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ABSTRACT

This research, centered on the impact of a combination of inorganic fertilizers (NPK and Urea) on
bioremediation as an alternative of the use of solely one fertilizer. The effect of bio-stimulation on
crude oil degradation in contaminated soil was investigated in six therapy group and C:N:P ratio of
100:2:0.2 were used. The microbial growths were measured as total heterotrophic bacteria, total
hydrocarbon utilizing bacteria, total heterotrophic fungi and total hydrocarbon utilizing fungi.
Laccase, Peroxidase, Lipase and Catalase activities as well as residual petroleum hydrocarbon were
assayed every 6 days for 36 day. From this study, the outcomes acquired from the chemical analyses
published that water holding capacity, moisture content, bulk density were higher in the treated soil;
while organic carbon, electrical conductivity were higher in contaminated soil and porosity, whole
nitrogen and complete accessible phosphorus are higher in uncontaminated soil. The study also
shows that treatment with the inorganic fertilizer increased the activities of soil enzymes, soil
microbial load and decreased in total petroleum hydrocarbon. The effects acquired from this findings
suggests that combination of inorganic fertilizers and C:N:P ratio adopted shortened the time frame
for bioremediation of crude oil in opposition to when only NPK is been applied at 10% as suggested
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Introduction

Crude oil is a fossil fuel, a natural aid from decaying plant life
and animals over thousands of hundreds of years ago (in most
locations; crude oil can be positioned alongside sea beds).
Crude oil diffs in color, from clear to tar-black and in viscosity,
from water to almost stable. This is as a stop end result of its
relative abundance, excessive power density and handy
transportability to extraordinary areas. Basically, crude oil is
quint essential to industries and it accounts for a large
percentage world’s energy consumption [1]. The world at titanic
consumes 30 billion barrels (4.8km?®) of oil per 12 months and
pinnacle oil buyers in the main consist of developed nations.

This create it one of the world’s most necessary commodities [2].

Supplementally, crude oil act as uncooked fabric for many
chemical products, together with fertilizers, pharmaceuticals,
plastics, pesticides and solvents [3]. It is also an electricity
supply powering the significant majority of vehicles. Oil
consists of hydrocarbons, which encompass aromatic
hydrocarbons, cycloalkanes and alkanes while other natural
compounds incorporate nitrogen, oxygen and sulphur. Crude
oil additionally incorporates organo-metallic complexes
containing nickel and vanadium in precise deal smaller
proportions compared to the specific constituents. In spite of
these  organo-metallic compounds are troublesome
throughout crude oil refining. Invariably, oil spillage damages
the soil, water, every plant and animals lifestyles. Consequent
upon its contents of lead, oil pollution renders soils

unproductive for years after spillage, decreasing the growth
ordinary performance of flowers [4]. Therefore, plant boom
and establishment, and re-vegetation of polluted area can
serve as warning signs for soil recovery [5]. Numerous
techniques have been employed to get rid of oil wastes and its
derivatives from soil and water. These encompass bodily
(spray, vapor extraction, stabilization, solidification),
chemical (photo-oxidation, dissolution, detergent use), and
biological strategies (bioremediation). All these techniques
can be employing in the remedy of contaminated region
relying on the priorities and situations of each case.

In contrast to these methods, addition of sufficient
concentration of vitamins to swimsuit the nature and extent of
hydrocarbon modern in the soil is of high importance. These
nutrient even though exist in contaminated soils but
inadequate for the remediation gadget. For that purpose,
informing the need to observe additional nutrient in structure
of fertilizers to optimize the necessary limiting nutrient,
Nitrogen (N) and Phosphorus (P). These nutrient steadiness’s
out the multiplied concentrations of Carbon in the polluted
areas prompted through potential of the pollution thereby
helping microbial metabolism in areas of the biosynthesis of
amino acids, proteins and nucleic acids that aid to shape a
proper microbial biomass and high levels of metabolic
activity. However excessive nutrient attention can inhibit the
biodegradation process.
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Effective remediation has been documented to require
Carbon, Nitrogen, Phosphorus ratios(C: N: P) between 100:10:1,
100:1:0.5 and 100:2:0.2, 100:1:0.1. Though according to their
documentary, the above ratios are excess because all the carbon
current in the soil are no longer for biomass formation and there
is regular recycling of nitrogen and phosphorus by using
microorganisms. In this study, crude oil polluted soils were
treated with NPK 15:15:15 and urea fertilizer as a way of
supplying the resident microorganisms with nutrients to
enhance their bioremediation capacity.

Materials and Methods
Collection and preparation of soil samples
Collection of soil sample:

The unpolluted soil specimen was obtained from the
Department of Soil Science, University of Benin, Nigeria.

Soil sample preparation and contamination:

Five kilogram of unpolluted soil was weighed into seven plastic
containers which were air dried for five days; sieved using 2mm
sieve to remove plant material and large particles. Then, 5g of
soil was weighted into six plastic buckets of which it was
chemically polluted with crude oil. Crude oil (obtained from
shell) was applied to the six bucket at various ppm (3000 ppm,
5000 ppm, and 8000 ppm) in a way that would homogeneously
pollute the whole surface. The drug, which is a complex mix of
various quantities of inorganic fertilizers (urea and NPK), was
then dispersed in three plastic containers correlating to those
infected. Three times a week the various soil containers were
agitated to made available the required ventilation and mixing
of nutrients and microbes with the contaminated soil [6].

Determination of physicochemical properties:

Sandy loan soil was used for this study, and their physical and
chemical properties were determined using reagents of
analytical grade. The following were the physicochemical
properties determined: Available phosphorus, Total nitrogen,
Total Organic Carbon (TOC), pH, bulk density, porosity, water
holding capacity and electrical conductivity (EC). These
properties were determined three days (0, 18, and 36 day).

Soil temperature measurement:

A pilot hole was made in the soil using a screw driver, and the
thermometer was inserted into the hole making sure it’s firm
and kept for several minutes until a stable temperature was
achieved [7]. The temperature of the soil was taken at the site.

Soil pH determination:

The soil was air-dried and 10g was placed in a 25 ml beaker.
Deionized water (10 ml) was then added to the soil sample and
thoroughly mixed for 5 sec with glass rod, and the suspension
was allowed to stand for 30 min. The pH was measured by
inserting the electrode of calibrated pH meter into soil
suspension [8].

Determination of bulk density:

An empty universal bottle was weighed and filled with
oven-dried soil sample up to the brim by tapping, and the weight

was recorded. The volume of the bottle was determined using a
burette [9], and the bulk density was calculated as follows:

Soil Bulk Density (g/cm?) = (weight oven dry soil )/(Volume of soil)
Determination of soil moisture content:

Gravimetric method was used for this analysis [10]. It involved
the determination of mass difference between the wet soil and
soil oven-dried at 105C. An empty crucible was weighed and the
mass was recorded as Mi (g). The wet soil sample was
positioned in a crucible and weighed immediately and the mass
was recorded as Mz (g). The crucible containing the wet sample
was placed in an oven and dried at 105°C until a constant weight
was achieved. The sample was removed from the oven and
placed in a desiccator to cool. The crucible with the oven-dried
soil was weighed and the mass was recorded was Ms (g).

The formula below was used to calculate moisture content:
Moisture Content (%) = (M2-Ms x 100)/(Ms-Mai)

Where M1 = Mass of empty crucible (g), M2 = Mass of crucible
and wet soil (g), Ms = Mass of crucible and oven dried soil (g).

Water holding capacity of soil:

A small cup with perforated bottom was weighed and recorded.
Filter paper was placed at the foot of the cup and the weight was
taken. Soil sample (70g) was then weighed into the cup on a
retort stand and 250 ml measuring cylinder with funnel was
inserted into it. Then, 50 ml of deionized water was added and it
was allowed to drain overnight. The drained water was read and
recorded [9].

Water holding capacity of soil was calculated as follows:
WHC = (Volume of water retained x 100)/(Volume of sample)
Soil porosity:

Air-dried soil was added to 500 ml measuring cylinder and 100
ml of deionized water was carefully and slowly added to the soil
sample inside the measuring cylinder until it reached the top of
the soil. The volume of water used was recorded [9], and
porosity was calculated as follows:

Porosity =  (Amount of water added to soil sample x 100)/(
Total soil sample)

(Porosity (%) = 100 - (bulk density / particle density) x 100).

Determination of total nitrogen in soil:

Soil sample (2g) was weighed into an 800 ml Kjeldahl digestion
flask, deionized water of 10 ml was added, followed by addition
of 5g of Kjeldahl catalyst mixture and 15 ml of 18.6 m sulphuric
acid. The flask was cautiously heated on digestion stand until
frothing stopped. The heat was increased until digest was clear,
the flask was cooled and deionized water was slowly added and
shaken. Three chips of granulated zinc were added and 30 ml of
2% boric acid were measured into 250 ml conical flask and
placed under a condenser. Then, 75 ml of 10 m NaOH was
slowly added into the digest in Kjeldahl flask and immediately
connected to distillation apparatus. The distillate with NHs
liberated was titrated with a standard acid along with four drops
of mixed indicator [9]. Total nitrogen was calculated as follows:

Total Nitrogen (%N) =

((Equivalents of acid added to sample-equivalents of acid
added to blank)(14.01)(100))/(Sample weight (g))

Available phosphorus in soil:
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Air-dried soil (2.5g) was placed in a clean and dried 125 ml
polyethylene bottle, followed by the addition of 50 ml of 0.5 m
sodium bicarbonate (pH 8.0) with polyacrylamide, which was
used as the extracting solution from a dispenser. The bottle was
placed in a reciprocating shaker and shook for 30 min and
filtered into test tube with filter paper. Technicon II
Autoanalyzer was used to determine the available phosphorus in
clear filtrate by colorimeter. Soil phosphorus was calculated as:

Soil Phosphorus (mg/kg) = AXBXCXM/(E )

Where, A = Sample extract reading (mg1-1), B = Extract volume
(ml), C = Dilution, if performed, M = Moisture correction
factor, E = Sample weight (g)

Total petroleum hydrocarbon (TPH):

Soil samples (5g) contaminated with 5000 ppm of crude oil or
treated with NPK and urea at CPN ratio of 100:2:0:2 were
extracted three times with 15 ml of hexane each. The three
extracts (three) were pooled and dried by solvent evaporator at
room temperature under gentle nitrogen stream in a fume
hood. Residues were weighed along with solvent blank beaker.
The difference of the weight was calculated as the total
petroleum hydrocarbon content [11].

Gas chromatographic analysis of soil:

Five grams (5g) of the soil sample was mixed with 5g of
anhydrous sodium sulphate in a 25 ml vial, 15 ml of n-hexane
was added and vortexes for 10 min. The resulting soil
suspension was filtered using a 0.45 um Teflon filter. The filtrate
was analyzed using a gas chromatography with flame ionization
detector (GC-FID) (HP 7890). The injector and detector
temperatures were programmed at 250°C and 350°C,
respectively. The initial oven temperature was maintained at
50°C, ramped at a rate of 5 - 280°C per min, and held for 6 min.
The injection volume for both sample and standards were 1 ul.

Soil enzymes assays
Laccase activity:

Laccase activity was determined using pyrogallol as substrate
[12]. Shortly, 1g of soil sample was weighed into a 250 ml
conical flask and 50 ml acetate buffer (50 mm, pH 5.0) was
added. The flask was incubated at room temperature for 1 h with
vigorous shaking every 20 min. The volume of the buffer was
increased to 125 ml and the flask shaken vigorously. Aliquot of
10 ml of the soil suspension was transferred to a centrifuge tube
and centrifuged at 4000 rpm for 10 min. The supernatant
obtained was used for the enzyme assay. The test experiment
contained 2 ml of the supernatant (soil suspension) and 1 ml
substrate (25 mm pyrogallol). This was incubated in the dark at
room temperature for 1 h. A sample control containing 2 ml
supernatant and 1 ml buffer and also substrate control
containing 1 ml substrate and 2 ml buffer were treated as the test
experiment. The absorbance was measured at 460 nm using UV
- Visible spectrophotometer. The buffer solution was used as
blank. Laccase activity was calculated as follows:

Laccase activity (umol/h/g) = (AX V1)/(EX V2 XTXW )

Where, A = Net absorbance = Test — sample control - substrate
control, Vi = Volume of buffer used, E = Molar extinction
coefficient for pyrogallol = 4.2/umol, V2 = Volume of soil

suspension, T = Substrate incubation time, W = Mass of soil
sample

Peroxidase activity:

Peroxidase activity was estimated using pyrogallol as substrate
[12]. The procedure described for laccase activity was followed,
but with the addition of 0.2 ml of 0.3% hydrogen peroxide to the
test, sample control and substrate control experiments
respectively.

Lipase activity:

Lipase activity was determined using the method described by
Parry et al (1966) [13]. Briefly, 1g of soil sample was weighed
into a 250 ml conical flask and 100 ml phosphate buffer (50 mm,
pH 7.4) was added. The conical flask was shaken vigorously and
then incubated at room temperature for 1 h with intermittent
shaking. Thereafter, 10 ml of the soil suspension was transferred
to a centrifuge tube and centrifuged at 4000 rpm for 10 min. The
supernatant was used for the lipase activity assay. The test
experiment was made up of 1 ml supernatant and 5 ml 10%
olive oil and gum Arabic emulsion in a conical flask. The flask
was incubated for 1 h on a shaker with the speed adjusted to
high and temperature set at 40°C. At the end of the incubation,
1 ml 95% ethanol was added to the conical flask and shaken to
stop the reaction. The free fatty acid released was determined
using a UV spectrophotometer. Control experiment was also
one with 1 ml buffer solution.

Lipase activity was calculated as follows:
Lipase activity (U/g) = ((VS-VB) X N X1000)/( S)

Where VB = Volume of NaOH used against control flask, Vs =
volume of NaOH used against experimental flask, N =
Normality of NaOH, S = Volume of enzyme extract

Catalase activity:

Catalase activity was determined according to the method of
[14]. Briefly, soil sample supernatant was obtained as described
for lipase activity. The supernatant (1 ml) was transferred to a
test tube and 5 ml of 0.3% hydrogen peroxide was added. The
content of the test tube was mixed by shaking and was then
incubated at room temperature for 5 min. The reaction was
stopped by the addition of 1 ml of 6 N sulphuric acids and 0.01
M KMnOs was added within 3 sec. The absorbance was
measured using a spectrophotometer at 480 nm within 30-60
sec. Control experiment was performed using deionized water.

Catalase activity was calculated as follows:

Catalase activity (U/g) = ((Absorbance /t) x vx1000)/(M x V x
W)

Where, Absorbance = absorbance (control) — absorbance (test),
V = total volume of reaction mixture, M = molar extinction
coefficient = 40.0, v = volume of supernatant used, W = mass of
soil sample, t = reaction incubation time = 5 min.

Effect of abiotic treatment on crude oil biodegradation
in soil

The ex-situ remediation method of was adopted with
modification [15]. Briefly, each soil sample (3 kg) contaminated
with crude oil (3000, 5000, and 8000 mg/kg) was weighed into 7
plastic buckets for soil. Moisture content (MC) was adjusted to
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60-80% of water holding capacity (WHC) for all groups. Each
container was agitated every three days and same with moisture
adjustment. The experiment lasted for 36 days with the
following determinations done every 6 days: Microbial growth
was analyzed using, THB, THUB, THE, and THUF as markers.

Statistical analysis

Experimental data were analyzed using IBM SPSS statistics 23
software for Windows. All data are expressed as mean + SEM
(standard error of mean). ANOVA was used in comparing the
mean followed by Duncan’s Multiple Range (DMRT), Post Hoc
test. Student’s t test was used to compare means when only two

means were involved. Statistical significance was taken as p <
0.05. Correlation analysis was done to establish relationship
between TPH and the other parameters evaluated (THUE, THE,
THB, THUB, laccase, peroxidase, catalase, lipase activities)
respectively.

Results and Discussion

Physicochemical properties of sandy loam soils
contaminated with crude oil

The results below shows the physical and chemical properties of
crude oil contaminated sandy loam soil.

Table 1. Physicochemical data on sandy loam soils contaminated with crude oil. Values are expressed as mean + SEM (n = 3, at 0,

18, and 36 day).

Parameter Control 3000 5000 8000

ppm ppm ppm
pH 6.5+0.31 6.7+£0.33 6.7+0.33 6.5+0.10
Total Nitrogen 0.034+0.13 0.021+0.01 0.028+0.06 0.024+0.04
(mg/kg)
Available 2.81+0.96 2.27+0.87 2.42+0.76 2.16+0.78
Phosphorus
(mg/kg)
TOC (%) 0.14+0.06 0.66+0.23 0.78+0.28 0.78+ 0.28
Potassium 16.30+0.22 14.80+0.20 29.11+£0.28 11.40+0.03
TPH (mg/kg) <1 7568 7601 7608
Moisture Content (%) 9.83+0.06 9.31+£0.36 10.98+0.32 10.47+0.30
Soil Bulk Density
(g/cm3) 2.42+0.12 2.84+0.15 2.86+0.18 3.24+0.31
Conductivity
(ps/cm) 220+4.40 210+3.98 140+2.87 200£2.99
Porosity 0.48+0.004 0.34+0.02 0.36+0.01 0.34+0.02
Water Holding
Capacity 0.25+0.43 0.25+0.43 0.25+0.43 0.25+0.43
Sulphate mg/kg 20+0.12 12+0.03 16+0.08 12+0.03
Temperature 27°C
Particle Size Distribution
Sand 74.60%
Silt 12.00%
Clay

Physicochemical properties of contaminated sandy
loam soils treated with inorganic fertilizers

The results below show the physical and chemical properties of
contaminated sandy loam soil treated with NPK 15:15:15 and
urea at a CNP (carbon, nitrogen, and phosphorus) ratio of
100:2:0:2.

Effect of NPK and urea on soil enzymes activity

To investigate the effect of NPK and urea fertilizers on soil
microbial load. The results below indicated that the activities of

soil enzymes were affected by applied treatment during the 36
days period. An increased activity was observed for laccase
from days 0-18 across the treated groups. Peroxidase activity
increased in 12 days from the start of the experiment across
treated soils. Furthermore, an increased activity was recorded
for catalase with the highest peak at day 18. Also, lipase activity
increased from days 0-12 with highest activity was on day 24.
Summarily , these results indicates that treatment of crude oil
contaminated soils with combination NPK and urea fertilizers
has the potential of enhancing soil enzymes activity that
function in degrading crude oil contaminant.
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Table 2. Impact of NPK and urea fertilizers on the
physicochemical properties of sandy loam soils contaminated
with crude oil. Values are expressed as mean + SEM (n = 3, at 0,
18, and 36 day).

Parameter 3000 5000 8000
ppm ppm ppm

pH 6.8+0.21 6.810.21 6.5+0.10
Total Nitrogen 0.029+0.12  0.030+0.24

(mg/kg)

Available

Phosphorus 2.76£0.88 2.80+£0.98  2.5+0.89
(mg/kg)

TOC (%) 0.48+0.02 0.52+0.08 0.60+0.06
Potassium 2%0.05 18+0.16 18+0.16
TPH (mg/kg) 634+3.11 619+2.45 540%3.65
Moisture Content

(%) 12.62+0.14 14.8+£0.21 14.85+0.28
Soil Bulk Density

(g/cm3) 2.62+0.23 2.62+0.23 2.80+£ 0.31
Conductivity

(ps/cm) 230+3.10 215+3.09 235+3.30
Porosity 0.42+0.04 0.42+0.04  0.38+0.01
Water Holding

Capacity 0.30+0.40 0.30+0.40 0.32+£0.44
Sulphate

mg/kg 18+0.10 20+0.12 22+0.15
Temperature 27°C

Particle Size Distribution

Sand 74.60%

Silt 12.00%

Clay 13.40%
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Figure 1. Effect of NPK and urea fertilizers on soil enzymes activities.
Effect of NPK and urea on soil laccase activity. Values are expressed as

mean = SEM (n = 3). P <0.05.
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Figure 2. Effect of NPK and urea fertilizers on soil enzymes activities -
Effect of NPK and urea on soil peroxidase activity. Values are expressed
as mean = SEM (n = 3). P <0.05.
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Figure 3. Effect of NPK and urea fertilizers on soil enzymes activities.
Effect of NPK and urea on soil catalase activity. Values are expressed as
mean + SEM (n = 3). P <0.05
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Figure 4. Effect of NPK and urea fertilizers on soil enzymes activities.
Effect of NPK and urea on soil lipase activity. Values are expressed as
mean + SEM (n = 3). P <0.05.
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Effect of NPK and urea treatment on soil microbial
load

To investigate the effect of NPK and urea fertilizers on soil
microbial load. The soils was treated with NPK 15:15:15 and
urea, and the microbial load was monitored and reported as
CFU/g during the 36 days period of treatment. An increase in
amount of total hydrocarbon utilizing fungi (THUF) and total
heterotrophic fungi (THF) were observed from day 0 and
peaked on day 12 before decreasing thereafter in all the
treatments (Figure 2. A and B). The same pattern of growth was
observed for total hydrocarbon utilizing fungi (THUB) and
total heterotrophic fungi (THB) with maximum peak on day 18
(Figure 2. C and D). These results indicated that treatment of
crude oil contaminated soils with NPK and urea fertilizers
enhanced the total soil microbial load. Increased soil microbial
load results in increased degradation of crude oil contaminant
in the soils and hence helps to ameliorate the toxic effects of
crude oil on soils.

9000 -

—e—3000c
8000 4 —e—5000c
w’ —=—8000c

7000 A
\ —&—3000t
G000 4 —=—5000t

*— 8000t

5000 4
4000
2000 4

2000 A

1000 l

-1000 4

Total Hydrocabon Utilizing Fungi (x103 CFU/g)

Days
-2000 4

Figure 5. Effect of NPK and urea on soil microbial load of soil
contaminated with crude oil. Effect of NPK and urea on THUF of sandy
and silty clay soils. Values are expressed as mean = SEM (n = 3). P <0.05.
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Total Heterotrophic Fungi (X104 cfu/g)
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-500

Figure 6. Effect of NPK and urea on soil microbial load of soil
contaminated with crude oil. Effect of NPK and urea on THF sandy loam
soils Values are expressed as mean + SEM (n = 3). P <0.05.
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Figure 7. Effect of NPK and urea on soil microbial load of soil
contaminated with crude oil. Effect of NPK and urea on THUB of sandy
loam soils. Values are expressed as mean + SEM (n = 3). P<0.05
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Figure 8. Effect of NPK and urea on soil microbial load of soil
contaminated with crude oil. Effect of NPK and urea on THB of sandy
loam soils. Values are expressed as mean + SEM (n = 3). P < 0.05

Effect of NPK and Urea Treatment on Total Petroleum
Hydrocarbon

The effect of NPK and urea fertilizers on oil degradation at 5000
ppm on sandy loam soil was investigated. A significant decrease
in total petroleum hydrocarbon (TPH) concentration was
observed in sandy loam soil.
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Total Petroleum Hydrocarbon (mg/kg)
B
8
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Figure 8. Effect of NPK and urea on TPH of soils contaminated with crude
oil. Values are expressed as mean + SEM (n = 3). P <0.05
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Discussion

The bioremediation of hydrocarbon polluted soil was
investigated using combination of urea and NPK fertilizers.
Among all strategies to speed up the biological breakdown of
hydrocarbons in soil, bio-stimulation of the intrinsic
microorganisms by addition of nutrients is the most frequently
used bioremediation technique as the contaminant introduces
enormous amount of carbon source which tends to result in
rapid depletion of the available nitrogen and phosphorus that
are essential for microbial growth.

Soil microbes need nutrients like carbon, nitrogen and
phosphorus to support their activities [16,17]. Crude oil
pollution decreased the availability of nitrogen and phosphorus
in the soil (table 1) [17]. Addition of inorganic nutrient to the
contaminated soil can help to stimulate and improve microbial
activities during bioremediation (table 2) [18-20].

Urea which contain 46.6% of nitrogen and NPK of ratio
(15:15:15) were the inorganic nutrient used in this study.
However if high concentration of the limiting nutrient is
applied to the bioremediation soil it can inhibit microbial
activity thus the need for optimum CNP ratio is required [21].

To achieve a desirable CNP ratio is important to consider
bioremediation optimization [21,22]. In this study CNP ratio
100:2:0.2 was aborted and it gives 88% degradation after 36 days
remediation was recorded. This shows that there was a high
reduction of TPH in the soils (figure 9).

Total heterotrophic bacterial (THB) and Total
hydrocarbon utilizing bacteria (THUB) increased from day 0 to
day 18 in the treated group designated NPK and Urea combined
(figure 8 and 7). Total heterotrophic fungi (THF) and total
hydrocarbon utilizing fungi (THUF) rapidly increased from day
0 to day 12 in the treated group (figure 6 and 5). This result is in
agreement with other reports that bio augmentation and bio
stimulation lead to increase in microbial population, In this
study total hydrocarbon utilizing bacterial and total
heterotrophic bacterial in the remediated soil were higher when
compare with the unremediated soil [20,22,23]. This indicates
that the hydrocarbon utilizing bacteria in the soil was relatively
adequate for bioremediation and they line with observation
obtained by Hossain et al., 2022 [24]. The findings obtained
from the study showed that bio-stimulation of hydrocarbon
polluted soil with nutrient amendments induced shifts in the
bacterial community with concomitant degradation of the
hydrocarbons.

The contaminated soil has higher values for electrical
conductivity, bulk density and organic carbon when compared
to the treated soil (table 1) which is line with the values obtained
by Barua et al., (2011) [25]. Other properties like, porosity, total
nitrogen and available phosphorus where higher in the soil
treated with urea and NPK (table 2) combine when compared to
the contaminated sample (table 1). Crude oil in the soil is
known to affect the properties of the impacted soil [26].

The catalase activities of contaminated soils (3000 ppm,
5000 ppm and 8000 ppm crude oil) were monitored. In all the
soils (irrespective of the volume of contaminant), it was
observed that there was a significant (P<0.05) decreased in the
activity of catalase in the crude oil soil, this reduction was

pronounced in the contaminated soil with no treatment (figure
3). However, as bioremediation proceeded from days 0 to 36,
there was resurgence in catalase activity especially in the soils
treated with urea and NPK combine (figure 3). This finding
corroborates with that of, which found that there was altered
activity of soil catalase activity when petroleum products were
added to the soil, however, its activity increased few days later
which they predicated on the increased microbial activity
towards biodegradation of available petroleum hydrocarbon
[27]. Also asserted that the initial reduction of catalase activity
could be because being an enzyme its activity is altered by
unfavorable conditions, such as hypoxia, unavailability of
nutrient and changes in PH [28]. This finding place catalase a
useful biomarker use for indicating the onset of biodegradation
process as their activities decline after the rate of biodegradation
has decreased [29].

Lipase concentration increased (P<0.05) as the volume of
crude oil (contaminant) increased, however, the increased was
more pronounced in the samples remediated with urea and
NPK combine compared to unremediated soil (figure 4). This
finding corroborate with that of where it was found that
increasing contaminant concentration increased microbial
extracellular lipase activity, thus making lipase as a good option
for study of contaminated soil bioremediation [30,3]. Lipase
activity has also been reported to be the reason behind the
drastic reduction of total hydrocarbon from contaminated soil
and its activity has been found to be a very useful indicator
parameter for testing hydrocarbon degradation in soil [31,32].
Lipase degrades lipids and other lipid-like compounds derived
from a large variety of microorganisms, animals and plants.
Lipases can catalyze various reactions such as hydrolysis,
inter-esterification, esterification, alcoholysis and aminolysis of
organic pollutants laying credence to their avowed role in
bioremediation [32].

Laccase and peroxidase are key extracellular oxidative
enzymes which are produced by oleophilic microbes [33].
Laccase and peroxidase activities were assayed in this study and
a negative relationship was established between them (oxidative
enzymes activity) and TPH. This indicate that increase in
oxidative enzyme activity leads to decrease in TPH among
treated groups (figure land 2).

This study also showed that combination of NPK and urea
fertilizer of CNP ratio 100:2:0.2 highly affect the TPH value
degradation rate in oil contaminated soil (figure 9).

Conclusions

This study established that combination of urea and NPK
consequences to 88% degradation of hydrocarbons compared to
68.54% obtained when only NPK was applied as mentioned
through different researchers. The impact of bio-stimulation via
the utilization of inorganic vitamins and management of
parameters like aeration and moisture content confirmed that
indigenous soil micro-organism respond nutrient modification
evidenced by way of elevated counts recorded in the amended
remedies and removal of hydrocarbons. The end result of this
learn about also suggests that environmental conditions and the
C:N:P ratio adopted shortened the time body for
bioremediation of crude oil towards when solely NPK used to be
utilized at 10% as suggested by means of different researchers.

J. Biochem. Sci., 2024, 1, 8-15

14

© Reseapro Journals 2024
https://doi.org/10.61577/jbs.2024.100007



JOURNAL OF BIOCHEMICAL SCIENCES
2024,VOL. 1, ISSUE 2

RESEAPRO

JOURNALS

References

1. Yetiv SA, Fowler ES. The challenges of decreasing oil consumption.
Pol. Sci. Q. 2011;126:287.

2. Seiferlein KE. Annual energy review 2007. USDOE Energy
Information Administration (EIA), Washington, DC (United
States). Office of Energy Markets and End Use; 2008.

3. Margesin R, Zimmerbauer A, Schinner E Soil lipase activity-a
useful indicator of oil biodegradation. Biotechnol Tech.
1999;13:859-863. https://doi.org/10.1023/A:1008928308695

4. Head IM, Jones DM, Roling WE Marine microorganisms make a
meal of oil. Nat Rev Microbiol. 2006;4(3):173-182.
https://doi.org/10.1038/nrmicro1348

5. Obilo OP, Ogunyemi S. The use of maize as an indicator crop and in
the reclamation of farm land ladden with heavy metals as a result of
crude oil pollution.

6. Ayotamuno M]J, Kogbara RB, Ogaji SO, Probert SD. Bioremediation
of a crude-oil polluted agricultural-soil at Port Harcourt, Nigeria.
Appl Energy. 2006;83(11):1249-1257.
https://doi.org/10.1016/j.apenergy.2006.01.003

7. Hewins DB, Broadbent T, Carlyle CN, Bork EW. Extracellular
enzyme activity response to defoliation and water addition in two
ecosites of the mixed grass prairie. Agric Ecosyst Environ.
20165;230:79-86. https://doi.org/10.1016/j.agee.2016.05.033

8. McLean EO. Soil pH and lime requirement. Black C A (ed.):
Methods in soil analysis: chemical and microbiological properties.
Part II-American Society of Agronomy, Madison, Wisconsin,
USA.1982.

9. Food and Agriculture Organization. Soil testing and plant analysis a
basis for fertilizer recommendation. FAO Soil Bulletin 38/2, FAO.
1980.

.Reynolds SG. The gravimetric method of soil moisture
determination Part IA study of equipment, and methodological
problems. J Hydrol. 1970;11(3):258-273.
https://doi.org/10.1016/0022-1694(70)90066- 1

.Chandra S, Kandambeth S, Biswal BP, Lukose B, Kunjir SM,

Chaudhary M, et al. Chemically stable multilayered covalent

organic nanosheets from covalent organic frameworks via

mechanical delamination. ] Am Chem Soc. 2013;135(47):17853-

17861. https://doi.org/10.1021/ja408121p

Allison SD, Jastrow JD. Activities of extracellular enzymes in

physically isolated fractions of restored grassland soils. Soil Biol

Biochem. 2006;38(11):3245-3256.

https://doi.org/10.1016/j.s0ilbio.2006.04.011

13. Parry Jr RM, Chandan RC, Shahani KM. Rapid and sensitive assay
for milk lipase. ] Dairy Sci. 1966;49(4):356-360.
https://doi.org/10.3168/jds.S0022-0302(66)87874-8

14. Cohen G, Dembiec D, Marcus J. Measurement of catalase activity in
tissue extracts. Anal Biochem. 1970;34(1):30-38.
https://doi.org/10.1016/0003-2697(70)90083-7

15. Saterbak A, Toy RJ, McMain BJ, Williams MP, Dorn PB.
Ecotoxicological and analytical assessment of effects of
bioremediation on hydrocarbon-containing soils. Environ Toxicol
Chem: An International Journal. 2000;19(11):2643-2652.
https://doi.org/10.1002/etc.5620191105

16. Bamforth SM, Singleton I. Bioremediation of polycyclic aromatic
hydrocarbons: current knowledge and future directions. ] Chem
Technol Biotechnol: International Research in Process,
Environmental & Clean Technology. 2005;80(7):723-736.
https://doi.org/10.1002/jctb.1276

17.Ghaly AE, Yusran A, Dave D. Effects of biostimulation and

10

1

—

12.

bioaugmentation on the degradation of pyrene in soil. ] Bioremed
Biodeg. 2013;7(005):1-3.

18. Walworth J, Pond A, Snape I, Rayner J, Ferguson S, Harvey P.
Nitrogen requirements for maximizing petroleum bioremediation
in a sub-Antarctic soil. Cold Reg Sci Technol. 2007;48(2):84-91.
https://doi.org/10.1016/j.coldregions.2006.07.001

19. Jiang Y, Brassington K]J, Prpich G, Paton GI, Semple KT, Pollard SJ,
et al. Insights into the biodegradation of weathered hydrocarbons in
contaminated soils by bioaugmentation and nutrient stimulation.
Chemosphere. 2016;161:300-307.
https://doi.org/10.1016/j.chemosphere.2016.07.032

20. Safdari MS, Kariminia HR, Rahmati M, Fazlollahi F, Polasko A,

Mahendra S, et al. Development of bioreactors for comparative

study of natural attenuation, biostimulation, and bioaugmentation

of petroleum-hydrocarbon contaminated soil. J Hazard Mater.
2018;342:270-278. https://doi.org/10.1016/j.jhazmat.2017.08.044

Huesemann MH. Guidelines for land-treating petroleum

hydrocarbon-contaminated ~ soils. ~Soil ~Sediment Contam.

1994;3(3):299-318. https://doi.org/10.1080/15320389409383471

Shahi T, Assadpour E, Jafari SM. Main chemical compounds and

pharmacological activities of stigmas and tepals of ‘red gold’;

saffron. Trends in Food Science & Technology. 2016;58:69-78.

23.Siles JA, Margesin R. Insights into microbial communities
mediating the bioremediation of hydrocarbon-contaminated soil
from an Alpine former military site. Appl Microbiol Biotechnol.
2018;102:4409-4421. https://doi.org/10.1007/s00253-018-8932-6

24.Barua D, Buragohain ], Sarma SK. Certain physico-chemical
changes in the soil brought about by contamination of crude oil in
two oil fields of Assam, NE India. Eur. ] Exp Biol
2011;1(3):154-161.

25. Michel ], Fingas M. Oil Spills: Causes, consequences, prevention,
and countermeasures. InFossil fuels: current status and future
directions. 2016. 159-201p.

26. Achuba FI, Okoh PN. Effect of petroleum products on soil catalase
and dehydrogenase activities. Open ] Soil Sci. 2014;4(12):399.
https://doi.org/10.4236/0jss.2014.412040

27. Achuba FI, Peretiemo-Clarke BO. Effect of spent engine oil on soil
catalase and dehydrogenase activities. Int Agrophys. 2008;22(1):1-4.

28.Ajao AT, Oluwajobi AO, Olatayo VS. Bioremediation of soil

microcosms from auto-mechanic workshops. J Appl Sci Environ

Manage. 2011;15(3):473-477.

. Frankenberger Jr W', Johanson JB. Influence of crude oil and

refined petroleum products on soil dehydrogenase activity.

American Society of Agronomy, Crop Science Society of America,

and Soil Science Society of America. ] Environ Qual. 1982;11(4):

602-607. https://doi.org/10.2134/jeq1982.00472425001100040010x

Margesin R, Schinner F. Efficiency of indigenous and inoculated

cold-adapted soil microorganisms for biodegradation of diesel oil

in alpine soils. Appl Environ Microbiol. 1997;63(7):2660-2664.
https://doi.org/10.1128/aem.63.7.2660-2664.1997

.Karigar CS, Rao SS. Role of microbial enzymes in the

bioremediation of pollutants: a review. Enzyme Res.

2011;2011(1):805187. https://doi.org/10.4061/2011/805187

Hossain ME Akter MA, Sohan MSR, Sultana DN, Reza MA, Hoque

KMF. Bioremediation potential of hydrocarbon degrading bacteria:

isolation, characterization, and assessment. Saudi ] Biol Sci.

2022;29(1):211-216. https://doi.org/10.1016/j.5jbs.2021.08.069

Okonofua HO, Edemhanria L, Alagbaoso CA, Osubor CC.

Fertilizer-assisted bioremediation of sandy and silty clay soils

contaminated with crude oil. 2022.

21.

22.

2

Ne)

30.

3

—

32.

33.

J. Biochem. Sci., 2024, 1, 8-15

15

© Reseapro Journals 2024
https://doi.org/10.61577/jbs.2024.100007



