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Abstract: Remediation by Enhanced Natural Attenuation (RENA) was employed to remediate an oil
contaminated site in the Gokana Tocal Government Area of Rivers State, Nigeria between January and
September 2006. Mineral salt medium to which crude oil had been added was used as a sole source of carbon
and energy to isolate hydrocarbon utilizers from the sample collected from different plots of the contaminated
site. Two fungl, Articulosporium inflata and Zoopage mitospora, as well as five genera of bacteria,
Lactobacter, Arthrobacter, Bacillus, Pseudomonas and Micrococeus were 1solated and identified. The
microbial and physicochemical properties of the soil samples varied with the different plots and at different

periods of remediation.
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INTRODUCTI ON

Petroleum 15 at present Nigeria's and mdeed, the
world’s most important derived energy source (Moffat
and Linden, 2005; Nigerian Environmental Study Action
Team, 2006). However, the growth and activities of
petroleum and petroleum associated industries in Nigeria
and 1n other parts of the world has led to mncreased oil
pollution in our environment. Petroleum n its natural state
is called crude oil (Ukoli, 2003). Crude oil, because of its
characteristics, is one of the most significant pollutants in
the environment as it is capable of causing serious
damages to humans and the ecosystem (Okpokwasili,
1996). In this context pollution 1s defined as the addition
to any segment of the environment, any material which
has detrimental effect on the ecosystem (Aboribo, 2001).

The greatest single environmental problem connected
with crude oil exploration in Nigeria is oil spillage both
on-shore and off-shore. The rate of o1l spillage reported in
the country has been rising with a corresponding mcrease
1 petroleum production. Only a single spill was reported
in 1970, whereas in 2001, the number shot up to 14. In
2003, 105 spills were reported, 154 in 2004 and 216 in 2005
(Nigerian Environmental Study Action Team, 2006).

It 1s known that greater degradation of oil
pollutants 1s carried out in situ by a consortium of
microorganisms {Okpokwasili, 1996, 2003) and more
than 200 species of bacteria, fungi and even algae can
biodegrade hydrocarbons. The various genera that have
been reported to contain hydrocarbon-degrading species
mclude Pseudomonas, Vibrio, Corynebacte r1ium,

Arthrobacter, Brevibacterium, Flavobacterium,
Sporobolomyces, Achromobacte,, Bacillus, Aeromonas,
Thiobacillus, Lactobacter, Staphyvlococcus, Penicillium
and Articulosporium. These organisms have been
isolated in large numbers from many oil polluted waters
and soils, but are found m less numbers m
uncontaminated environments (Walworth and Reynolds,
1995; Okoh, 2003).

The principle by which a mixture of microorganisms
act together to bring about oxidation of complex
compounds is known as co-metabolism. This principle is
employed by oil companies in Nigeria to remediate oil
polluted sites in a process known as Remediation by
Enhanced Natural Attenuation (RENA). This i1s because
the microbial degradative mechamsms appear to be the
natural processes which eliminate the bulk of oil
pollutants after initial physical and chemical breakdown
has occurred (Floodgate 1984; Atlas, 1995).

Many studies have been conducted to isolate and
characterize hydrocarbon degraders from oil spill sites
but little have been done to determine the changes in
soil mineral nutrients and total petroleum hydrocarbon
as bioremediation of the spill site progresses. This
study will provide information on the effectiveness
of microorgamisms in eliminating oil pollutants from
the o1l polluted areas of the Niger delta region in
Nigena. Specifically, the experiment was designed to;
isolate and characterize hydrocarbon utilizing bacteria and
fungi from crude oil impacted soil samples and also
determine the extent to which the spilled crude oil has
been degraded.
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MATERIALS AND METHODS

Collection of soil samples: Soil samples used were
obtained from an o1l spilled area m the Gokana Local
Government Area of Rivers State, Nigeria, between
January and June 2006. The samples were aseptically
collected using soil sampler to a depth of 20cm, stored in
sterile aluminum foils and transported to the laboratory
within 48 h of collection. The spill site was cleared and
divided into 3 portions which were labeled A, B and C,
respectively. The spill site was cleared so as to allow for
easy access to the site, for easy determination of the
extent of spill and more importantly, for the construction
of windrows. Samples were collected from the different
parts of each portion and bulked for homogeneity.
Thereafter, windrows were constructed and leveled at
mtervals of two weeks so as to enhance the vaporization
of the volatile components of the spilled crude oil, to
ensure an even distribution of the spilled crude and to
expose the hydrocarbon degraders, which are basically
aerobes, to oxygen (Woods, 2005).

Enumeration of total heterotrophic bacteria and fungi in

the soil samples: One g of each sample was serially
diluted (107" to 1077, One ml. aliquots from dilutions of
107 and 10 were plated in duplicate on sterile
sabouraud dextrose agar plates while dilutions of 1077,
107" and 1077 were plated in duplicate on sterile nutrient
agar plates, using the pour plate method. Incubation was
carried out at 28+2°C for 7days for the sabouraud dextrose
agar plates and 37°C for 24 h for the nutrient agar plates.
Colonies on the plates were afterwards enumerated
according to the American Public Health Association
(1995).

Enumeration of hydrocarbon-utilizing bacteria and fungi:
One g of each sample was diluted serially (107" to 1077,
One mL from dilutions of 1074, 107, 107,10 and 1077
were plated in duplicate on pre dried mineral salt agar
using the spread plate technique. For the 102 and 107"
dilutions, 0.5 mL of streptomycin was added to the mineral
salt agar to suppress bacterial growth. A filter paper
saturated with sterile crude oil was aseptically placed on
the inside of the inverted Petri dishes and the culture
plates were incubated for 7days at 28+2°C for fungi and 4
days at 37°C for bacteria. Plates yielding 30 to 300
colonies were afterwards enumerated for bacterial isolates.
Plates with fungal colonies were also enumerated.

Isolation and characterization of hydrocarbon-utilizing
bacteria and fungi: Colomes of different hydrocarbon
utilizing bacteria and fung: were picked randomly using a
sterile inoculating wire loop and subcultured to punify, by
streaking on nutrient agar plates and sabouraud dextrose

37

agar plates, respectively. The plates were incubated at
30°C for 24 h and at room temperature for 3 days,
respectively to obtain pure colomes. All the isolates were
characterized using the techniques of Carpenter (1977),
Gerhardt ef al. (1981) and Bargey’s (1994).

Determination of total petroleum hydrocarbon: Fourier
Transform Infrared Spectrophotometer (FTIR, Genesis
Series) was used for the test. Prior to analysis the soil
samples were extracted with carbon tetrachloride and
treated with 2% deactivated silica gel. The equipment was
calibrated with isooctane/octane in carbon tetrachloride.
TPH concentrations in the samples were determined by
using the stored calibration graph in the software of the
equipment as a reference.

Moisture content determination: A weighed amount of
the soil sample was placed in a weighed crucible and dried
at 105°C in the oven until a constant weight was reached.
From the difference in weight, the percentage moisture
content was calculated.

Phosphate content determination: Samples were extracted
with 25% acetic acid and the extract run on the Unicam
UV/visible spectrophotometer at a wavelength of 700 mm.
A spike sample was analyzed in every batch of analysis.
A standard was analyzed after every batch of samples and
the first value of the standard was used to plot the means
comntrol chart.

Nitrate and pH determination: Soil samples were extracted
with sodium acetate in the presence of sulphuric acid and
measured at a wavelength of 470 nm using Umnicam
UV/ivisible spectrophotometer. To assess the pH,
electrodes of a multimeter were dipped into a mixture of
soil sample and deionized water. The pH values of the
samples were subsequently read on the multimeter.

Total organic matter content determination: 500 mg of
soil sample was mixed with 25 mI chromic acid in a 250 m1.
comnical flask. The mixture was boiled for 1 by, allowed to
cool and diluted with 100 mL of water. This was followed
by the addition of 5 mL of indicator solution and titration
of dichromate with ferrous ammonium sulphate solution.
2.5mL of dichromate mixture was further added when the
first colour change occurred and the titration was
completed drop wise. A blank determination was carried
out and subtracted as shown below. For example: If T mL
of ferrous Ammomum sulphate 1s used in the titration,
then: Percentage organic matter was expressed as;

"o (2.7-T)mLx0.12
0 0=
Sarmple weight or sample volume
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Analyses of physicochemical properties of the soil
samples were performed according to the American
Society for Test and Materials-ASTM (1998).

Statistical analysis of data: All the data obtained were
subjected to statistical Analysis of Variance (ANOVA)
using computer-aided SPSS statistical program. All the
means were separated and compared usmg Duncan
Multiple Range Test at 5% level of sigmificance.

RESULTS

Microbial counts and identification: The hydrocarbon
utilizing microbial isolates encountered were two fungi,
Articulosporium inflata and Zoopage mitospora, as well
as five genera of bacteria, Lactobacter, Arthrobacter,
Bacillus, Pseudomonas and Micrococcus were 1solated
and 1dentified. Bacillus spp and Zoopage mitospora were
more frequently isolated among the bacteria and fungi,
respectively.

The counts of the Total Heterotrophic Bacteria (THB)
in crude oil polluted soil ranged from 4.10x10 to
2.73x10" cfu g™, while in the crudeoil free soil (control),
the counts ranged from 3.00x10° to 2.99x10" cfu g~' of
soil. Generally, the THB counts were higher in crude oil
free soil than m crude oil polluted soil. However,
statistical analysis revealed that the difference m counts
between the two sites was not significant (p<0.05). There
were higher counts of Hydrocarbon Utilizing Bacteria
(HUB) in crude oil polluted soils (3.60x10° to
7.60x10" cfu g™ of soil) than crude oil free soil (1.33x10"
to 1.66x10" cfu/g of soil) (Table 1).

The counts of Total Heterotrophic Fungi (THF)
ranged from 2.10x10° to 1.06x10° cfu g of soil in crude
oil pelluted soil and from 2.67x10% to 3.02x10° cfu g™ of
soil in crude o1l free soil. On the other hand, the counts of
Hydrocarbon Utilizing Fungi (HUF) ranged from 2.0x10"
to 2.31x10° cfu g of soil in crude il polluted soil and
1.1x10" to 2.0x10" cfu g™ of soil in crude oil free soil
(Table 2). The difference in counts between the 2 sites for
THF was not sigmficant (p=0.05), but there were
significant differences in the total counts between the 2
sites for HUF (Table 2).

Physicochemical properties: The pH of crude oil polluted
soil ranged from 4.00-4.54 while that of crude o1l free soil
ranged from 4.52-4.85. The pH values of crude o1l polluted
soil were significantly lower compared to those of
crude o1l free soil. The TOC of crude o1l polluted soil
(1.49-3.13%) was higher than that of crude o1l free soil
(1.26-1.90%). The nitrogen level of the crude oil polluted
soil ranged from (3.00-6.00%), while that of crude o1l free
soil ranged from (1.51-2.86%), mdicating the availability of
more nitrogen in the polluted soil than the free soil. The
values were sigmficantly different, (p<0.05)

The available phosphorus level of crude o1l polluted
soil (0.16-0.69) was higher than that of crude oil free
so1l (0.10-0.29) and the differences were also significant,
(p = 0.05). However, the MC of crude oil polluted soil
(5.60-8.20%) was lower than that of crude oil free soil
(10.44-13.71%) and statistical analysis showed a
significant difference between them (Table 3-6). In the
crude oil polluted soil, the TPH decreased sharply
through the mvestigation period wlle the decrease mn the

Table 1: Total heterotrophic and hydrocarbon utilizing bacterial counts (cfu mL™!) in samples 1-4

Sample 1 Sample 2 Sample 3 Sample 4

% of HUB % of HUB % of HUB % of HUB
Plot THB HUB to THB THB HUB to THB THB HUB to THB THB HUB to THB
A 2732107 5.00x<1(F 0.018315 4.55x10° 1.95<10° 42.85714 4.10<10¢  3.22x10¢  78.53659  4.90x10° 7.60x10¢ 155102
B 3.00<10F  1.02x10¢ 0.34 5.10x10°  2.06<10*  4.039216  4.27<10¢  2.97x10¢  69.55504  940x10°  6.20x10°  6.595745
C 1.20x107  3.60x10° 0.03 5.00x10°  1.50x10%  3.00 201x10°  3.81x10° 13.00278  1.79x10° 530x10*  0.296089
Ctl 2.95x10"  1.62x10% 0.054915  2.730x107 1.37<10* 0.050183 2.91=1¢" 1.53x10¢ 0.052577 3.00x10° 1.44x1¢0¢ 0.48
Ct2  2.76x10° 1.41x1¢° 0.051087  2.81x107 1.33x10*  0.047331 2.99«<1¢" L.66x10¢ 0.055518 3.17x10°  1.39x10"  0.438486

Key: THR-Total Heterotrophic Bacteria Sample 1-Soil samples collected prior to remediation HUR-Hydrocarbon Utilizing Bacteria Sample 2-Soil samples
collected 6 weeks into remediation CFU-Colony Forming Unit Sample 3-Soil samples collected 12 weeks into remediation Ct 1 and Ct 2: Control 1 and
Control 2 Sample 4-Soil samples collected 18 weeks into remediation

Table 2: Total counts (cfis mL™") of heterotrophic and hydrocarbon utilizing fungi in samples 1-4

Sample 1 Sample 2 Rample 3 Sample 4

% of HUF % of HUF % of HUF % of HUF
Plot THF HUF to THF THF HUF to THF THF HUF to THF THF HUF to THF
A 4.90<1¢°  5.0x10'  10.20408 430x10°  1.07x10° 24.88372  3.77<10° L60x10° 4244032  5.30x10° 2.31x10° 43.58491
B 2.50<10°  4.06x100  16.24 243x108  1.08<107 4444444 210<107  1.33x10%  63.33333  5.09x10° 1.90x1(F 37.32809
c 4.06<10F  2.0x10! 4926108 2.11x107  1.10<10? 521327 5.00<10%  2.30<10° 46 1.06x10°7  1.10x1%%  10.37736
Ctl  2.80x10*  1.6x10' 5.714286  2.67x107  1.9x1¢ 7116105 3.02¢107  1.8x10 5.960265 2.75x10°  2.0x10! 7.272727
Ct2  290x1¢*  1.1x10 3.793103  2.79=10¢°  1.1x1¢' 3.942652  2.81x1¢F  1.3x1¢¢ 4.626335 2.70x1¢*  1.5x10! 5.555556

KEY THF-Total Heterotrophic Fungi Sample 1-Soil samples collected prior to remediation HUF-Hy drocarbon Utilizing Fungi Sample 2-Soil samples
collected 6 weeks into remediation SFU-Spore Forming Unit Sample 3-Soil samples collected 12 weeks into remediation Ct 1 and Ct 2: Control 1 and
Control 2 Sample 4-Soil samples collected 18 weeks into remediation
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Table 3: Physicochemical properties of soil samples collected prior to remediation

Parameter Method Plot A Plot B Plot C Control 1 Control 2
TPH GC(FID) 291.30 379.7 353.2 54.46 142.7
TOC Titrimetry % 2.57 2.77 2.18 1.86 1.56
N UV/Spectrophotometer®o 355 3.00 3.26 1.51 2.00
PO, UV/Spectrophotometer 0.67 0.41 0.69 0.19 0.23
pH Electrometry 4.33 4.24 4.00 4.52 4.52
MC % 6.00 6.00 5.80 10.44 11.00
Table 4: Physicochemical properties of soil samples collected 6 weeks into remediation

Parameter Method Plot A Plot B Plot C Control 1 Control 2
TPH GC(FID) 207.50 302.2 276.2 45.38 57.48
TOC Titrimetry %o 1.956 1.752 1.494 1.26 1.40
N UV/Spectrophotometer®o 4.62 397 4.11 2.17 2.61
PO, UV/Spectrophotometer 0.16 0.35 0.24 0.10 0.17
pH Electrometry 4.36 432 4.20 4.67 4.61
MC % 6.56 5.60 6.20 12.62 13.51
Table 5: Physicochemical properties of samples collected 12 weeks into remediation

Parameter Method Plot A Plot B Plot C Control 1 Control 2
TPH GC(FID) 103.6 186.5 157.2 35.76 53.44
TOC Titrimetry %o 2.46 2.81 2.61 1.87 1.70
N UV/Spectrophotometer®o 6.00 5.55 4.98 2.77 2.86
PO, UV/Spectrophotometer 0.46 0.39 0.39 0.25 0.13
pH Electrometry 441 4.41 4.35 4.80 4.73
MC % 7.11 7.50 7.00 12.59 12.97
Table 6: Physicochemical properties of samples collected 18 weeks into remediation

Parameter Method Plot A Plot B Plot C Control 1 Control 2
TPH GC (FID) 86.10 68.79 54,72 25.97 37.30
TOC Titrimetry %o 2.97 3.13 3.00 1.90 1.79
N UV/Spectrophotometer®o 537 5.20 4.50 2.02 1.90
PO, UV/Spectrophotometer 0.55 0.49 0.66 2.29 0.20
pH Electrometry 4.50 4.45 4.54 4.85 4.82
MC % 8.00 7.60 8.20 13.71 12.62

Key: TPH-Total petroleum hydrocarbon PO,-Phosphate content pH-Soil acidity/alkalinity TOC-Total crganic matter content C-Moisture content NO;-Nitrate

content

crude o1l free soil was gradual and statistically, the
difference in the TPH level between both socils was
significant (p<0.05).

DISCUSSION

The results of the study indicated that the Total
Heterotrophic Bacteria (THB) counts varied over the
period of 18 weeks. The difference in counts may be due
to changes 1n the physicochemical properties of the soil
However, the difference in counts of THB and THF
between the crude oil polluted soil and the crude oil free
soil was mnot sigmficant, probably due to rapid
biodegradation of the crude oil in the soil. The counts of
Hydrocarbon Utilizing Bacteria (HUB) in crude o1l polluted
soil were higher than those of the crude oil free soil
Statistical analysis revealed that the difference was not
significant (p=0.05). The reason for higher counts m crude
oil polluted soil may be due to the presence of residual
crude o1l in the polluted soil which boosts the carbon
supply in the soil, hence favor the growth of the
hydrocarbon utilizing bacteria as compared to crude oil
free soil (Ijah and Abioye, 2003; jah and Antai, 2003).

39

The bacterial counts in both polluted and free soil
where higher than the fungal counts in both soils and the
HUF count i the polluted soil was higher than that of the
crude oil free soil. The higher counts of bacteria compared
to fungi may be as a result of the nutrient status of the
soil (TJobson ef al, 1979) and the presence of some
toxic components which do not favor fungal growth
(Colwell and Walker, 1977).

The pH values of crude o1l polluted soil were lower as
compared to those of crude o1l free soil, a finding, which
15 1 line with the report of Ljah and Abioye (2003). The
decrease m pH value may be due to increased degradation
of crude o1l by microorgamsms in the soil, resulting n
accumulation of acidic metabolites. However, the moisture
content of crude o1l polluted soil was lower than that of
crude o1l free soi1l. This may be due to the fact that crude
o1l can coat the soil and consequently prevent the
penetration of water compared to kerosene that was used
m their study.

Both mtrogen and phosphorus levels were higher in
crude o1l polluted soil than crud oil free soil. This agrees
with the finding of Odu (1972), who reported mecrease in
nitrogen and phosphorus contents of a crude o1l polluted
soil. The reason could be due to higher organic matter
content of the polluted so1l.
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The rate of crude oil biodegradation in the soil seems
to be rapid. This may be due to the fact that the
microorganisms in the soil have efficient ability in utilizing
the residual crude oil as a source of carbon and energy
(Tjah and Antai, 2003). Crude oil contains hydrocarbon
and does attack by microorganisms
(Atlas, 1995). The hydrocarbon utilizing microorgamsms
1solated from the soil were species of Bacillus,
Lactobacter, Arthrobacter, Pseudomonas, Micrococcus,
Zoopage and  Articulosporium. species
predominated, especially in the crude oil polluted soil
This may be due to the ability of the orgamsms to
produce spores, which may shield them from the toxic
effects of the hydrocarbons.

not  resist

Bacillus

CONCLUSION

In conclusion, the study shows that there was
residual crude o1l m the soil after 18 weeks of
mvestigation. The study also shows that the
physiochemical properties of the soil were significantly
affected (p<0.05). Finally, the study has shown that
Remediation by Enhanced Natural Attenuation 1s effective
1 the clean up of polluted sites in the Niger Delta.

REFERENCES

Aboribo, R.I., 2001. Oil Politics and the Niger Delta
Development Commission. The Tussle for Control
and Domination. Afri. I. Environ. Studies, 2: 168-175.

American Public Health Asscciation, 1995, Standard
Methods for the Examination of Secil and Waste
Water (19th Edn.), Washington D.C.

ASTM., 1998. Standard guide for remediation of soil
by natural attenuation at petroleum release sites
E-1943-98. West Conshohocken, Pennsylvania.

Atlas R M., 1995. Bioremediation of Petroleum Pollutants.
Int. Biodeterioration and Biodegradation, 35: 317-327.

Bargay’s Manual, 1994, Bargay’s Mamal of
Determmative Bacteriology (9th Edn.), Holt, I.G.,
(Eds.) Williams and Wilkins, Baltimore M.d.

Carpenter, P.L., 1977. Microbiology 4th Edn.,, W.B.
Sanders Company, Philadelphia, 57: 401-402.

Colwell, RR. and I.D. Walker, 1977. Role of autochtonous
bacteria in the removal of spilled oil from sediments.
Environ. Pollu., 12: 51-56.

40

Floodgate, G.D. (1984). The Fate of Petroleum in Marine
Environment, Tn: Atlas, R.m (Ed.). Petroleum
Microbiology. Macmillan Publishing Co. New Yorl,
pp: 355-397.

Gerhardt, P., R.G.E. Murray, R. N. Costilow, E'W. Nester
and W.A. Wood et al., 198]1. Manuals of Methods

for General Bacteriology. American Society
Microbiology.
LHah, J. and SP. Antai, 2003, Degradation and

Mineralization of crude o1l by Bacteria. Lett Applied
Microbiol., 12: 72-76.

Tjah, UJTJ. and O.P. Abioye, 2003. Assessment of
physicochemical and microbiological properties of
soil 30 months after kerosene spill, T. Res. Sci.
Manag., pp: 24-30.

Tobson, A M., F.D. McLaughlin and D.W. Westlake, 1974.
Effects of amendment on microbial utilization of oil
applied to soil. J. Applied Microbiol., 27: 166-170.

Moffat, A.O. and P. Linden, 2005. Perception and reality.
I. Environ. Sci. Tech., 1: 283-297.

Nigeran Environmental Study Action Team, 2006.
Nigerian threatened environment: A Natural Profile.
pp: 43-48.

Odu, TK., 1972, Microorganisms
pollutants. Bioscience, 28: 387-369.

Okoh, AT, 2003. Biodegradation of bonny light crude oil
in soil microcosm by some bacterial strains isolated
from crude oil flow stations’ saver pits in Nigeria.
Afr. J. Biotech., 2: 104-108.

Okpokwasili, G.C., 1996. Microbial Degradation of
Petroleum Hydrocarbon by Brackish Water Isolates
m Nigerian Wetlands. Akpata, T.v.1. and Aven Okoli
(Eds.). the Nigerian Man and the Biosphere. (M.ab-5)
National Committee, pp: 138-146.

Okpokwasili, G.C., 2003. Biodeterioration potentials of
microorganisms isolated from car Eng. Lubricating
Oil. Tribol. Int., 21: 215-220.

Ukoli, MK., 2003. Environmental Factors in the
Management of the Oil and Gas Industries in Nigeria.

Walworth, ... and F. Reynolds, 1995, Bioremediation of
a petroleum contammated cryic soil: Effects of
Phosphorous, Nitrogen and Temperature. J. Soil
Contamina., 4: 299-310.

Woods, T.A, 2005
contaminated sites. J. Environ. Studies, 2: 126-129.

and petroleum

Remediation metheds for



