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Abstract

In order to reduce or eliminate the effect of illege on the environment and living organisms
using biological process, a study was carried autsblate oil-degrading bacteria and fungi
associated with oil-polluted lands in Ondo Statgexa. In this study, the indigenous bacteria
and fungi, isolated from some oil-polluted sitesOndo State, Nigeria and which were able to
degrade oil were investigated by the use of classselective enrichment technique. These
organisms were further studied to determine theodegrading activites on hydrocarbons
containing 2% (v/v) (diesel, kerosene, petrol) gsamrichment medium. The microbal growths
were determined using spectrophotometer. The phgsamical properties of the environ mental
samples were analysed using standard procedures @mupared with the unpolluted
samples.The bacterial isolates were identified byorpmological and biochemical
characterization using the taxanomic scheme of BgggManual of D eterminative Bacteriology.
The bacteria obtained from the oil-polluted sitesravBacillus firmus, Bacillus sphaericus,
Staphylococcus aureus, Micro co co caps Acinetobactesp, Pseudomonas sutzeri and Bacillus
pumilus. Fungi isolated from the various sitesurt@d Penicillium italicum, Aspergillus niger,
Penicillium oxalicum, and Streptothrix atra, baseuthe microscopic and macroscopic features
of the hyphal mass, nature of the fruiting bodiad ¢he morpholbgy of cells and spores. These
results showed that all the microbes maximallyized the oil substrates (petrol, diesel, and
kerosene) when supplied as the sole source of nasiool energy. The test on the degrading
activity of isolates on oils revealed that B firmaad Penicilium oxalicum are best degraders of
petrol while B. sphaericus and Aspergillus nigedaB. sphaericus and Streptothrix atraare
bestdegraders of diesel and kerosene respectivdle physicochemical properties of the
polluted soils showed higher levels of Pb. Zn amdttian the unpolluted soil samples. The pH
values obtained in this study were not too low ightwhich supported biodegradation activity
of bacteria and fungiin the soil. The bacteria dadgi obtained in the study areas coupled with
the pH value, revealed microbial activiies duridggradation, although at very slow rate.
Further research into enhancing the degradationqass by altering environmental factors and
manipulating the genetic make up of these bactarna fungi for effective and efficient
bioremediation process will be of great relevancg@iomoting a sustainable developmentofour
environment.

Keywords:Hydrocarbon, enrichment  medium,degrading activity,bioremediation,
physicochemical properties, microbial growth.

139



Indigenous Bacteria and Fungi Responsible for Bradiation of Oilpolluted Soils in Ondo State, KaeOlukunle et a

Introduction

The greatest environmental problem connected wiides oil exploration in Nigeria is oil spill
both on-shore and off-shore (Mandri and Lin, 20@CAude oil, because of its characteristics, &
one of the most significant pollutants in the eowment as it is capable of causing serious
damages to humans and the ecosystem, resultig ioantamination of drinking water, kiling
of fishes and poisoning aquatic life, thereby, iplgdardship on those who make their living by
fshing. It produces ecological problems of greahehsion. It affects soil fertility adversely,
causes alterations in soil physicoche mical andabiotogical properties (Agbogieit al, 2005).

Oil spills also cause epidemics of many dseasesause spiled oils contain toxic substances
which could be injurious to human health. (Nwachulet al, 1999),Heavy metals present in
hydrocarbon contaminated soils can be concentiatdte food chain, which eventually results
in more risk to humanslhe indirect effects of oil spill in soil includexygen deprivation of
plant roots because of exhaustion of soil oxygenolwdegrading microorganisms, thereby
creating anaerobic conditions which may lead tofthenation of hydrogen sulphide (Agbogidi
et al.,2005).

The release of oil into the environment causesrenwiental concern and attracts the public
attention (Rolinget al, 2002). Microorgansms in the environment attaokl digest the oil and
this is the basis for the emergent field of biordimton Biore mediation is defined as the use of
microorganisms or their enzymes to provide an éffecalternative (Singtet al, 2001) or to
return the environment altered by contaminantstsooriginal condition (Okon and Trejo—
Hernandez, 2006). Bioremedation is a most widsdgated technique (Sing#t al, 2001)
because it issafe, less disruptive to the enviranmeost effective, the technology does not
involve sophisticated equipment, and the meth@addepted by the public because the organisms
used are environmental friendly.

Oil-degrading microorganisms are ubiquitous in teavironment, particularly in the
hydrocarbon-polluted sites. They are capablke afgusrganic substances, natural or synthetic, as
sources of nutrients and energy hence, exhibittmgarkable range of degradative capabilities
(Duaet al, (2002). Many microorganisms capable of degragiagoleum components have
been isokted. However, few of them seem to be iitapbfor hydrocarbon biodegradation in
natural environments (Harayareaal., 1999). Certain indigenous microorganisms have show
to have the capabilty to degrade hydrocarbons dfiufed soils thus leading tin situ
bioremediation, thereby providing an effective, maraical, versatile and environmental friendly
means of reclaiming polluted lands and water bofiesaet al, 2002). Both fungi and bacteria
have been foundto be useful in bioremediationgssceven though many researches have been
on bacteria in the recent timé3seudomonaspecies and closely related organisms have been
the most extensively studied owing to their abilibydegrade so many different contaminants
(Wackett, 2003).

The objectives of this study are to determine nfiixband physicochemical properties of the oil-
polluted soils; identify the microorganisms respolesfor the degradation of the oil in the area;

and investigate the degrading activity of the naoganisms.

M ethodology

Source and collection of samples

Top soil samples were collected from three differeemmunities in the Niger Delta area of
Ondo State into sterile cellophane bags. The conitmsiiMese, Oluwa and Awoye) were
reported to have been polluted with hydrocarbomhépast. The controsample was collected
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from an unpolluted site in the same vicinity. Thasaenples were taken to the laboratory of the
Federal Unwersity of Technology, Akure for micraloigical and physicochemical analyses.

Microbid counts

Pour plate technique was used for the microbiokgamalysis of samples collected from oil
polluted soils (Song and Bartha, 1990). One grathefmoist soil samples was used to make
ten fold dilution series in triplicates; one mitdr each from dilution T®was seeded into
nutrient agar plates and incubated &C37or 24 hours. The bacterial counts were theeeaft
enumerated on nutrient agar. Potato dextrose &@aA) was used for the enumeration of
fungal counts, incubated at room temperature foh@@s based on the standard methods of
Amund and Igiri, (1990).

Enumeration of oil-degrading bacteria

Minimal salt medium (MSM), an enrichment medium fbe growth of oil-degraders was used
to enumerate oil-degrading bacteria and fungi frite soil samples collected from the oil-
polluted sites in Ondo state. The composition ef MEM was as follows: #HPO4 (1.8 g/L);
NHACI (4 gL); MgSQ.7H,O (0.2 g/L); NaCl (0.1g/L); N&S0O4.7HO (0.01 g/L); agar (20 g/L);
carbon source (1%); and distilled water (1L) witH g.2.The medium was sterilized by
autoclaving at 12C for 15 min. The samples were serially diluted dna from 10* dilutions
was seeded in the MSM. The medium was supplemenitd 1% (v/v) filter sterilized
hydrocarbons (kerosene, petrol and diesel) to seswée only source of carbon and energy (ljah
and Abioye, (2003). The medium was hcubated ahrtemperature for 7 days.

Isolation and Characterization of Isolates

Pure isolates were obtained using streak technigndsstored at°@ in agar sknts. Individual
colonies were identified by morphological and biexlical techniqgues using the taxanomic
scheme of Beygey’'s Manual of Determinative Bactegy (Buchanan and Gibbons, 1974) for
bacteria and Bamette and Hunter, (1972) for fungi.

Biodegrading activities of bacteria on hydrocarbons

The degrading activities of each isolates were iogth by using MSM in which 1% of each
hydrocarbon (petrol, kerosene and diesel) was adaedincubated at room temperature for
seven days. The optical density of each samples¢§}p was read using spectrophotometer.

Physicochemicd properties

The pH values of the samples were measured witlaithef electric pH meter (Jenway 3510)
following calibration wih buffer solutions of pH, Z and 10. The moisture and total nitrogen in
the samples were quantified by oven-drying and ori€eldahl methods, respectively (ljah and
Abioye; 2003). Determination of available phosplsomas determined by standard titrimetric
procedures. Exchangeable Mg and Ca were deternbgeEDTA tirimetric method while
exchangeable Na and K in soils were determine dguifeiime emission photometry. The presence
and amounts of toxic metals (Pb, Zn, Fe) in thé saninplkes were investigated using Atomic
Absorption Spectrophotometer (EPA, 1999). The agararbon and organic matter were
analysed by wet oxidation of soil using concenttdteSO, and aqueous ¥Cr,O; (Walkey and
Black, 1965).
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Results

Microbid counts

The bacterial counts (x90obtained from oil-polluted sites in Mese, O luwadaAwoye, all in
Ondo state ranged between 10.00 + 1.00 and 161000&Cfu/g , while the fungal counts (XJLO
were between 867 + 2.08 and 15.00 + 1.00 Sf&igy. (1). The bacterial and fungal counts for
the unpolluted soil were 7.33 + 2.52 Cfu/g and (D00 Sfu/g, respectively.
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Figure 2: Population of oil-degrading soil bacteria on k erosene, diesel and petrol
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Figure 2 shows the population of oil-degrading éeatin the soil samples. The mean of oil
degrading bacteria on kerosene (3I@nged from 17.67 + 3.5 to 20.33 + 3.06 Cfu/g,diese],

it ranged from 17.00 £ 1.00 to 22.00 + 1.00 Cfuwidpile on petrol, it ranged from 19.67 + 2.81
to 21.33 £+ 2.52 Cfu/g. Soil samples collected frAmoye, had the highest population of oil-
degrading bacteria on kerosene; while samplesatetiefrom Oluwa had the highest population
of oi-degrading bacteria on both diesel and petrol
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Figure 3: Population of oil-degrading soil fungi on k erosene, diesel and petrol

Legend:

MSS Mese
OLS Oluwa
AWS Awoye

Figure 3 shows the population of oildegrading fuimythe soil samples. The mean of oil-
degrading fungi varied between 18.67 + 2.51 an@é23. 1.53 Sfu/g on kerosene; 19.00 £ 2.00
and 24.00 +1.73 Sfulg on diesel; and 20.00 @ &48d 25.67 +1.15 Sfulg on petrol.
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| dentification of bacteria

Table 1: Morphological and biochemical characteristics aftbga isolated from oil "polluted sail
samples colected from Ondo State

Characteristics Isolate A Isolate B Isolate C Isolate D Isolate E Isolate F Isolate G
Cultural
Colonyshape  Circular Trregular Trregular Circular Oval Circular Trregular
Elevation Raised Flat Flat Raised Raised raised Flat
Edge Entire Undulate Entire Entire Entire Entire Undulate
Pigmentation =~ White Yellow Yellow Cream Cream Yellow White
Gram stain + + + + - - +
Cell shape Rod Rod Rod Spherical Rod Rod Rod
Spore stain + + + - - - +
Catalase + - + + + + +
Motility + + - - - + +
Oxidase - - - - - - -
Fermentation
Glucose + - + + + + +
Mannitol + - + + - - +
Xylose - - - - + + +
Sucrose - - + - - - -
Lactose + - + + - - +
Probable Bacillus firmus  Bacillus Staphylococcus  Micrococcus  Acinetobacter  Pseudomonas — Bacillus
bacteria sphaericus aureus spp. spp. stutzeri pumillus
Legend:
+ = Present
- = Absent

Table 1 shows the morphological and bioche micatadtaristics of the seven bacterial solates
found in the soil samples. The bacteria obtainednfithe oil-polluted sites werBacillus
firmus Bacillus sphaericusStaphylococcus aureus, Microcococcsys Acinetobactersp.,
Pseudomonas sutzeriand Bacillus pumilus

I dentification of fungi
Table 2:Culturd and morphological characteristics of fungi isolated from oil-pollutedsoil

Cultural traits Tentative Identicy
Black colonies Conidiophores are upright, Asperillus niger
simple and terminating in a
globose or clavate swelling
bearing phialides at the

apex
Aellowish green to dark Septate hvpha hyvphae bears Penicillium oxalicum
green colouration. conidiophores, presence of
A ellowish base primary and secondary

stigmata_
Brown colonies appearing Branched conidiophores Sirgpfothrix atra
creamy at the edges branches with conidia Dark

mycelium growing loosely
writh spirally codled, ail
conidiophores

Yellowish green to dark Conidiophores arise from Penicillium iftalicum
green colouration the myvcelium singly near

the apex mostly apex or

globose
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Table 2 shows the identity of the isolated fungsdmh on the microscopic and macroscopic
features of the hyphal mass, nature of the fruitilegies and the morphology of the cells and
spores. Fungi isolated from the various sitesughetdPenicillium italicum Aspergillus niger
Penicillium oxalicumand Streptothrix atra

Biodegrading activity of eachisolaes on oils

Table 3: B acteriawith the highest and least oil-degrading activities

0il Least Highest

Kerosene Acinetobacter sp. Bacillus sphaevicus
Diesel Pseudomonas stutzeri Bacillus sphaericus
Petrol Staphylocococcus. aureus Bacillus firmus

Table 3 shows the highest and least oil-de graditigiaes on oils (kerosene, diesel and petrol).
Bacillus sphaericusdemonstrated the greatest ability to degrade kewosand diesel
whileBacillus firmusdemonstrated the greatest ability to degrade pe&anetobactersp,
Pseudomonas sutzerndStaphylococcus auredsd the least degrading activities on kerosene,
diesel and petrol respectively.

Table 4: Fungi with the highest and least oil-degrading activities

0il Least Highest

Kerosene Sireptothrix afra Asperillus niger
Diesel Penicillium italicum Strepiothrix atra
Petrol Penicillium italicum Penicillium oxalicum

Table 4 shows the highest and least oil-degraditigiges of fungi on oils (kerosene, desel and
petrol). Aspergillus nigerStreptothrix atraandPenicillium oxalicumdemonstrated the highest
activities on kerosene, diesel and petrol respelythNFungi that demonstrated the least activity
incude Streptothrix atraon kerosene arBenicillium italicumon both diesel and petrol
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Physicochemicd properties
The physicochemical properties of both polluted ampblluted sois are presented in Table 5.

Table 5: Physicochemicd propertiesofoil-polluted soil

Parameters Mese Oluwa Awoye Control
Moisture content (%) | 78.65£1.2 718915 779513 793412
pH 6.7=0.09 6.5+0.03 6.4+0.00 79+0.00
Organic carbon (%) | 2.76=1.0 30108 341009 200+£1.0
Organic matter (%) [4.75+14 49716 5.88=1.8 59617
Nitrogen (%) |042+14 04822 0.56=1.1 0.65+1.6
Phosphorus (mgkg) | 1.75+£1.1 234138 55121 58821
Potassmm  (mg'kg) | 0.81 =13 1.02+2.6 1.15£3 4 1.74+08
Sodium (mg'kg) [0.73£1.2 0.82+32 09108 07114
Calcium (mg'ke) | 2314 48+22 5816 40+1.1
Magnesium (mgkg) |2.7+13 2416 20£23 2814
Lead (Pb) (mg'kg) | 6009 6202 6007 =18
Zinc (Zn) (mgkg) [0.162+1.8 0.169=09 0.161=1.1 000514
Iron(Fe) (mg'kg) | 0.214 1.1 021810 0212+23 0.01+1.2

The moisture contents (%) of the polluted soilseMewer than the control and ranged between
78.65 + 1.2 and 79.34 +.1.3. The pH ranged betwiedr 0.09 and 7.9 + 0.09 wih the control

having the highest value. The values obtained fiorolyen (%) were from 0.42 £ 1.4to 0.65 +

1.6; Phosphorous (mg/kg) ranged from 1.75 + 1.5.88 + 2.1; and Potassium (mg/kg) had
values between 0.81 + 1.3 and 1.15 + 3.4. The satdained for lead, zinc and iron showed
that the control soil samples had the lowest w@h @005 and 0.01 (mgkg) respectively.

Discussion

The microbial population obtained from this stutipws that Oluwa and Awoye soils had higher
bacterial counts (fig. 2) than fungi counts (fig.ii3 line with the work carried out by Onifaeg

al., (2007). The nutrients status of these soils neayebponsible for this phenomenon (Jobston
al., 1979). The presence of bacteria and fungi indihg@olluted soils buttresses the fact that
microorganisms are ubiquitous. The loads for eipchding microbes were high indicating the
presence of indigenous microbes in the pollutets.soThe oil-degraders are found to possess
enzymes which enable them break down the completeaules of hydrocarbons (Sohail and
Srivastava, 1994). In an oil spilled site, micra@mngms are found to play a major role in the
biodegradation process. The polluted sites are dotm harbour a variety of species of
microorganisms, which have the capacity to useothas source of carbon and energy (Das and
Mukherjee (2006). This confirms that the metabattivities of the indigenous microbes, hence
utilization of the oil leading to the degradatiohtle oil when supplied as the sole source of
carbon and energy. Ojo (2006) postulated that thevies of these microorganisms could be
responsible for the bioremediation of the environtnd hese provide useful information in the
biological activities going on, in the soil and tbeel at which these organisms are able to adapt
to the harsh environment. The bacterial isolatesewmentified by morphological and
biochemical characterization using the taxanomies®e of Bergey's Manual of Determinative
Bacteriology (Buchanan and Gibbons, 1974). Theeba@ctobtained from the oil-polluted sites
were Bacillus firmus Bacillus sphaericus Staphylococcus aureus, Microco co s
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Acinetobactersp., Pseudomonas sutzeri and Bacillus pumiuegi isolated from the various
stes includedPenicillium italicum Aspergillus nigerPenicilium oxalicum and Streptothrix
atra, based on the microscopic and macroscopic featurébieohyphal mass, nature of the
fruiting bodies and the morphology of cels andrepdBamette and Hunter, 1972).

The degradation activity showed that all the baatésolates have potentials to degrade the three
types of oil used in this study, i. e. kerosenessei and petrol This hypothesis suggests
similarities in the gene that encodes degradatiaieir ge netic make up (Boboge al, 2010).
Bacillus sphaericusad the highest ability to degrade both kerosemk diesel whileBacilus
firmuswas able to degrade petrol best. In case of thgifAspergillus niger, Streptothrix atra
and Penicilum oxalicumwere found as best degraders of kerosene, diesel patrol
respectively. Previous studies from literaturesfioonthat Bacillus has been reported as oil
degraders in different environments (Bobateal, 2010).Bacillus found in this study is in
agreement with the researchers that postulate dBtaitius species are more tolerant to the high
levek of hydrocarbons due to their resistant goates (Ghazalet al, 2004).

It has been demonstrated that hydrocarbons havatimegeffects on the biochemical and
physicochemical characteristics of soils, as welits microbiological properties (Wyszkowska
etal 2002). The moisture contents of the oil pollus@ds were lower than that of the control in
all the samples. This is in agreement with the wadwke by Onifadet al, (2006). This may be
probably due to the presence of oil coating thé sfmereby preventing the penetration of water
into the soil. It has been reported that a moistar@ent range of 20 — 80% is generally optimum
for hydrocarbon degradation (Bossert and Barth®419T he pH values of polluted soil were
lower than the control in all the samples. Thsoak in line with the work carried out by Ogaji
et al. (2005). The ranges of pH obtained in this studyaweported to support biodegradation
activity of bacteria and fungi in the soil (DPR,919. The physicochemical properties of the
polluted soils showed higher levels of Pb. Zn aadiin the control soil samples. The nutrient
status i.e. (nitrogen, phosphorus and potassiurthieopolluted soils for Oluwa and Awoye were
higher than those of Mese and the control which lm&ayesponsible for the higher population of
bacteria. The bacteria and fungi obtained in theysareas coupled with the pH value, revealed
microbial activities during degradation, although \&ry slow rate. Further research into
enhancing the degradation process by altering enwiental factors and manipulating the
genetic make up of these bacteria and fungi faeceife and efficient bioremedition process
will be of great relevance n promoting a sustdeatlevelopment of our environment.
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