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Abstract

Petroleum hydrocarbons can affect soil ecosystems resulting in significant losses in soil health. The aim of the study is to
determine the effects of petroleum hydrocarbon on soil urease in crude oil polluted soil. Cow dung application to the
contaminated soil was done through Response Surface Methodology (RSM), with a statistical approach, and the Box—Behnken
design of the experiment was adopted using design expert 6.0.8 software. Microbial isolates from the polluted site were identified
using 16S rRNA coding sequences. The predominant isolate, Bacillus (BAB-888) with gene bank accession number KC250233,
was used as single strain bioaugmentation. Results from the bioremediation studies showed that the polluted soil contained an
array of hydrocarbon utilizing bacteria species. The bacteria population count escalated from 4.0 x 10° — 2.36 x 10° after
biostimulation with cow dung to 3.0 x 10°— 2.99 x 108, Thus, revealing that the seeded microorganism adapted quickly to the
petroleum hydrocarbon polluted soil and was able to make use of the crude oil as the sole carbon source. RSM used with four
factors showed that urease decreases with an increase in Stimulant and Time. Pollutant decreases dightly and an exponential
sharp increase with time. However, in biostimulated/inoculated soil, urease increases with an increase in Time, Inoculum and
Pollutant from level 20, 20 and 50 respectively and progressed to levels 40, 30 and 75 respectively before decreasing. This
recommends the potential of a single Bacillus cereus strain in hydrocarbon degradation.

K eywor ds. Biodegradation, Bioremediation, Crude oil, Response Surface Methodology (RSM), Box—Behnken design (BBD),
Urease, Biostimulation, Bioaugmentation
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Introduction

Soail is a non-renewable resource and its conditions
influence food production, enhance water and air
quality, environmental potency, world balance, and
support human health and habitation (Dick, 1997;
Doran and Zeiss, 2000; Lindbo et al., 2012).

Petroleum hydrocarbons are toxic compounds that
have been classified as priority pollutants (Costa et
al., 2012). They are resistant to biodegradation,
capable of accumulating in plants, as well as in
human (Waheed et al., 2018; Hunt et al., 2019). It
a so exhibits carcinogenic and neurotoxic properties
(Das and Chandran, 2011; Al-Hawash et al., 2018;
Hunt et al., 2019).

The discharge of these pollutants into the
ecosystem whether through anthropogenic activities
or via accidental discharge, leads to soil and water
pollution; thus affecting all forms of life directly or
indirectly (Sajna et al., 2015) with attendant
negative consequence on the economic life of the
ecosystem (Paul, 2015; Elum et al., 2016).

Bioremediation is the biologica approach
employed in environmental cleanup of polluted soail.
The autochthonous (indigenous) soil
microorganisms play great roles in sustainability by
keeping essential functions of soil health, involving
carbon and nutrient cycling. Biostimulation is
another approach of bioremediation that involves
the addition of the appropriate nutrients to stimulate
the degradation capacity of the native soil
microorganisms (Siles and Garcia-Sanchez, 2018).
The combined bioremediation technologies of
bioaugmentation and biostimulation not only
introduce active bacteria, but can aso stimulate the
indigenous microorganisms and amdiorate the
character of the soil. Bacteria species such as
Bacillus, Pseudomonas, Saphylococcus,
Flavobacterium and yeasts have been involved in
hydrocarbon degradation (Tremblay et al. 2017,
Bento et al. 2005; Moscoso et al. 2012; Nie et al.,
2014; Fatima et al., 2015; Silva et al., 2015; Sarkar
et al,. 2017; Varjani, 2017).
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Enzymatic activity is one of the most significant
indicators of the characteristic soil health (Singh et
al. 2017; Utubo and Tewari 2015; Bayarmaa and
Purev 2017; Acosta-Martinez et al. 2018). Soil
enzymes come from plants, soil animals, but mostly
from microorganism (Sharma et al., 2017). Since
remediation technologies a ect not just the oil
concentration, but the enzymatic response
(Margesin and Schinner, 1999; Gong, 2012), soil
enzymes activities is a sensitive indicator and gives
a quicker response to both natura and
anthropogenic  disturbances and aso reflect
biological changes induced by pollution and
contamination (Panettieri et al., 2013; Baémaga et
al., 2014). Soil enzymes are necessary catalysts for
soil functions that include, environmental quality,
degradation of xenobiotic compounds (Tejada et
al. 2011), and nutrient cycling in particular as they
are frequently being accumulated, synthesized and
decomposed in the soil (Balota and Chaves, 2010).

Urease is an extracellular enzyme whose activities
depend on organic and inorganic matter content in
soils. It originates from plants, animals, bacteria,
fungi, invertebrates, and yeasts (Konieczna et al.,
2013; Li et al., 2014; Dotaniya et al., 2019). The
urease enzyme catalyzes the hydrolysis of urea
fertilizers applied into carbon dioxide (CO,;) and
ammonia (NH3 with a concomitant rise in soil pH
and N loss to the atmosphere through NH;
volatilization. Urease plays a major role in global
nitrogen cycle (Srinivasa - Rao et al., 2017; Kuscu,
2019; Noor - Affendi et al., 2020).

Response Surface Methodology (RSM) is a variety
of dtatisticd and mathematical procedures for
building of models, designing experiments,
analyzing effects of factors, and studying for the
optimum situations including bioprocesses (Hsieh
et al.,, 2007; Dahyia, et al., 2009; Rajkumar and
Muthukumar, 2017). Its usage has been mostly in
industrial research (Montgomery 1996; Myers and
Montgomery 2002). In recent times, numerous
studies have described RSM in several fields such
as in biochemistry (Martenda et al., 2007),
biotechnology and life sciences (Anderson-Cook et
al., 2009; Kockal and Ozturan, 2011; Yolmeh and
Jafari, 2017).
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This study reports on the effects of biostimulation
and bicaugumentation strategies on soil urease
activitiesin crude oil polluted microcosm.

Materials and M ethods

Experimental soil

Composite soil sample was collected from an
abandoned petroleum hydrocarbon polluted site
(HCPS) from Gokana Local Government Area of

Experimental Design

Rivers State, Nigeria. Sample was collected from
topsoil surface layer at depths of 0-30 cm using a
soil augur.

Bonny light crude il (BLCO) used as a pollutant
was obtained from Port Harcourt Refinery
Company, Eleme, Rivers State, Nigeria. Other
chemicals used were analytica grade obtained from
United Kingdom.

Table 1. Experimental rangein the Full-factorial Box-Behnken Design and the L evel of Variables.

Std Run Pt Blocks Stimulant

Order Order Type

1 1 2 1 20
2 2 2 1 40
3 3 2 1 20
4 4 2 1 40
5 5 2 1 30
6 6 2 1 30
7 7 2 1 30
8 8 2 1 30
9 9 2 1 20
10 10 2 1 40
11 11 2 1 20
12 12 2 1 40
13 13 2 1 30
14 14 2 1 30
15 15 2 1 30
16 16 2 1 30
17 17 2 1 20
18 18 2 1 40
19 19 2 1 20
20 20 2 1 40
21 21 2 1 30
22 22 2 1 30
23 23 2 1 30
24 24 2 1 30
25 25 2 1 30
26 26 2 1 30
27 27 2 1 30

The table above provides the design for four
factors (stimulant, time, inoculum, and pollutant
concentration) and four levels which includes;
concentration of crude oil (50-100 mi),
concentration of stimulant (20-40 grams), time (20-

Time

20
20
60
60
40
40
40
40
40
40
40
40
20
60
20
60
40
40
40
40
20
60
20
60
40
40
40
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Inoculum Pollutant Conc
30 75
30 75
30 75
30 75
20 50
40 50
20 100
40 100
30 50
30 50
30 100
30 100
20 75
20 75
40 75
40 75
20 75
20 75
40 75
40 75
30 50
30 50
30 100
30 100
30 75
30 75
30 75

60 days) and concentration of inoculum (20-40 ml).
These gave 27 runs with specific parameters
generated by Response Surface methodology
(RSM).
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Sample preparation

Two kilograms each of soil sample was weighed
into 36 different, dightly perforated, and labeled
polyethylene bags (microcosms). The perforations
were made for proper aeration of the soil. Nine (9)
of the 36 soil samples were used for control. The
soil samples were then spiked with crude ail to
simulate the soil samples. It was done with different
concentrations of the pollutant (crude oil) according
to experimental design. Each bag was thoroughly
mixed to achieve an even distribution of the crude
oil and a maximum percentage of artificia
contamination.

Media

Bushnell Haas Agar (BHA) was used as the
enrichment  culture  medium  for  studying
hydrocarbon deterioration by microorganisms
(Bushnell and Haas, 1941). BHA was prepared
following standard method.

| solation and enumeration of microbes from soil
samples

One gram (1 g) from each of the amended soil
samples (1-27) was weighed into sterilized
universal bottles that contained 9.0 mis of sterile
water and was serialy diluted to 10°. Thereafter,
0.1 ml of the suspension was aseptically dispensed
to the center of the Nutrient agar (NA) for bacteria,
while 0.1ml of the 4th dilution (107 was
aseptically transferred to the center of the
appropriately labelled BHA plates for hydrocarbon
degrading bacteria. Whatman filter paper 42
saturated with crude oil was aseptically placed on
the lid of the inverted BHA petri plates for vapour
phase transfer technique (Amanchukwu et al., 1989;
Chikere and Azubuike, 2013. The culture plates
were then incubated at 28+2°C for 24 hours and 7
days for NA and BHA plates respectively
(Odokuma and Ibor, 2002).

| dentification of Bacterial Strains

During isolation, colonies that appeared were
selected and streaked on nutrient agar plate to
obtain a pure culture. The morphologically distinct
bacterial colonies that developed on Bushnell Haas
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Agar supplemented with crude oil were purified on
nutrient agar and identified based on
morphological, microscopy and biochemica
characteristics according to Bergey and Holt
(2000), Cappuccino and Sherman (2011) and Mulet
et al. (2018).

Molecular Identification of Bacterial Strains

The isolates were phylogenetically amplified,
identified, and differentiated by 16S rRNA
sequencing using the pair of universal primers 27F:
5-  AGAGTTTGATCMTGGCTCAG-3* and
1492R: 5CGGTTACCTTGTTACGACTT-3’
(White et al. 1990) on an ABI 9700 Applied
Biosystems thermal cycler, a the final volume of
40 microliters for 35 cycles. The sequencing
conditions were as follows 32 cycles of 96°C for
10s, 55°C for 5s and 60°C for 4 minutes. Resulting
sequences were edited using the bioinformatics
algorithm Trace edit. Also, similar sequences were
downloaded from the Nationa Center for
Biotechnology Information (NCBI) database using
BLASTN. These sequences were aligned using
MAFFT. The evolutionary history was inferred
using the Neighbor-Joining method in MEGA 6.0
(Saitou and Nei, 1987). The bootstrap consensus
tree inferred from 500 replicates (Fel senstein, 1985)
was taken to represent the evolutionary history of
the taxa analyzed. The evolutionary distances were
computed wusing the Jukes-Cantor method.
Consequently, the 16s rRNA of the isolate showed
a percentage similarity to other species at 100% and
revealed a closaly relatedness to Bacillus cereus
strain BAB 888 (KC250233).

Soil Urease Enzyme Assay

Urease was determined using spectrophotometry. 5
g of soil sample and 9 ml of distilled water were
added into 25 x 150 mm capacity screw-capped
tubes. The contents were gently mixed, followed by
the addition of 1 ml of 0.2 M urea which were
swirled and incubated at 37 + 0.5°C for 2 hoursin a
water bath. 15 ml of KCI-Ag,SO, solution was later
added and kept for 1 hour. After which 1 ml of
supernatant was collected from it and transferred to
a 25 ml volumetric flask. Findly, 1 ml of
ethylenediaminetetraacetic acid (EDTA) was added,
followed by the addition of 2 ml of phenol-
nitroprusside and 8 ml of buffered hypochlorite

reagent.
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The volume was then brought up to the mark by the
addition of 7 ml of distilled water and placed in the
water bath for 40 minutes. The flask was removed
from the water bath and brought to room
temperature and the absorbance of the blue
coloured complex was read at 636 nm.

Statistical Analysis

Differences in the rate of hydrocarbon degradation
and microbia analysis across the different
experimental conditions were analyzed using
graphing data. Frequency distribution table and bar
graphs regarding microbiological analysis of crude

oil polluted soil bio-stimulated with cow dung and
bacterial inoculum were performed using the “two
descriptive statistics”. Data obtained in the enzyme
assay were analyzed using the Second Order
Surface Design. Differences were considered
significant at p<0.05

Results

The bacterial strains isolated from crude oil
polluted soil sample were identified based on their
colony morphology and microscopic morphology
(Table 1), biochemica tests (Table 2), and
molecular characterization (Figure 1).

Table 1: Colony Morphology of Bacterial isolates

Characteristic X3
features
Pigmentation Off-white or
slightly
yellow
Colony Surface Shiny,
smooth and
flat
Colony Margin Jagged
edges or
entire

Opacity of Colony Opague

Shape Rod
Gram-stain +ve

Moatility Motile

X2 X3 X4
Greenish - Deep golden Creamto
blue yellow or white or
orange gray

Smooth, large, Smooth, raised  Flat, and

and flat and shiny rough

Undulate Clustered Waxy
appearance edges or

entire

Opague Shiny opague Opague
colonies

Rod Cocci Rod
-ve -ve +ve
Motile Non-motile Motile
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Table 2: Biochemical Test Results of Bacterial isolates

Biochemical Tests X1 X5
Catalase test - +
Citrate utilization - +

Indole production - -

Methyl-red reaction - -

(M.R)
Nitratereduction + +
Oxidase test + +

Urease activity test - -

V oges-Proskaeur (V - -

P) test
M ost Probable Bacillus Pseudomonas
| dentity subtilis sp

W Facilis 56

X3 X4
+ +
- +
+ -
+ +
+ +
- +
Saphyl ococcus Bacillus
sp cereus

v asiRTy Baciilis cereus strain BAS-REE

w1 Hacilus cereas

We HaciIs Vel 2Ers
kiisaad Bocilis s, ciune 3F
wirr1zse Bacilug velerensis strain SV FER

priasis Barlls emylolyunfaciens stigin YCL6

Fig. 1. Phylogenetic tree for bacterial isolates from crude oil polluted soil based on the 16s rRNA gene

sequence.

The obtained 16s rRNA sequence from the isolate
produced an exact match during the mega blast
search for highly similar sequences from the
National Center for Biotechnology Information
(NCBI) non-redundant nucleotide (nr/nt) database.
The 16s rRNA of the isolate M1 showed a
percentage similarity to other species at 100%. The
evolutionary distances computed using the Jukes-
Cantor method were in agreement with the
phylogenetic placement of the 16s rRNA of the
isolate M1 within the Bacillus sp, and revealed a
closely relatedness to Bacillus cereus strain BAB
888 (KC250233) than other Bacillus sp (Fig. 1) and
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a phylogenetic tree was made using Molecular
Evolutionary Genetics Anaysis version 6.0
(MEGA®B). (Tamura, 2013).

Tables 3 and 4 shows the bacteria counts of
heterotrophic bacteria and hydrocarbon degrading
bacteria in crude oil polluted soil with biostimulant
(cow dung) and microbia analysis of crude oil
polluted soil supplemented with biostimulant (cow
dung) and inoculum biomass. Tota bacteria
population was higher on BHA than on NA in
Tables3 and 4.
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Table 3: Total count of heter otrophic bacteria and hydrocar bon degrading bacteriain crude oil
polluted soil amended with biostimulant (cow dung)

Soil sample Bacteriaon NA Bacteriaon BHA

code (Cfulg) (Cfulg)
1 3.3x10° 2.42 x 10’
2 5.9 x10’ 2.68 x 10’
3 1.4 x10° 2.4x10°
4 3.1 x10’ 3.14 x10’
5 9.5 x10’ 2.18 x 10’
6 2.4x10’ 2.18 x10’
7 2.3x10’ 1.8 x 10’
8 2.8 x10’ 3.54 x10’
9 4.2 x10’ 3.82 x10’
10 2.98 x10’ 1.84 x10’
11 3.1x10’ 3.62x10’
12 4.1 x10’ 2.0x10°
13 3.7 x10’ 3.16 x 10’
14 7.2 x10’ 25x10°
15 1.8 x10’ 8.6 x 10°
16 4. x10° 2.9x10°
17 3.8x10’ 4.8 x10’
18 4.2 x10’ 2.0x10°
19 3.2 x10’ 8.4 x10°
20 4.0 x10’ 3.28 x10’
21 3.5 x10’ 1.8 x10°
22 7.4x10’ 2.0x10°
23 2.2 x10’ 2.25 x10’
24 2.6 x10’ 2.48 x 10’
25 2.36 x10° 4.12 x 10’
26 9.5 x10’ 3.2x10°
27 1.6 x10’ 5.2 x 10°

Key: BHA = Bushneli Haas Agar, NA = Nutrient Agar, Control 50, 75, 100 = control containing pollutant
(crude ail) only, Control +1, +2, +3 = control containing biostimulant (cow dung) only, and Control - = control
without pollutant and amendment.
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Table 4: Microbial analysis of the crude oil polluted soil containing Biostimulant (cow dung) and

inoculum biomass

Soil sample Bacteriaon BHA Bacteriaon NA
code (cfu/g) (cfu/g)
1 2.98 x 10’ 1.1x10°
2 2.96 x 10’ 2.7x 10’
3 2.95x 10’ 1.6x 10’
4 2.86 x 10’ 1.3x 10’
5 7.8x 10° 5.2 x 10’
6 2.99 x 108 1.14x 10°
7 3.0x10° 7.0x 10°
8 2.97 x 10’ 1.1x10°
9 2.86 x 10’ 3.1x10°
10 2.69 x 10’ 1.76 x 10°
11 2.56 x 10’ 6.2 x 10’
12 2.81x 10’ 6.4 x 10’
13 2.97 x 10’ 9.8 x 10’
14 2.56 x 10° 2.0x 10’
15 2.89 x 10° 1.2x 10’
16 2.86 x 10° 2.3x10’
17 2.92x 10’ 1.4x 10’
18 2.8x 10’ 45x 10’
19 2.86 x 10’ 1.76 x 10°
20 2.99 x 10’ 3.1x 10’
21 2.97 x 10’ 3.0x 10°
22 1.38 x 10’ 6.4 x 10’
23 2.89x 10’ 7.2x 10’
24 1.4 x 10° 2.1x 10’
25 2.98 x 10’ 5.0 x 10°
26 2.99 x 10’ 3.1x 10’
27 2.58 x 10’ 49x 10’

Key: BHA = Bushneii Haas Agar, NA = Nutrient Agar, Control 50, 75, 100 = control containing concentration
of pollutant (crude oil) only, Control +1, +2, +3 = control containing biostimulant (cow dung) only, and
Contral - = control without pollutant and amendment.

Figure 2 shows Residua plots for soil urease
activity in biostimulation/inoculum in crude oail
polluted soil. Plot indicating interaction effects of
urease Vs pollutant, time in
biostimulated/augmented  crude oil contaminated
soil is shown in Figure 3. Contour Plot indicating
interaction effects of urease vs inoculum, time in
soil crude oil biostimulation/inoculum biomass and
Plot indicating interaction effects of urease vs
pollutant, inoculum in crude oil biostimulated and
bioaugmented soil are shown in Figures 4 and 5
respectively.
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Figure 6 shows the main effect plot and the mean of
Urease for the different levels of the factors
(Stimulant, Time, Inoculum and Pollutant).
Interaction Plot for Catalase showing the mean
urease for the interaction between Inoculum and
pollutant in biostimulated and inoculated crude and
Optimization Plot showing the value of each factors
(values in red color) which produces the maximum
value for Urease (blue color) in amended and
bioaugmented crude oil polluted soil are shown in
Figures 7 and 8 respectively.
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Optimization for Effects of Factorson Urease Activity versus Stimulant, Time, Inoculum, and Pollutant

Residual Plots for Urease

Normal Probability Plot Versus Fits
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Figure 2: Residual plotsfor soil urease activity in biostimulation/inoculum in crude oil polluted soil

Contour Plot of Urease vs Inoculum, Time

Urease
m <08
Wo0s- 10
Wio-12

12-14
Wi4-16
W16-18
m -8

Hold Values
Pollutant 75

Inoculum

40
Time

Figure 4: Contour Plot indicating interaction effects of urease vsinoculum, time in soil crude ail
biostimulation/inoculum biomass

Contour Plot of Urease vs Pollutant, Time
100

Urease
W <08
Wos- 10
Wi10-12

12-14
Wi4-16
Wi6-18
m 18

Hold Values
Inoculum 30

Pollutant

40 ‘ 60
Time
Figure 3: Plot indicating interaction effects of urease vs pollutant, time in biostimulatied/augmented crude
oil contaminated soil
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Contour Plot of Urease vs Pollutant, Inoculum
100

Urease

u <160
W 160 - 165
W 165 - 170

170 - 175
W 175 - 180
180 - 185
u > 185

Hold Values
Time 40

Pollutant

30
Inoculum

Figure5: Plot indicating interaction effects of urease vs pollutant, inoculum in crude oil biostimulated and
bicaugmented soil

Main Effects Plot for Urease
Fitted Means

Time Inoculum Pollutant

200

150

Mean of Urease

125

1.00

20 40 60 20 30 40 50 75 100

Figure 6: The main effect plot showsthe mean of Urease for the different levels of the factors (Stimulant,
Time, Inoculum and Poallutant).

Interaction Plot for Urease
Fitted Means

Time * Inoculum Inoculum
20
30
40

Time * Pollutant Inoculum * Pollutant Pollutant
J— 50
_ 75
e 100

Mean of Urease

2 N 4 s & 2 5 0 3B 4
Time Inoculum

Figure 7: Interaction Plot for Catalase displaying the mean urease for the interaction between I noculum and
pollutant in biostimulated and inoculated crude oil polluted soil
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Figure 8: Optimization Plot showing the value of each factors (valuesin red color) which produces the maximum
value for Urease (blue color) in amended and bicaugmented crude oil polluted soil

Discussion

The colony cell morphology and the biochemical tests
of petroleum hydrocarbon degrading organisms from
the soils were identified by the methods of Udgire et
al. (2015).

Results from the bioremediation studies showed that
the polluted soil contained an array of hydrocarbon
utilizing bacteria belonging to the genus Bacillus,
Pseudomonas, and Staphylococcus genera Some of
these bacteria genera have also been reported in
hydrocarbon degradation by Wokem et al. (2017). Al-
Dhabaan (2019) and Olawepo et al. (2018) recorded
the presence of Staphylococcus aureus and Bacillus
subtilis in polluted soil amended with cow dung.
Tavassoli et al. (2012) and Jahromi et al. (2014),
reported that species of Pseudomonas Staphylococcus
and Bacillus prefer resins and asphaltenes, petroleum
hydrocarbon component as substrates.

Morphological, microscopic, physiological, and
biochemical characteristics in addition to the 16s
rRNA gene sequences suggested close relationship
with 98-100% identity to Bacillus cereus strain BAB
888 (KC250233) as the major degrading bacteria
isolated from the polluted soil.

The bacterial inoculum biomass and amendment under
soil microcosms experiment also showed positive
degradation ability. The highest colony forming units
per gram (CFU/qg) of the utilizing bacteria populations
in the amended and bioaugmented microcosms using a
single strain of isolate via inoculum biomass recorded
3.0 x 10° to 1.76 x 10° CFU/g on nutrient agar and 3.0
x 10° to 2.99 x 10° CFU/g™* on BHA' The HUB counts
increased remarkably from 10" — 10® Cfu/g. Thus,
suggesting that the seeded microorganism adapted
quickly to the petroleum hydrocarbon polluted soil and
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was able to make use of the crude oil as the sole
carbon source. Diaz-Ramirez et al. (2013) reported
that the number of viable counts increased with the
bicaugmentation strains. According to Okerentugba et
al. (2016), microbid communities exposed to
hydrocarbons adapt to this exposure through selective
enrichment and genetic changes resulting in an
increase in hydrocarbon degradation. The increase in
the density of the microbial populations could ensure
the rapid degradation of the pollutants.

Residual plot was obtained from Response Surface
Regression of wurease versus Stimulant, Time,
inoculum, and Pollutant analyzed. The data satisfies
the assumptions of the second order model and can be
used to make decisions. The residuas also have a
constant variance since there is no systematic pattern
from the graph of residual against the fitted value.
Also, there is no trend in the graph of residua against
observation order which suggest that the residuals are
independent from each other. The main effect plots
shows how Urease increases with an increase in Time,
Inoculum and Pollutant from level 20, 20 and 50
respectively till it gets to level 40, 30 and 75
respectively after which it starts decreasing.

In this study, the response of the soil enzyme ureaseto
crude oil was coincident with microorganism response
to these compounds, that is, the amended and
inoculated crude oil polluted soil had an increased
counts of microorganisms and also responses of the
soil enzymes. This is logical, because microbia
populations represent the major source of soil enzymes
(Datta et al., 2017). It should be noted that organic
matter not only activates metabolism  of
microorganisms but aso is favourable for
decomposition of organic pollutants (Junter et al.,
2002).
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Conclusion and Recommendations

This study concluded that bioremediation of crude oil-
polluted soil enhanced petroleum hydrocarbon
degradation. Regardless of some contradictory reports,
biostimulation and bioaugmentation athough distinct
from each other, proved to be an effective strategy for
cleaning up oil spill sites and should be used as
complementary techniques for the remediation of oil
contaminated sites. It can be concluded that that RSM
is a reliable and powerful tool for modeling and
optimization of enzyme activity and PAH
bioremediation processes. In addition, bioremediation
of crude oil polluted soil using bioaugmentation
technique should be amended with organic nutrient to
enhance its efficiency.
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