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Abstract

This study was aimed at determining the effect of varying concentration of crude oil pollution on the macro-
nutrients in the soil. Various macro-nutrients (such as soil ammonium concentration, soil nitrate concentration, and
available phosphorus), oxidizable organic carbon, and total petroleum hydrocarbon were determined. The result
revealed that as the time increases, the oxidizable carbon, which is also a function of the organic matter decreases,
which is as a result of the conversion of carbon to carbon (IV) oxide during cellular metabolism. This decrease
showed that there was an increase in the activity of that leads to the breakdown of the carbon components in the
soil. The soil phosphate concentration determination did not show any pattern in their increase or decrease, which
shows that increase in crude oil concentration, did not significantly affect the phosphate concentration in the soil.
The soil ammonium concentration increased from 24" hour to 168™ hour but decreased before the end of the
experiment. This increase could be attributed to ability of the Azotobacter vinelandii to fixed nitrogen as an innate
responsibility, while Pseudomonas sp. which is known to contain nitrogen fixing genes. The result also showed that
there is a constant increase in soil nitrate concentration which is affected as the concentration of the pollutant (crude
oil) increases. This study has shown that the consortium of these organisms can be used as a bio-fertilizer as well

as in bioremediation.
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Introduction

Crude oil is a complex mixture of various hydrocarbons, which are
made up various aliphatic and aromatic hydrocarbons [1]. They also
contain poly aromatic hydrocarbons (PAHs) which are recalcitrant.
The dependency of crude oil as a major source of energy in Nigeria,
has led to the pollution of different environment (land/soil, water and
air). The causes of these pollutions include; exploration, exploitation,
storage, transportation, vandalization, bunkering and gas flaring
[2]. These have led to the introduction of various pollutants into the
environments that have been implicated in the depiction of microbial
flora in the soil, death of aquatic organisms, the depletion of the
ozone layer and the formation of acid rain. Most of these pollutants
such as the PAHs have been implicated in cancer, mutation etc [3].
In the soil and land environment, crude oil pollution has been
known to affect agricultural yield as it hinders plant growth. Due to
these effects of crude oil pollution, it then becomes necessary that
oil spills are cleaned up as quickly as possible. One of the methods
used in cleanup of the environment is the use of microorganism or
products of microorganism known as bioremediation. The essence of
bioremediation is not just to remove the pollutants, it also to restore
the environment to its habitable form. Therefore physical methods
of remediation are not employed. Pseudomonas species have been
employed in the remediation of crude oil environment [4] due to its
ability to biodegrade crude oil using it as a carbon source for generation
of biomass and energy. But for the organisms to carry out their cellular
activity, the supply of other macronutrient such as nitrogen and
phosphorus are very necessary. Nitrogen been are major component
of amino acid, purines and pyrimidines is required for the formation
of proteins. RNAs and DNAs [5]. These control the functions of the
organism to a large extent. Phosphorus have been involved in the
formation of phospholipid which are involved in cell wall formation
and also in the production of energy carriers, such as ATP, GTP, UTP,
TTP, CTP etc. Pseudomonas are known to solubilize phosphorus from

the soil [6], while Azotobacter vinelandii fix atmospheric nitrogen into
the soil [7], both organisms thereby act as a biofertilizer for the supply
of these macronutrient. Therefore this study is aimed at determining
how different concentration of crude oil in soil can affect carbon,
nitrogen and phosphorus content in the soil.

Materials and Method
Crude oil

The Crude oil used was gotten from the Directorate of Petroleum
Resources Port-Harcourt, Rivers State Nigeria,

Soil

The soil samples that were used in this study were obtained from
the Agric Farm, Department of Agriculture, University of Nigeria, and
Near Green House.

Microorganism

Two microorganisms were used in the course of the research. The
Pseudomonas species was gotten from the culture collection Centre
Department of Microbiology, University of Nigeria, Nsukka while
the Azotobacter vinelandii was isolated from the soil around the
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postgraduate laboratory, Department of Biochemistry, University of
Nigeria, Nsukka using Azotobacter vinelandii specific media.

Determination of the remaining Total Petroleum
Hydrocarbon (TPH) the modified methods of Ubani et al.

One gram (1 g) of soil was put in a test-tube and ten milliliter (10
ml) of Chloroform/Ethanol mixture (1:1) was added. The mixture was
agitated for 5 minutes and then allowed to stand for 10 minutes. The
sample was then filtered and the absorbance of the filtrate was taken
at 520 nm using chloroform/Ethanol mixture (1:1) as a blank. The
quantity of crude oil was estimated using a crude oil standard curve.

Determination of soil percentage oxidizible organic carbon,
Total Organic Carbon and Organic Matter

Two grams (2 g) of dried soil was transfer to a 500 mL Erlenmeyer
flask, and 10 mL of 0.167 M K,Cr,O, was added by means of a pipette.
20 ml of concentrated H,SO, was and swirl gently to mix, (Excessive
swirling was avoided to prevent the organic particles from adhering
to the sides of the flask out of the solution). The mixture was allowed
to stand on an insulation pad for about 30 minutes. Then 200 ml of
distilled water was used to dilute the suspension so as to provide a
clearer solution for viewing the endpoint. Then 10 ml of 85% H,PO,
was added and 0.2 g of NaF was also added. The H,PO, and NaF
are added to complex Fe** which would interfere with the titration
endpoint. 10 drops of ferroin indicator was added and then titrated
with 0.5 M Fe?*. The color of the solution at the beginning is yellow-
orange to dark green, depending on the amount of unreacted Cr,0,*
remaining, which shifts to a turbid gray before the endpoint and then
changes sharply to a wine red at the endpoint.

The organic carbon and organic matter percentages where
calculated thus:

a. Percentage easily oxidizable organic C
(B-S)*M of Fe** x12 x100

grams of soil x4000
B = ml of Fe?* solution used to titrate blank

%C=

S = ml of Fe?* solution used to titrate sample
12/4000 = milliequivalent weight of carbon in grams

To convert easily oxidizable organic C to total C, divide by 0.77
(or multiply by 1.30) or other experimentally determined correction
factor.

b. Percentage organic matter (OM)

0,
% OM=%=%C x1.72

Determination of phosphorus concentration (Ascorbic Acid
Method Procedure)

Two grams (2 g) of soil was weighed in a boiling tube, 20 ml of
the extracting solution was added and the soil mixture was agitated
for 5-10 mins. It was allowed to stand for 30 mins with occasional
agitation every 8 mins. At the end of the 30 mins, it was filtered and
the filtrate was collected. 2ml of the filtrated was then. Add to 8 mL
of working solution in a test — tube. It was thorough agitation and
mixing occurs. The mixture was allowed to stand for 10 minutes for
color development before taken the absorbance at 882 nm. Read
percentage of transmittance or optical density on a colorimeter or
spectrophotometer set at 882 nm. Color is stable for about 2 hours.

A standard curve was prepared by pipetting a 5 ml aliquot of each
working standard, developing color and reading absorbance in the
same manner as with the soil extracts. The absorbance was plot against
concentration of working standards. The concentration in soil extracts
was determined from absorbance and the standard curve.

Determination of soil ammonium

One milliliter 1 mL of solution soil extract was put into a test-
tube; 5.5 ml of buffer solution was added and agitated for 5 minutes.
4 ml of salicylate/nitroprusside solution was added and also 2 ml of
hypochlorite solution was added and mixed properly. The mixture was
allowed to stand for 45 mins at 37°C. The absorbance was taken at 650
nm with 2 hours.

Determination of soil nitrate

Twenty grams (20 g) of soil was weighed into a 100 ml beaker and
50 ml of extracting solution was added. It was agitated for 5 minutes
and the potential was read in millivolts (mV) using a millivolt meter,
while the mixture is being stirred. The concentration of NO, - N, was
determined using the standard curve.

Record the millivolt reading (if using a calibration curve technique)
or read the NO,-N concentration directly from a pH/ion meter.

Results and Discussion

The use of micro-organisms to decontaminate the environment
(Bioremediation), is being increasingly seen as an effective,
environment- friendly treatment for crude oil contaminated sites.
Large quantities of organic and inorganic compounds are released
into the environments every year as results of anthropogenic activities
thereby causing serious environmental problems [8]. The result of
this study reveals Azotobacter vinelandii possesses the ability to
breakdown crude oil in the soil (Figure 1). Azotobacter vinelandii is
an autotroph which has the natural ability to fix atmospheric nitrogen
into the soil and improve soil fertility [9]. This it does with the aid of
nitrogenase complex (EC1.18.6.1) [10]. Some Azotobacter sp. such
Azotobacter chroococcum has been reported to breakdown crude oil,
emulsifies waste motor oil and other fractions petroleum indicating its
potentiality in utilization of various hydrocarbons [11]. Azotobacter
sp are not known to possess the ability to breakdown crude oil but
they have the ability to pick up plasmids from the environment [12],
which confers on them the properties which they naturally do not
possess. Most adapted strains of Azotobacter sp possess the ability to
breakdown crude oil. Figure 1 also showed that the rate of breakdown
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Figure 1: The concentration of TPH in the soil containing Azotobactervinelandlii.
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of crude oil was low in the first 196 hrs. of the experiment; this is due to
the time taken for the organism to produce the enzymes necessary for
the breakdown of crude oil.

The TPH concentration in the soil seeded with Azotobacter
vinelandii

Figure 1 shows the amount of total petroleum hydrocarbon (TPH)
that is remaining in the soil. The figure shows that there is a gradual
decrease in the TPH concentration with time. This decrease was found
in all the groups from 0.1% contamination to 10.0% contamination.

The concentration of TPH in the soil containing Pseudomonas sp
in Figure 2 showed that there is also a decrease in the amount of TPH
in the soil with time. This is because of the ability of Pseudomonas sp to
utilize crude oil as a carbon source [13,14].

During this process, biosurfactants are produced which helps to
reduce the surface tension of crude oil thereby making the oil to be
soluble in aqueous solution thereby making the crude oil available for
microbial attack. Pseudomonas also produces lipase which helps in the
degradation of lipids [15].

Ithave been reported that Pseudomonas sp possesses genes that code
for enzymes such as catechol dioxygenase, alkane 1-monooxygenase
and alkane sulfonate monooxygenase [16] that help in the breaking
down of hydrocarbon chains.

120

Y —— 0.1% Contamination
- & 0.5% Contamination
100 ® —>* - 1.0 % Contamination

— QK;T 5.0 % Contamination
@ 10.% Contamination

>K P
(]

= K -

" lE—
0

0 100

Amount of TPH remaining (mg/100g
of soil)
o
S

2 300 400
Time 8—?ours)

Figure 2: The concentration of TPH in the soil containing Pseudomonas sp.

—_
o3
[=}

—®— 0.1% Contamination
& 0.5% Contamination

—_
(=3
(=}

%‘] P — % - 1.0 % Contamination
~§ - ﬁ-) ) — X— 5.0 % Contamination
EZ80 = ® ® - 10% Contamination
=g

m =

& 260

=S P
3, |ew O

£ Eo0 *— —x

E

<

f

o
Co—
- u—-T
0 100 200 300 400 500
Time (Hours)

Figure 3: The concentration of TPH in the soil containing a consortium of
Azotobactervinelandii and pseudomonas sp.
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Figure 4: The Percentage Oxidizable Organic Carbon in soil containing
Azotobactervinelandii.

The result also showed that Pseudomonas possess the ability to
breakdown high concentration of crude oil thereby withstanding to
some extent the toxicity of crude oil.

The concentration of TPH in the soil containing Pseudomonas in
Figure 3 showed that there is also a decrease in the amount of TPH in
the soil with time. The result shows that the consortium broke down
more of the pollutants (crude oil) when compared with the individual
organisms. This is as a result of the synergism that exist between the
organisms [17].

The percentage oxidizable organic carbon in soil containing
Azotobacter vinelandii.

The percentage of oxidizable organic carbon was observed to
increase as the concentration of crude oil in the soil increases due
to the fact that crude oil contains oxidizable carbons. As a result,
the percentage of oxidizable carbon can be used to a parameter to
determine the degradation ability of the microorganism [18,19].

Figures 4-6 show the gradual decrease in the percentage of
oxidizable carbon as the time increases. It was also observed that the rate
of decrease was high within the first 196 hrs of the experiment which
is also corresponding to the period of rapid growth of the organisms.
It could also be observed that at high concentration of the crude oil
(10%, 5% and 1% contamination) there was a decrease in the rate of
utilization of the oxidizable carbon (Figure 4). This might be as a result
of the presence of some recalcitrant polyaromatic hydrocarbon PAH in
the crude oil which might to be easily degraded be the organisms such
as Azotobacter vinelandii or that the toxicity of crude oil increases with
increase in percentage of crude oil contamination which might inhibit
the metabolic activities in the organisms. Azotobacter sp are used as
biofertilizers due to their ability to utilize oxidizable carbon for energy
and fix nitrogen in the soil [20]. Probably, this may be the reason why
Azotobacter sp is readily found in the soil environment.

The percentage oxidizable organic carbon in soil
containing Pseudomonas sp.
The Figure 5 reveals a decrease in the percentage of oxidizable

organic carbon in the soil containing Pseudomonas as was observed
in Figure 4.

It was also observed that there was a continuous reduction in
percentage of oxidizable carbon. Some species of Pseudomonas have
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Figure 6: The Percentage Oxidizable Organic Carbon in soil containing a
consortium of Azotobactervinelandiiand Pseudomonas sp.

been found to remove organic carbon during denitrification reactions
using them as electron donors during the process [21]. Pseudomonas sp
have been known to breakdown long chain hydrocarbon utilizing them
for growth and energy [22], therefore the continuous reduction in the
percentage of oxidizable organic carbon could also be attributed to this
ability the was naturally conferred on Pseudomonas sp.

The percentage oxidizable organic carbon in soil containing
a consortium of Azotobacter vinelandii and Pseudomonas sp.

Figure 6 show the levels of oxidizable organic carbon in the soil
containing a consortium of Azotobacter vinelandii and Pseudomonas
sp. and the result reveals that there was a reduction in the organic
carbon as the level of contamination increase although the result shows
that at higher concentration of crude oil, that the change in the level of
oxidizable carbon did not change significantly. Rathore [23] has shown
that there is an existing synergism existing between Azotobacter sp and
Pseudomonas sp in promoting the growth of plants. Therefore, one
would have expected synergism between the organisms in reducing the
oxidizable organic carbon but rate of reduction was not quite different
when compared with the individual organisms. This probably show
that to some extent that there are some level of inhibition existing
between the organisms even though it did not affect the growth of
the organism due to the fact that both organisms could be depending

on different substrates for energy and growth in which one organism
might be depending on the product of the second organism.

The soil phosphate in soil containing Azotobacter vinelandii

The result in Figure 7 which shows the available soil phosphate
concentration in the soil containing Azotobacter vinelandii revealed
increasing concentration of phosphate in all the groups after 168 hours
but decreased gradually in all the levels of contamination before 336
hours. The increase in phosphorus concentration also increases with
in biomass (growth pattern) of the organism. Therefore as the biomass
(Azotobacter vinelandii) increases, soil phosphate concentration
increases because the organism possesses genes for phosphate
solublization, even though they are expressed at a reduced rate. The
initial rise in the soil available phosphorus was due to the ability of
organism to solubilize phosphate in the soil. But as the concentration
of phosphorus in the environment increases, there is a feedback
inhibition of phosphatase activity by phosphate [24] which inactivates
phosphorus solubilization.

The soil phosphate in soil containing Pseudomonas sp

The result in Figure 8 which shows the available soil phosphate
concentration in the soil containing Pseudomonas sp. revealed higher
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concentration of phosphate in all the groups after 168 hours but
decreased gradually in all the levels of contamination. Pseudomonas sp
are known to solubilize phosphate [6,25,26].

At the 168 hour, the concentration of available phosphate was
lowest in soil sample with 10% contamination. This could be attributed
to the toxicity of the pollutant. Also the control showed low available
phosphate which could be attributed to the concentration of carbon
source. According to Isolation and characterization of phosphate
solubilizing bacteria (Klebsiella oxytoca) with enhanced tolerant to
environmental stress [27].

The soil phosphate in soil containing Azotobacter vinelandii
and Pseudomonas sp

The results (Figure 9) also show that there was an increase in the
control group, 0.1% up to 168 hr and then the decrease sets in gradually.
The variation at the 24" hour might be as a result of the variations in
the localization of phosphate in the soil. But on the general note, it
was observe that available concentration of phosphorus increase till
the 168hr as was observed in the previous charts before a gradual
decrease which could be attributed to microbial utilization of the free
phosphorus.

The ammonium concentration in soil containing Azotobacter
vinelandii

The concentration of the soil ammonium was found to increase
in all the group up to about 96hours and then a gradual decrease was
observed although the decrease did not follow a sequential other as
seen in Figure 10.

The ammonium concentration in soil

Pseudomonas sp.

containing

The result in Figure 11 shows a sharp increase in the ammonium
concentration in the soil from 24hours to 96 hours and after 168 hours,
a gradual decrease was observed.

The ammonium concentration in soil containing a consortium
of Azotobacter vinelandii and Pseudomonas sp.

Figure 12 also shows an increase in ammonium concentration
in the soil from 24hour to 168 hour in all the groups but a sharp
decrease was observed between 336 hour to 504 hours in all the levels
of contamination.
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Figure 9: The concentration of Phosphate in soil containing a consortium of
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Figure 11: The concentration of Ammonium in soil containing
Pseudomonas sp.

The nitrate concentration in soil containing Azotobacter
vinelandii

The result of Figure 13 show that there was an increase in the nitrate
concentration as the time increases but decreased with an increase in
the percentage contamination.

The nitrate concentration in soil containing a consortium of
Pseudomonas sp.

Figure 14 shows that there was a decrease in the nitrate
concentration as the levels of contamination increase that is from 0.1%
crude oil contamination to 10.0% crude oil contamination. It was also
observed that the nitrate concentration increased with time. Although
there is an unusual decrease at 5% crude oil contamination.

The nitrate concentration in soil containing a consortium of
Azotobacter vinelandii and Pseudomonas sp.

Figure 15 above showed that there was a decrease in the soil
nitrate concentration as the percentage of crude oil contamination
increases. On the other hand, it was observed that was an increase in
the nitrate concentration of the soil containing the consortium as the
time increases. Although at the 336™ hour in the consortium, there

J Pet Environ Biotechnol
ISSN: 2157-7463 JPEB, an open access journal

Volume 6 - Issue 2 + 1000206



Citation: Oje Obinna A, Ubani Chibuike S, Onwurah INE (2015) Variation in the Carbon (C), Phosphorus (P) and Nitrogen (N) Utilization during the
Biodegradation of Crude Oil in Soil. J Pet Environ Biotechnol 6: 206. doi:10.4172/2157-7463.1000206

control
4— 0.1 % Contamination
—>*— 0.5 % Contamination
—*— 1.0 % Contamination
®— 5.0 % Contamination
—+—10.0 % Contamination

Ammonium Concentration (mg/100g
of soil)
I

0 100 200 300 400 500
Time (Hr)
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Figure 14: The concentration of nitrate in soil containing Pseudomonas sp.

was an observed decrease in the nitrate concentration which might be
as attributed to increase in the rate at which nitrate is utilized by the
organism at the period which consider with the period of maximum
growth. But as the amount of organisms begin to reduce, the rate of
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Figure 15: The concentration of nitrate in soil containing a consortium of
Azotobactervinelandiiand Pseudomonas sp.

utilization begins to reduce giving room to more nitrate in the soil.

Conclusion

Soil organic matter is made up of plant nutrients and carbon
sources. Organic matter in soil are from natural materials such as
plant materials, animal litters and microbial biomass. Soil organic
matter influences the bioavailability of nutrients as well as soil
enzymes produced by bacteria. Bioavailability is one of the most
limiting factors in bioremediation of persistent organic pollutants in
soil. Compared to the other soil characteristics, soil organic matter is
the major factor which affects the distribution and bioavailability of
petroleum hydrocarbons. The result revealed that as the percentage
of contamination increases, there is also an increase in the above
mentioned parameters. According to Liu et al., Soil organic matter
increased significantly after an oil contamination. It was also observed
that as the time (days) increases, the oxidizable carbon, total organic
carbon and the organic matter decreases. This is as a result of the
conversion of carbon to carbon (IV) oxide during cellular metabolism
which is released into the atmosphere. It was observed in most cases,
that the A. vinelandii showed lower concentration of the organic
carbon when compared with Pseudomonas sp and the consortium. The
decrease might be as a result of increase in the activity of that leads
to the breakdown of the carbon components of the soil, even though
there was low microbial growth. This might also be due to the large
size of organism which might require more carbon for macromolecule
synthesis.

The soil phosphate concentration was determined and the result
did not show any pattern in their increase or decrease. This shows
that increase in crude oil concentration did not significantly affect
the phosphate concentration in the soil. Pseudomonas sp is known to
solubilize phosphate in the soil and make them available. Azotobacter
according to Rediers et al., should be classified under the genus
as Pseudomonas since both of them have a lot of gene sequence in
common. It is therefore possible that A. vinelandii also solubilizes
phosphate in the soil and this should account for the slight increase in
the level of phosphate found in the consortium.

Most Pseudomonas species are known for their ability to reduce of
nitrates back into the largely inert nitrogen gas (N2), completing the
nitrogen cycle. This process is performed by bacterial species such as
Pseudomonas and Clostridium in anaerobic conditions. They use the
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nitrate as an electron acceptor in the place of oxygen during respiration.
Some microorganisms possess some ability to undergo transformation
especially in extreme conditions such extreme pH, temperature, and
deficiency of nutrients. In aerobic conditions, some Pseudomonas
species can help fix nitrogen by converting atmospheric nitrogen
to ammonium and then to nitrate. The nif-Hphylogenies (which is
responsible for fixing nitrogen is found in Pseudomonas) contains at
least 42 genes to encode the denitrification apparatus’ core structures.
The genome also contains genes involved in nitrogen fixation,
denitrification, chemotaxis and other functions that presumably give
the Pseudomonas an advantage. The result of this research shows that
the soil ammonium concentration increased from day 1 to day 7 but
decreased before day 21. This increase could be attributed to ability of
the Azotobacter vinelandii to fixed nitrogen as an innate responsibility,
while Pseudomonas sp. which is known to contain nitrogen fixing
activity. The increase observed tallies with the growth pattern of the
organisms which shows that as the organism decrease in number,
there is a decrease in the amount of ammonium in the soil. Although it
should be noted that the organisms still use some quantity of nitrogen
for cellular activity.

The result also showed that there is a constant increase in soil
nitrate concentration from day 1 to 7 but this decrease with increasing
concentration of the pollutant (crude oil). This shows that increase
in crude oil also reduces nitrate concentration in the soil. At high
concentration of crude oil, cellular activities are distorted due to
toxicity introduced by the crude oil.

The result of this study showed a constant decrease in the percentage
of organic carbon (OC) and the total petroleum hydrocarbon (TPH).
This is evidence that organisms Pseudomonas and Azotobacter
vinelandii have the ability to utilize the TPH as an alternative source
of energy therefore able to remove this contamination and restoring
the environment. It was observed that there was an increase in macro-
nutrients (nitrogen and phosphorus) which are needed to improve
the soil fertility. Therefore a consortium of the Pseudomonas spp and
Azotobacter vinelandii can be used not only in the remediation but also
as a bio-fertilizer.
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