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Abstract

Oil spills are known to be the most important aridespread forms of pollution of agricultural laretsd water
bodies in the Niger Delta regions in Nigeria, doethie increasing demand for energy. This is aniiakle
disaster which has to be attended to, in order ioinmeze its harmful effect on the ecosystem, thgreb
conserving nature and sustaining livelihood. Tmesadf this study are to determine the growth ofititkgenous
bacteria and fungi from oil-polluted areas in Nideelta, on kerosene, petrol and diesel and deterrtie
physicochemical properties of the oil-polluted saihd waters bodies. Pour plate technique was geuplfor
the enumeration of bacteria and fungi using Busht@as medium and Minimal Salt medium respectivéhe
culture media were supplemented with 2% oil (kemeseliesel, and petrol) as sole source of carbdrearrgy.
Physicochemical parameters of the environmentapkssmwere analyzed on the environmental samplexyusi
standard chemical methods such as oven-drying metB®TA titrimetric method and atomic absorption
spectrophotometry. The growth of indigenous baatarid fungi on the different oils confirms theilgdedative
ability. Hence, they are responsible for the deém@ activity in the sites where the samples welected. The
physicochemical parameters obtained in this stedgaled that the moisture contents and pH of thepks
were optimum for oil degradation. The oil and geeésund in the water samples show that the sanwdge
polluted with oil and grease. The concentrationpladsphates and nitrates were low while the conaton of
lead was high when compared with the recommendetiatd. In conclusion, the physicochemical analgées
the soil and water showed that the soils are notldor agriculture and the water, not good for congtion.
This calls for immediate bioremediation of the afésl areas using biostimulation.
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1. Introduction

Qil spillage is known to be a major environmentadtgem in Nigeria, most especially in the Niger-faellt is
reported that oil spillage has caused constanathioefarmlands, crop plants and forest tree spe€gri, 2001;
Agbogidi, 2003). It destroys soil fertility, cawssalterations in soil physicochemical and microbgatal
properties, thereby having detrimental effects loa terrestrial and aquatic ecosystems. Oil splis @ause
epidemics of many diseases because spilled oilsicotoxic substances (Nwachukwtial, 1999), which could
be injurious to human health. The indirect effaftsil spills in soil include oxygen deprivation pfant roots as

a result of exhaustion of the soil oxygen by oitidaling microorganisms, which create anaerobic itiond
that may lead to the formation of hydrogen sulphiéigbogidi et al., 2005). The direct effect on the ecosystem
includes damage of fur and feathers of birds, ngaktiem prone to death by freezing. As a resulhe$¢ effects
on the ecosystem, the release of oil into the enwirent has caused serious environmental conceratiragdts
public attention (Rolingt al, 2002). In order to reduce or eliminate the dftdmil spillage on the environment
and living organisms, physical, chemical and biaab methods have been employed. Efforts such as
application of chemical dispersants, skimming of surface oils, application of biological oil agerdnd
inoculating the spilled areas with relevant mic®bee the outcomes of intensive research. The prnostising

of many researches carried out to deal with larmgdesoil spills is the use of microorganisms toviule an
effective alternative (Singht al, 2001). This approach is referred to as biorentiediaOkon and Hernandez,
(2006) defined bioremediation as any process tlsas umicroorganisms or their enzymes to remediae th
environment altered by contaminants. Detaal (2002) reported that microorganisms are capablasig
organic substances, natural or synthetic, as sswfceutrients and energy hence, exhibiting remzekeange of
degradative capabilities. Bioremediation is one tbé most rapidly growing areas of environmental
microbiology, which has been used for cleaning opupants. This is because of its low cost, safetg its
public acceptability (Grazynet al.,2001).

Temperature, pH, adequate inorganic nutrients atative humidity of the environment are factorst thect
the growth of microorganisms responsible for oib@elation (Dubey, 2009). These microorganisms deriv
nutrients and energy for optimal growth and repotidin from the oils so as to utilize or degradenthe
Biodegradation, which is the destruction of orgamenpounds by microorganisms, is carried out lgrdmsl
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diverse bacterial populations, mostBseudomonaspecies. Although, most organisms are endowed with
detoxification abilities, i.e. mineralization, trsformation and/or immobilization of pollutants, mdorganisms,
particularly bacteria, have been the well-studiad are the most frequently used for bioremediasivategies
(Diaz, 2004).Cladophialophorasp. was found to have the ability to degrade twdyethylbenzene, and xylene
(Prenafeta-Boldtet al, 2002) whileCyclothyrium sp. was found to be efficient in the degradatdmpyrene,
phenanthrene, anthracene, and benzo[a]pyrene (e 8t al, 2003). Members of white rot basidiomycetous
fungi have been reported as one group of organishish extensively mineralize the recalcitrant pgisiec
aromatic hydrocarbons due to their abilities toduae ligninolytic enzymes (Pointing, 2001). Certaihnite rot
fungi such as thd”luerotus sp., Phanerochaete chrysosporiur®hanerochaete laeyisTrametes versicolor
(Pointing, 2001) and\grocybesp. (Chupungarst al, 2009) have been well recognized for their cafgkb
degrade polycyclic aromatic hydrocarbons. Howethex,consortia proved to be a better degrader coadpa
individual isolates (Ghazalital., 2004; Gerdest al, 2004; Trindadet al, 2004: Suret al, 2005: Mandri and
Lin 2007).
The ability of an organism to degrade a compourzkdds on the ability of the compound to come imwotact
with an enzyme or a series of enzymes which caradegt. The principle of degradation involves: egsibility
of the compound to the enzymes, ability of the emzy to degrade the compound and production of large
quantity of the enzyme to carry out the degradapimtess.
The aims of this study are to determine the gravftine indigenous bacteria and fungi from oil-ptélth areas in
Niger Delta, on kerosene, petrol and diesel andrdehe the physicochemical properties of the ollyted soils
and waters bodies.
2. Materialsand M ethods
2.1. Sources and collection of samples
The sampling sites for the oil-contaminated envinental samples (water and soil) were Awoye, Mes& an
Oluwa villages in Ondo State; and three differémivfstations (Agbada-Aluu shell, Obite, and BonimyRivers
State. The water samples were collected aseptig#itlyscrew-capped containers while the soil samplere
collected into sterile cellophane bags. Uncontatashgaamples were collected and used as control.
2.2. Microbial analysis
2.2.1. Enumeration of bacteria and fungi

Pour plate technique (BHA) was employed for thenearation of bacteria (Bushnell-Haas, 1941; Atlas,
1994). After sterilization of the enrichment medi@n12£C for 15 min, it was supplemented with 2% (v/v)
filter sterilized oils (paraffin, petrol and diesskparately to serve as the only source of cafljmmand Abioye,
2003). The soil (g) and water (ml) samples wer@aBeriluted and 1mL suspension was asepticalipsferred
from each 18dilution into sterile Petri dish and seeded with/Busing pour plate technique. The medium was
allowed to gel and incubated at°@0for 1 - 3 days. A control devoid of the samplesvpaepared for each set of
the experiments. All experiments were performedriplicate. After incubation, the colonies that @ren the
agar were counted.
2.2.2 Enumer ation of oil-degrading fungi
The minimal salt medium (MSM) of Zajic and Supplisas described by ljah and Abioye (2003) was usédr
autoclaving the medium, it was supplemented with(20) filter sterilized oils (kerosene, diesel apetrol) to
serve as the only source of carbon and energy éighAbioye, 2003). One millilitre from 10to 10° serially
diluted suspension of soil and water samples weeded in the MSM agar using the method of AtlasBadha
(1981). The agar was incubated at 28 + 2°C for73days.

2.2.3 Physicochemical analysis

The pH of the samples was measured with the agdectric pH meter (Jenway 3510) pH meter afterbcating

it with buffer solutions of pH 4, 7 and 10. The store content of the soil was determined using alrgimg
method, which is based on weight loss of watertdugvaporation. The total nitrogen and availablesporus
were determined by standard titrimetric proced@e®.A.C, 2003). Exchangeable Mg and Ca were datexth
by EDTA titrimetric method while exchangeable Naldf in the soils were determined using flame enissi
photometry. Atomic absorption spectrophotometry 83Avas used to analyze for the heavy metals suétbas
Zn, Fe, Cu, Cr, and Ni in the soil and water saspldhe BOD was analyzed by the method based oodiall
oxidation of organic materials by aerobic bactevldle COD was analyzed by the method based on aami
oxidation of materials in the presence of catabys€rLO;* in 50% HSO, as described by De (1999).

3. Results

3.1. Bacterial population in soil

The results showing the load of bacteria associaiéitl oil-polluted soil when grown on BHA supplented
with kerosene, diesel and petrol are presentedgur®& 1. The population of oil-degrading bactehattgrew on
kerosene, diesel and petrol ranged between 17.856 £fu/g (Mese and Agbada-Aluu soils) and 24.00.G
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Cfu/g (Bonny soil); 16.67+ 2.5 Cfu/g (Agbada-Aluaily and 22.67+ 1.5 Cfu/g (Bonny soil) and 21.33.5
Cfu/g (Agbada-Aluu soil) and 27.00 * 2 Cfu/g (Obsteil) respectively. The bacterial population obéal from
unpolluted soil samples contained fewer bacte@aa the oil spilled soil when grown on the varioils.o

3.2. Bacterial population in water

The bacteria isolated from water samples when growrkerosene, diesel and petrol had the populatdns
13.67 £2.5 Cfu/mL (Mese water) and 21 + 2.6 Cfu/(Algbada-Aluu water) on kerosene; 17.00 + 1.0 Cfu/mL
(Mese water) and 23.00 + 2.0 Cfu/mL (Bonny water)déesel; and 19.67+ 2.1 Cfu/mL (Mese and Awoyea) an
23.67 = 1.5 Cfu/mL (Agbada-Aluu) on petrol (Fig. Relatively, the bacteria grew better on petralntidiesel
and kerosene. However, the bacterial populatiokesasene being the lowest is higher than thosenpblluted
soil and water.

3.3. Fungal population in soil

The population of fungi obtained from oil-pollutezbil when grown on minimal salt medium (MSM)
supplemented with kerosene, diesel and petrol l@septed in Figure 3. Similar to the loads of bé&ten soils,
the fungi from soils grew best in pet@0.00 + 1.0 Sfu/g (Awoye) to 25.67 £ 1.2 Sfu/g (@&) than kerosene
(16.00 + 2.0 Sfu/g (Bonny) to (30.33 = 1.5 Sfu/h{@); and diesel except for samples from AgbadauAdnd
Obite (Fig. 1). There is no considerable differemmcthe fungi population of what grew from Meselsan diesel
and petrol.

3.4 Fungal population in water

The lowest fungal population from oil polluted watkat survived on kerosene, diesel and petrol W&r80 +
2.0 Sfu/mL (Awoye); 19.33 £ 1.5 Sfu/mL (Oluwa) atd.00 + 2.0 Sfu/mL (Obite) respectiveljhe highest
fungal populations observed were 22.33 1.5 Sfu(Mese); 23.67+1.5 (Bonny) and 25.33 + 2.1 (Awoye)e
unpolluted water samples contained fewer fungi fhahe oil spilled water (Fig. 4).

3.5Physicochemical propertiesof ail polluted soil

The physicochemical properties of oil polluted saillected fromOndo and Rivers States are presented in Table
1. The analyses of the soils from Awoye, Mese, @lugbada-Aluu, Obite and Bonny revealed that the
moisture contents of the oil polluted sites ranfyjech 61.51% to 79.85%. The pH values ranged frodn&.6.7.
The highest and lowest values were obtaifiech Mese and Agbada-Aluu soils respectively. Itsvadbserved
that the lowest concentrations of Mg, Na, K,,P&nhd N were found in oil polluted Obite soil while theghiest
concentrations were obtained in Awoye soil exceptMg that has the highest concentration in Mesk/Amoye
soils. The values for the organic matter rangad/éen 0.69 for Bonny and 5.88 for Awoye soils. Agmoils
was found to contain the highest amounts (4.23%)(8r88%) respectively of organic carbon and orgamatter.
3.6. Physicochemical properties of oil polluted water

The physicochemical analyses of the oil pollutedew&rom Oluwa village had the highest pH (6.8)dwled by
water samples from Awoye and Mese villages withvaltles 6.7 and 6.6 respectively. The pH of thespilled
water samples collected from the three flow statioas lower than those obtained for Mese, Oluwa‘fanalye
water samples. The biochemical oxygen demand (B&Ejined in this study ranged from 30.7mg/| (Awoie)
34.3mg/l (Bonny) while the chemical oxygen dema@®D) ranged between 40.1mg/l (Oluwa) and 42.7mg/l
(Obite). The concentrations of Nidanged from 15 mg/l (Mese) to 16.7 mg/l (AgbadatAl The values for the
electrical conductivity ranged from (1179.4 - 11)8uS/cm with highest value observed in the sanfolm
Agbada-Aluu and the least value in sample from M&$e oil and grease values ranged from (26.42.14232
mg/l, with the highest values observed in the petusoil from Mese and the least value in the samfriom
Obite. It was observed in all the oil polluted wasamples that the concentration of the nitratepper and
nickel were 0.01mg/l, 0.001mg/l, and 0.01mg/l respely. The physicochemical parameters for thetdn
sample are also contained in Tables 1 and 2.

4. Discussion

The considerable potentials of isolated bacterid famgi grown on kerosene, diesel and petrol amevshin
Figures 1 and 2 and figures 3 and 4 respectivdig degrading capabilities on different aitsvealed that the
microorganisms isolated from the soil and water lam were able to degrade oil. The cells were &ble
multiply during the incubation periods, indicatitizat they were able to degrade and utilize the foitstheir
growth and development. All the organisms maximalijized all the hydrocarbon substrates (petrelokene
and diesel) when supplied as the sole source tboaand energy. Although, the level of oil utilipet differs
from one microbe to another due to the differenndbeir metabolic rates; and from one type of logdrbon to
the other du¢o the differences in the molecular sizes of thérbgarbons.

The moisture contents of all the polluted soil skwmre within the range that could support bioiaten.
These values are in agreement with the finding8Ba$sert and Bartha (1984) where they concluded that
moisture contents ranged between 20 — 80% are @lgneptimum for hydrocarbon degradation. In ak thoil
samples, the concentration of calcium, magnesiwtagsium, sodium, phosphorus and nitrogas lower than
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what was observed in the unpolluted soil with tkReeption of Awoye and Oluwa samples. The findingshis
study is in contrast to the work carried out by s&kowskiet al (2004) who reported higher concentrations of
phosphorus, sodium, magnesium and calcium in abouend parts and roots of yellow lupine when thiéwas
polluted with diesel. The relative low concentraoof these elements in the polluted soil sample®wue to
their utilization by the indigenous microorganismiich led to their reduction. This result is simita that of
Okpokwasili, (2003). The low pH values of oil-pdkd water and soils samples from Agbada-Aluu, Odbite
Bonny indicate that they were highly acidic. Thélyged samples from Awoye, Mese and Oluwa werehslijg
acidic. The pH values of the polluted samples oleigiin this study were lower than those of polluachples.
These results are similar to the findings of Ametdal (1993) and Chukwumet al (2010), but differ from that
of Isirimahet al (1989). Previous studies had shown that low ptéxg& to fish and other aquatic lives (Baker,
and Schofield, 1982).

COD is the amount of chemical oxidant required tfeg oxidation of organic matter present in the ydel
samples while BOD is the amounts of oxygen requbgdhe aerobic bacteria to biochemically oxidibe t
organic matter present in the polluted samples. Aigh values of BOD in all the samples suggest that
aerobic bacteria are oxidizing the oxygen presemié polluted samples. This may be responsibl¢hi®death
of aquatic organisms. The normal range of BOD famdywater quality is 5-6 mg/l and COD is 6-10 nigfuq
et al. 2005). Higher BOD and COD values obtained in thislg indicate that the water is considerably peffut
with organic and chemical pollutants.

In all the oil polluted samples, the data revedleat the concentrations of Zn, Fe and Pb were high¢he
polluted water samples than the unpolluted sampigewthe concentrations in both the polluted andalinted
water samples were the same for Cu, Cr and Ni. etigihectrical conductivity and salinity were aldatained
for polluted water samples. The results are in ement with that of Hardik, (2011), who reported hig
concentration of heavy metals in polluted samphksscording to him, the greater electrical condudgivin
polluted samples is attributed to the presence etalrion. Also, higher electrical conductivity iedies high
salinity. The high concentration of lead observedhie Obite samples may be responsible for theyhestal
associated diseases such as liver and kidneysdisedamage to bone marrow and cancer reportedgar N
Delta by Lloyd and Cackette, (2001) and Mishktal, (2001). The higher concentration of zinc in go#luted
samples corroborates the findings of Chukwuma, @@®ho found that zinc was higher in crude oil ptdd
soils than in non-polluted soil.

The high concentration of heavy metals has alsm lveported to negatively affect crop growth. Thghleir
concentration of salinity obtained for all the pdlluted samples compared with the unpolluted sarigsimilar
to the findings of Otu, (2002), who also reporteghlr concentration of salinity on petroleum-hydndaon
polluted sandy beach samples.

5. Conclusion

The growth of indigenous bacteria and fungi ondtiferent oils confirms their degradative abilitiyence, they
are responsible for the degrading activity in titess The physicochemical properties of the sod awater
showed that the soils are not good for agricultame the water, not good for consumption. This chdls
immediate bioremediation of the affected areas.stBiwulation, which is the stimulation of the indigeis
microorganisms by optimizing factors such as notge oxygenation, temperature, pH, and addition of
biosurfactants could be employed in the bioremamtiattrategy.
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Table 1: Physicochemical properties of oil polluted soil collected from Ondo and
Rivers Sates
Parameters Awoye Mese Oluwa Agbada Obite Bonny Unpolluted
Moisture 7795+13 7865+x12 77.89+x15 7985%+06 62.88+05 6151+21 7934%£1.2
content (%)
pH 6.4 £0.09 6.7 +£0.09 6.5 +0.03 3.9+0.05 4.7.640 4.6 £0.05 7.9 £0.09
Organic matter 5.88+1.8 4.75+1.4 497 £1.6 1.29+1.3 0.73+£1.2 0.69+2.0 596 +1.7
(%)
M agnesium 20+£23 2713 24+16 091+23 0.81+2.1 08919 28+14
(mg/k
Calgciugr)n 58+1.6 2314 4.8+2.2 1.74 £3.3 1.14 £ 0.9 101+£1.2 40+1.1
(mg/kg)
Sodium (mg/kg) 0.91+0.8 0.73x1.2 0.82 +3.2 0.421 +3.1 0.3233 0.329+1.9 0.71+1.4
Potassium 1.15+3.4 0.81+1.3 1.02+£2.6 0.319+25 0.206+1.7 0.303+1.0 1.74+£0.8
(mg/kg)
Phosphate 551+21 17511 23418 43+18 1203 1.00+31 588zx21
(mg/kg)
Nitrogen (%) 0.56+1.1 042+1.4 0.48+2.2 0427 0.3+21 0.3+£19 0.65+1.6
Organic carbon 3.41+0.9 2.76x1.0 3.01+0.8 412+1.1 4.0B% 4.23+0.8 2.00+£1.0
(%)
L egend:
Unpolluted control
Table 2: Physicochemical properties of il polluted water collected from Ondo and
Rivers Sates
Parameters Awoye Mese Oluwa Agbada Obite Bonny Unpolluted
pH 6.7+0.9 6.6+0.4 6.8+0.4 427+0.2 3.47+05 4.27+0.9 7.7+0.7
Conductivity 1188.9+1.3  1179.4+10 1197.3+1.9  1198.3+2.21189.6+2.4  1187.6+19  1102.5+3.2
BOD (mg/l) 30.7+3.3 302+23  30.9+3.0 326+24  315:08  343+11 23212
COD (mg/!) 405 +2.6 402+21  40.1%20 42.2+1.3 4273 41.6+3.2 302+1.1
Oil and grease 29.98+0.9  26.42+10 30.10+12 31.21+17 3212+0.8 3056+19 9.2x1.1
(mg/1)
NH5 (mg/l) 15.7+£0.7 15.0+£2.2 154+24 16.7£0.9 165k 16.2+3.0 72+22
Nitrates (mg/l) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Phosphates (mg/l) 0.11 +0.7 0.11+£1.9 0.01+0.8 0.32+2.1 0.8& 0.24+£2.1 0.03+£2.2
Salinity 19.59 £0.9 1952+£3.2 1950+24 20.34£3.2 20.76 £1.1 21.14+£0.9 19.2+£2.1
Lead (mg/l) 60 £ 0.7 60+0.9 62 +0.2 68 +0.7 69+1.1 602 2 30+£1.8
Zinc (mg/l) 0.161+1.1 0.162+1.8 0.169+0.9 0.165+2.3 0.167 +1.2 0.170+0.4 0.005+1.4
Iron (mg/l) 0.212+2.3 0.214+1.1 0.218+1.0 0.234+2.3 P25 0.212+15 0.01+1.2
Copper (mg/l) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Chromium (mg/l) O 0 0 0 0 0 0
Nickel (mg/l) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
L egend:
Unpolluted control
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