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Abstract

Trichothecium, Trichoderma, Aspergillus niger, Fusarium, andPenicillium spp. from oil contaminated soil from
5 Mechanic Shops in Accra, Ghana showed zoneseafamce of oil on Minimum Salt Enrichment Medium
(MSEM) Agar seeded with 1000ppm Engen™ Lubricat@d (ELO), so were counted as presumptive
lubricating oil-utilizing moulds. Significant incases (P> 0.05) in viable counts, fungal dry weights andicgit
densities; significant decreases<F0.05) in pH’'s of pure cultures of the moulds in BA\8+1.0%(v/v) ELO
medium at 30°C for 0 - 25 day’s; positive correla between viable counts and fungal dry weightshle
counts and optical densities, and fungal dry weigind optical densities; and negative correlatmataieen pH
and viable counts, and pH and optical densitiesficoned the moulds as lubricating oil consumingduwith
potential for use in bioremediation of oil pollutedils. Aspergillus niger exhibited the highest bioremediation
capacity andrichothecium the least.
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1. Introduction

Ghana may pump as much as 240,000 barrels ofait fts offshore Jubilee field by 2014-15. Even befo
Ghana began commercial production of its firsti2011, there were major spillages of oil. In Dmber 2009,
Kosmos spilled about 600 barrels of low toxicity-lmased mud in its exploratory operations in theilée
Fields. Another spill occurred in March 2010 (ThieaBaian Times, 2010).

There are various methods of containing oil spiltel these can be grouped into three, and thesehgsacal,
Chemical and Biological methods respectively. Pdsisimethods include incineration and sinking the oi
Incineration may destroy indigenous organisms,uidiclg oil-degrading microbes, and increase thecttyxiof
the petroleum residue. Sinking the oil with heaydiophobic agents such as ground chalk merely resithve
oil to anaerobic sediments or deep ocean floor,revfeng persistence of the oil pollutant is bouandotcur
(Nwangwu and Okoye, 1981). Chemical methods foroneny or dispersing spilled oil from the environrhen
have side-effects on the ecosystem and are tokichws sometimes more pronounced than that obihigself
(Vogt, 2010). Biological agents in the form of fur(@ood and Lal, 2009) and bacteria contain thdl bpi
enhancing biodegradation of the oil into harmleagstances such as water and carbon dioxide
(Bioremediate.com, 2010), which could result in teesg oil-contaminated environments. Microbial
degradation has emerged as the most significantalahechanism for the removal of non-volatile lnyahrbon
pollutants from the environment. Although biodegtah occurs at a very slow rate, it can be enhare
inoculation with more efficient oil degrading micirganisms, or by introducing air and nutrients ithe
environment (Bioremediate.com, 2010). Species afanirganisms are however habitat specific (ObigS38).
Filamentous fungi, yeasts, actinomycetes and Hactdl have the ability to utilize hydrocarbon subtes—
though their ability to do so varies among indiablatrains. A study by Westlake et al. (1974) sthweat the
effect of oil on microbial populations depends upba chemical composition of the oil and on thecsgse of
microorganisms present. Populations of some miardberease; typically, such microbes use the pairal
hydrocarbons as nutrients. The same crude oil @aor fdifferent genera at different temperatureokding to
Obire (2009), Atlas and Bartha (1972) showed tloates crude oils contain volatile bacteriostatic coomuds
that must degrade before microbial populations geow. On the other hand, some microbial populations
decrease or show a neutral response to petroledno¢grbons. The overall effects of petroleum hydrbons
on total microbial diversity remain unclear.

Commercial fungal and bacterial inocula are usettiéndeveloping countries for bioremediation ofggllls and
as a first step in developing indigenous and halsipecific microorganism for use in large scale syill
response operations this project looked at thaiew and identification of oil degrading microonggms from
oil polluted soils of some mechanic shops in Accra.
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2. M ethodology

2.1. Collection of Soil samples

Soil samples (400 g) from surface soil (0-15 cmtdepvas collected with an auger from 5 Mechanidirkit
Shops in Accra, Ghana, consecutively after tillivith a sterile scoop and transferred into steridby/hene bags.
Soil sample collections were made from 3-4 randaimtg per shop and then mixed to form composité soi
samples. All microbiological analyses were carwed within 24 h after sample collection. All sodraples for
future analyses were stored at 4 + 2 °C accordin® and OECD standards (Obire and Anyanwu, 2009).
2.2 Culturing of Microorganisms

Appropriate dilutions of soil samples were prepamed 0.1 ml aliquots cultured into Plate Count Afgairtotal
viable count. Appropriate dilutions of soil samplesre prepared and 0.1 ml aliquots cultured intient agar
by pour plate technique for growth of bacterial@es. Fungi species were cultured using PotatorbsetAgar
(PDA) to which streptomycin (50 mg/ml) had been edido suppress bacterial growth. The colonies @mlint
were computed and expressed as colony forming(cfai} per gram of soil.

2.3 Isolation of Microorganisms

Saphylococcus aureus and E. coli were isolated from the soil samples by sub-culty®.1 ml of appropriate
dilutions of the soil samples into fresh Baird +Kea Agar and Eosin Methylene Blue Levine (EMB) Aga
respectively, by pour plate technique. Positiveticis of Staphylococcus aureus andE. coli respectively were
used for the tests. Fungi were isolated using Dieil Rose — Bengal Chloramphenicol Agar (DRBC) mmexdi
The isolated cultures of bacteria and fungi wetgsequently screened for the ability to utilise ioating oil as
sole carbon source.

2.4 Screening of Bacterial and Fungal Isolates for Their Ability to Utilise Lubricating Oil

2.4.1 Preparation of Minimal Salt Enrichment Medi(MSEM).

The method of Millset al (1978) as modified by Okpokwasili and Okorie, (898vas used in preparing a
minimal salt medium (MSEM) of composition 6.0 g-N&®0;, 3.0 g KBHPQ,, 0.5 g NaCl, 1.0 g HiCI, 1.0 ml
of 24.6% (w/v) MgSQ7H,0O and 1.0 ml of 1.47% (w/v) Caf2H,O in 1000 ml distilled water), which was
then dispensed into 250 ml conical flasks and lsed. To each flask was added 1.0% v/v (i.e. Ingp
Engen™ Lubricating Oil.

2.4.2 Preparation of MSEM OQil-Agar.

MSEM Oil-Agar was prepared by adding 1000 ppm EAYelubricating Oil to molten agar prepared with
MSEM solution and sterilising in an autoclave.

2.4.3 Culturing of bacteria on MSEM Oil-Agar.

Isolated bacteria were cultured in nutrient brath48 hours and 0.1 ml aliquots of appropriatetatitucultured
into Oil-agar plates by pour plate technique.

2.4.4 Culturing of fungi on MSEM Oil-Agar.

Isolated fungi were cultured in malt extract brdtn 48 hours and 0.1 ml aliquots of appropriateutibin
cultured into Oil-agar plates by pour plate techeiq

2.4.5 Preliminary tests of Isolates as Presumptidgicating Oil-Utilising Microorganisms.

Colonies which developed and showed growth of deand zones of clearance of oil on the MSEM géra
plates were counted as presumptive petroleum-atjimoulds. Colonies which developed and showeavtiro
of colonies and zones of clearance of oil on thagar plates were identified by morphological &nachemical
techniques for bacterial cultures and morphologiteracteristics and microscopy for Fungal isoléBznson,
1990).

2.4.6 Tests to Confirm Microorganisms as true keditrhg oil-utilising Microorganisms

2.4.6.1 Preparation of Minimal Salt Enrichment Mediplus lubricating oil.

A 10 ml volume of MSEM medium plus 1.0% v/v (i.e10nl) Engen™ Lubricating Oil was dispensed seWeral
into test tubes and sterilised (Okpokwasili and kdl988).

2.4.6.2 Culturing of Microorganisms.

The sterilised MSEM-Oil medium in the test tubesrevénoculated with the pure cultures of Presumptive
Lubricating Oil-Utilising Microorganisms and placédan incubator (QL Model 10 — 140) at 30°C.

2.4.6.3 Measurements for Confirming the Utilisatafriubricating oil.

Utilisation of lubricating oil was monitored fordobation periods of 0, 2, 6, 13, 21 and 25 daysnkgsuring
fungal growth, fungal dry weight, optical densitydapH.

2.4.6.3.1 Fungal growths.

Fungal growths were measured by obtaining the @iablints on nutrient agar. The fractional changéable
count for each incubation period was obtained ftbenformula

(Vn - VO) / VO

Where V, is the viable count for incubation period n dags &, is the viable count for incubation period of 0
days.
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2.4.6.3.2 Optical density (OD).

Optical density was determined at 600 nm wavelengti Unico UV 2100 spectrophotometer by measuting
percent transmittances (%T) which were then coerdetd optical densities using the formula: OD = Bg-of
percent transmittance (Benson, 1990).

The fractional change in optical density for eastubation period was obtained from the formula

(OD,— ODy) / ODy

Where OD) is the optical density for incubation period n slaand OR is the optical density for incubation
period of 0 days.

2.4.6.3.3 Fungal dry weight (FD).

Fungal dry weight was determined by drying Whatrian 1 filter paper in a hot air oven at £05to constant
weight (W.) and then harvesting the fungi on the filter papefiltration, drying the filter paper overnight the
oven at 108C, and obtaining the dry weight (\of the filter paper again on a digital weighirgdnce (ADAM
AFA — 120 LC model).

The fungal dry weight (Fdw) was determined fromfitrenula W— W...

The fractional change in fungal dry weight for eamtubation period was obtained from the formula

(FD,— FDy) / FDy

Where FQ is the fungal dry weight for incubation period ayd and FRis the fungal dry weight for incubation
period of 0 days.

2.4.6.34

The pHs were determined with an ACCULAB V-1200 pHter.

3. Resultsand Discussion

Soils from all 5 oil contaminated sites containedious microorganisms and total viable counts rdrggtween
1.82 x 16 cfu/g — 2.76 x 1Dcfulg (Table 1), and the presencefofcoli, S aureus and fungi in the soils were
confirmed (Table 2).

Table 1. Total viable count (cfu/g) on Plate Cofigar (PCA) of microorganisms from oil contaminatadls
from 5 Mechanic shops in Accra, Ghana

Soil Samples Average (cfu/g)
Mech Shop 1 2.56 x f0
Mech Shop 2 1.82 x %o
Mech Shop 3 2.76 x 0
Mech Shop 4 2.10x fo
Mech Shop 5 2.11x f0

Table 2. Mean microbial counts (cfu/g) from oil taminated soils from 5 Mechanic shops in Accra, rizha
aureus was cultured on Baird — Parker Agar.coli on Eosin Methylene Blue Levine (EMB), and fuogi
Dichloran Rose — Bengal Chloramphenicol Agar (DRBC)
Soil Samples Saph. aureus E. cali Fungi
Mech Shopl  48xf0 19.3x16 8.3x10
Mech Shop2 348xf0 228x16 14.6x168
Mech Shop3 19.4x %0 109x16 13.1x16
Mech Shop4  Nogrowth  No growth 3.65 X10
Mech Shop5 8.4 xf0 Nogrowth 16.0x 1D

For soils containinge. coli, numbers ranged between 1.09 X 202.28 x 16 cfu/g, and forS. aureus 4.80 x
10%cfu/g — 3.48 x 18cfu/g, and 8.30 x F8fu/g — 1.46 x 18cfu/g for fungi (Table 2).

In the preliminary tests for the Presumptive Luatiicg Oil-Utilising ability of the isolates, the. coli, andS.
aureus colonies did not show any zones of inhibition ba MSEM oil-agar plates (Table 3). However, various
fungal isolates showed zones of clearance on thENISil-agar plates which presumed that they hachttikity

to utilise lubricating oil as their sole carbon smu(Table 3).

The Presumptive Lubricating Oil-Utilising fungi veerdentified to bélrichothecium, Trichoderma, Aspergillus
niger, Fusarium, andPenicillium spp. (Table 4).

In petroleum-producing regions of Nigeria, Obir@&8) found several species of oil-degrading aquatigi in
the generaCandida, Rhodotorula, Saccharomyces and Sporobolomyces (yeasts) and, among filamentous fungi,
Aspergillus niger, Aspergillus terreus, Blastomyces spp. Botryodiplodia theobromae, Fusarium spp. Nigrospora
spp. Penicillium spp. chrysogenum, Penicillium spp. glabrum, Pleurofragmium spp. and Trichoderma
harzianum. Sebiomo et al (2010) isolatédpergillus flavus, A. niger, A. terreus, A. ochraceus, andTrichoderma
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spp. from oil contaminated soil from a mechanic worghat Ago-lwoye, Ogun State Nigeria which were
capable of utilising lubricating oil as the solehzan source for producing energy.
In this projectE. coli were identified in soils from 3 of the shops (T&@B), but they did not exhibit the ability to
utilise lubricating oil as sole carbon source. Alsone of theStaph. aureus isolated from 4 out of the 5 sites
were able to utilise lubricating oil as the solebca source.
Table 3. Colonies of microorganisms from oil conitaaed soils from 5 Mechanic shops in Accra, Ghahich
showed zones of inhibition on MSEM QOil-Agar.
Soil Samples Saph. aureus E.coli Fungi

Mech Shop 1 NG NG Gwzl
Mech Shop 2 NG NG GWZzl
Mech Shop 3 NG NG GWZl
Mech Shop 4 NG NG GWZl
Mech Shop 5 NG NG GWZI

NG - No growth  GWZI - Growth with zones of inhibition

Table 4. Fungi isolated from oil contaminated sbitsn 5 Mechanic shops in Accra, Ghana identified a
Presumptive Lubricating Oil-Utilising Fungi. Cultng was on Dichloran Rose — Bengal Chloramphemgalr

(DRBC)
Soil Samples Fungi
Mech Shop 1 Trichothecium, Trichoderma, Aspergillus niger
Mech Shop 2 Fusarium
Mech Shop 3 Trichothecium, Penicillium spp.
Mech Shop 4 Aspergillus niger, Penicillium spp., Trichothecium
Mech Shop 5 Aspergillus niger, Penicillium spp.

The 5 fungi had adapted to living in the oil padidtenvironment occurring in the soils at the methahops.
The most common mould found in the soils Waishothecium, followed byA. niger, andPenicillium spp. The
least wasTrichoderma in 10% of sampled soils (Table 5).

Table 5. Occurrence of lubricating oil utilisingiiyi in oil contaminated soils from 5 Mechanic shapéccra,

Ghana.
Microorganism % of soil samples with the microaorigm
Trichothecium 60%
Aspergillus niger 50%
Trichoderma 10%
Fusarium 20%
Penicillium spp. 50%

Akoachere et al (2008) isolated some oil-degradiagteria from oil contaminated and uncontaminatitl s
samples and these wdPeeudomonas fluorescens, Serratia marcescens Bacillus mycoides, and Serratia, but did
not isolateE. coli or S. aureus.

Sebiomo et al (2010) isolated 10 bacterial speiciesiding Pseudomonas stutzeri, P. putida, P. aeruginosa, P.
mallei, Bacillus licheniformis, B. cereus, B. Subtilis, Corynebacterium spp. Alcaligenes eutrophus and
Enterobacter aerogenes from oil contaminated soil from a mechanic workshgo-lwoye, Ogun State Nigeria
which were capable of utilising lubricating oil ti& sole carbon source for producing energy.

The profiles showing the fractional changes in l@atbunts (VC), pH, fractional changes in fungal deights
(FDW), and fractional changes in optical densi{@®) as the 5 fungi utilised the lubricating oil fgrowth are
shown in figures 1 to 5.
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There were increases in viable counts with incréadacubation period from day 0 — 21 (Figures b)-and
these were significant (0.05). There were decreases in viable counts ffay?1 — 25. The increase in viable
counts among the 5 fungi were significantly differ¢P < 0.05) with A. niger exhibiting the highest mean
fractional increase of 5.80 over the incubatioriqueeof day 0 — 25, andrichothecium with the lowest with 1.26
over the same period. This indicates that the fuveyie able to utilise the lubricating oil as cartsmurce for
growth and multiplication. However, from day 21 amds it is possible that the accumulation of toxic
metabolites in the closed system inhibited thehfertgrowth of the fungi. As more metabolites acclatea
from day 21 — 25 there was decrease in fungal dravitich could be due to feedback inhibition (Affelier et

al, 1989).

There were significant decreases<{®.05) in the pHs over the incubation period besthdecreases in pH’s
were not significantly different (=< 0.05) among the 5 fungi. During metabolism fungoduce acidic
metabolites and as these metabolites accumulaggthieduces (Punekar et al, 1985).

There were significant increases £F0.05) in fungal dry weight over the incubation ipdrfrom day 0 — 25
(Figures 1 — 5). There were significant differen¢@s 0.05) in the increased dry weights among the Bjifun
with Asp. niger exhibiting the highest mean fractional increasé.@B over the incubation period of day 0 — 25,
andPenicillium spp. with the lowest increase of 0.76, whileichoderma andTrichothecium both had fractional
increases in dry weight of 0.82 over the same perio

The optical densities showed significant increa@es 0.05) over the incubation period from 0 — 25 days
(Figures 1 — 5), with significant differences €P0.05) among the 5 fungi, with. niger exhibiting the highest
mean fractional increase of 2.61, followedBychoderma with 0.65,Fusarium 0.37,Penicillium spp. 0.23 and
Trichothecium had the lowest of 0.07. As the fungi multiply thember of cells in the medium also increases
and the medium becomes denser and the amountofdansmitted through the medium decreases.

There were positive correlations of (0.56) betweiatle counts and fungal dry weights, (0.81) betweiable
counts and optical densities, and (0.69) betwergdldry weights and optical densities respecti{&bble 6).
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Table 6. Correlations between pH, Viable count (M&)ngal dry weight (FDW) and Optical density (G5
fungi cultured in MSEM+1.0%(v/v) ELO medium at 30f@ O - 25 day’s
pHandOD pHandVC VCand FDW ODandVC OD and FDW

Trichoderma -0.66 -0.60 0.48 0.98 0.57
Fusarium -0.67 -0.64 0.57 0.60 0.92
Trichothecium -0.59 -0.59 0.57 0.99 0.56
Penicillium spp. -0.93 -0.49 0.67 0.59 0.92
Asp. niger -0.42 -0.53 0.49 0.90 0.49
M ean -0.65 -0.57 0.56 0.81 0.69

The correlations between pH and viable counts,@thé@nd optical densities respectively were negatves7)
and (-0.65).

These results are similar to those of Sebiomo €2@10) where negative correlations were obtainetvéen
optical density and pH, and between viable counts@H, and positive correlation between viable ¢swmnd
optical density for both bacterial and fungal iseta

Conclusion

The results of this study indicate that the fivadu(Trichothecium, Trichoderma, Aspergillus niger, Fusarium,
and Penicillium spp.) isolated from the oil contaminated soils frone tmechanic workshops in Accra, are
lubricating oil consuming fungi, and among th&miger exhibited the highest lubricating oil utilisingpaity,
and the least was Biyrichothecium.
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