp. Studies have
of effective bioremediation techniques (Hoppereported that oil polluted soils are often domidate
1989). Leahy and Cowell (1990), demonstrateavith Gram negative bacteria (Kaplan and Kitts
that microorganisms were the main degraders &f004; Chikere et al. 2009). The present results
petroleum  hydrocarbons in  contaminatedcorroborated the findings of Ouatrini et al. (2008)
ecosystems. Enrichments to isolate oil-degrademsho isolated Rhodococcus, Gordonia and
using diesel as sole carbon and energy source haMercadia species as the dominant hydrocarbon
generated various microorganisms from severalegraders from a hydrocarbon contaminated
genera (Jirasripongpun 2002). shorelines.

In the present study, six bacterial species namelijhere are several reports of bioremediation of
SiP;, SP; SP., SP;, SP. with potentials in  pollutants byBacillus sp. occurring in the extreme
degradation of diesel were isolated. During thenvironments. ljah and Antai (2003) reported that
growth of the isolates on diesel, the cell numberBacillus sp. was the predominant isolate of all the
increased. Optical density, pH and microbiakrude oil utilizing bacteria they characterizedfiro
growth in the diesel contaminated soil werehighly polluted soil sample®acillus sp. has been
evaluated by monitoring the changes in the opticdkrmed as more tolerant to high levels of
density as well as the gradient fluxes in the pH ofiydrocarbons in soil due to its resistant
the medium (Figs. 1-5). The observed increase iandospores.
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In this study, OD readings increased from 0.491 to
©Opatsoanm 1.187 and pH also showed a significant increase
o from 6.2 to 7.2 after two weeks f8acillus sp. In
the studies on microbial utilization of
hydrocarbons, it was reported that hydrocarbon
degradation often led to the production of organic
acids (Amund and Adebiyi 1991; Okpokwasili
and James 1995), resulting in a decrease of the pH
(pro-acidity). The increase in pH towards the
alkalinity reported could be due to the behavior of
the bacterial cells in diesel oil. It might also be
. that the organism evolved a different pathway
= 5 u towards the utilization of diesel oil. The
120 168 289 360 Pseudomonas sp. showed a steady increase in OD
_ from 0.238 to 0.858 and a corresponding increase
Diesel —dependent growth (OD) and pHin pH from 6.5 - 7.45 after two weeks. As shown
values of the enrichment medium of iy Figyre 3, strain &, identified asBacillus sp.
Bacillus sp. strain g9y at 15 days | 4 5 glow OD increase from 0.446 to 0.494 and
incubation. Data represent the mean ) . . .
triplicate tubes for time zero and the final pH of 6'],' ) _7'0 d.u.rlng the same m_cubatlon period.
time. The error bars were due to §he strain identified aMycobacterium sp. had a
differential responses of cells during Steady increase from 0345 to 0.603 a.fter two
measurements. The control initial pH weeks with an increase in pH from 6.1 to 7.1 (Fig.
reading was 6.0, and the control OD4). Strain $P, identified as Pseudomonas sp.
reading was 0.414. showed an OD increase from 0.359 to 0.515 and
pH increased from 6.1 to 6.95.
cvatcoonm — Thege findings showed that the biodegradation of
e complex hydrocarbons in nature usually required

, the cooperation of more than a single species. The
microbial populations consisting of the strains

mean values of pH and OD
E=Y

Figure 2 -

belonging to various genera have been detected in
petroleum-contaminated soil (llori et al. 2006;
Kim and Crowley 2007). This suggested that the
strains from various genera have their roles in the
hydrocarbon transformation processes (Ghazali et
al. 2004; Cunliffe and Kertesz 2006). Individual
microorganisms can metabolize only a limited
5 = - range of hydrocarbon substrates; hence
assemblages of the mixed populations with overall
120 168 288 360 broad enzymatic capacities would be required to
Time (hours) achieve considerable biodegradation of petroleum
Diesel —dependent growth (OD) and pHhydrocarbons.
values of the enrichment medium of Based on OD results, the two strains of
Pseudomonas sp. strain &5 at 15 days Pseudomonas sp. andBacillus sp. were considered
incubation. Data represent the meanas having the highest degradation potentials. The
triplicate tubes for time zero and the final growth dynamics observed might either be due to
time. The error bars were due 10hejr constitutive nature of hydrocarbon
differential responses of cells during qqimilating capabilities or adaptation of the
measurements. The control sample initial . .
strains as a result of previous exposure to

pH reading was 6.0, while the control
sample initial OD reading was 0.414. exogenous hydrocarbons (Adebusoye €2@0D7).
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Figure 3 - Diesel dependent growth (OD) and pH _
values of the enrichment medium of Figure 5 - Diesel —dependent growth (OD) and pH

Bacillus sp. strain &, at 15 days values of the enrichment medium of
incubation. Data represent the mean Pseudomonas sp. strain & at 15 days

triplicate tubes for time zero and the final incubation. Data represent the mean
time. The error bars were due to triplicate tubes for time zero and the final
differential responses of cells during time. The error bars were due to
measurements. The control sample initial differential responses of cells during
pH reading was 6.0, while the control measurements. The control sample initial
sample initial OD reading was 0.414. pH reading was 6.0, while the control

sample initial OD reading was 0.414.

OD at 600nm

i CONCLUSION

. Bioremediation is one of the major ways of
}—f reclaiming the polluted environments. However,
¢ what needs to be done is to determine the
. environmental factors favorable for the bacterial
species. Evidently, the indigenous bacterial
species could be wused effectively in the
s bioremediation of diesel contaminated soils of

tropical origin. Further studies should be carried

mean value of pH and 0D

2 out on the catabolic genes or plasmids responsible
. for the degradation ability of these organisms for

strain improvement and prospective use for
° . o res ree oo biotechnological exploitation.

Time (hours)
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