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Abstract

The objective of this work was to investigate and evaluate the effect of inorganic nutrient (NPK fertilizer),
hydrogen peroxide and their combinations on the kinetics of bitumen degradation by autochthonous microorganisms
in the soil. The study was carried out by artificially contaminating an un-impacted tropical soil with 40 g/kg of bitumen
in plastic bins and amended with various amount of NPK fertilizer (1.63 g, 2.10 g and 2.56 g), hydrogen peroxide
(0.5 g and 1.0 g) and combinations of NPK fertilizer and hydrogen peroxide (2.13 g, 2.60 g and 3.06 g), respectively.
The bioremediation was carried out for 21 days. Results showed that inorganic NPK fertilizer, hydrogen peroxide
and their combinations stimulated microbial growth and enhanced bitumen biodegradation. The bacterial count and
percentage total petroleum hydrocarbon degradation relatively increased with increase in the amount of inorganic
nutrient and oxygen release compound used in this study. More than 50% of the hydrocarbons were degraded
within each remediation period. The combined addition of inorganic NPK fertilizer and hydrogen peroxide provided
the highest percentage biodegradation (>60%). Under abiotic conditions, no total petroleum hydrocarbon removal
was observed while a maximum of 10.8% total petroleum hydrocarbons removal was obtained in unamended soil
(natural attenuation) experiment. A first-order kinetic model successfully described the bitumen biodegradation. The
model revealed that bitumen contaminated-soil microcosms amended with inorganic nutrient and oxygen release
compound had higher biodegradation rate constants, as well as lower half-life times, than unamended soil (natural
attenuation) remediation system. The biodegradation rate constant was higher with lower half life time as the amount

of inorganic nutrient and oxygen release compound in soil increased.
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Introduction

Petroleum is a complex mixture of hydrocarbons formed from
the geologic transformation and decomposition of plants and animals
that lived hundreds of millions of years ago [1]. Generally, petroleum
encompasses the liquid (crude oil), gaseous (natural gas), and viscous or
solid (bitumen asphalt) forms of hydrocarbons that occur in the Earth,
however, the meaning is often restricted to the liquid oil form. Nigeria
is blessed with vast deposits of natural bitumen [2] with a proven
reserve of 42.47 billion metric tonnes, the second largest in the world,
covering about 120x4.3 km [3]. Bitumens are classified into following
groups: Mineral waxes, Asphalts, Asphaltites and Oil-shale bitumen.
Bitumen mixed with mineral matter is defined as asphalt. Bitumens
are solid or semisolid hydrocarbons which are sticky, black and highly
viscous [4]. It exhibits thermoplastic behaviors softening when heated,
becoming mobile liquids on further heating and returning to their
original state on cooling. They are naturally occurring substances
that are considered to be complex mixtures of high-molecular-weight
hydrocarbons with relatively low hydrogen to carbon ratio [5] and non-
hydrocarbons which can be separated into fractions consisting of oily
material, resins, asphaltenes, and carbenes. These fractions merge into
one another and their atomic C/H ratio increases with each succeeding
member, except for the carbenes which differ mainly in having more
oxygen than the asphaltenes. Three types of hydrocarbons are present
in bitumens: paraffinic, naphthenic, and aromatic hydrocarbons.
Non-hydrocarbons in bitumen have heterocyclic atoms consisting of
sulphur, nitrogen, [6], iron and vanadium [7].

Petroleum hydrocarbons cause a variety of risks when released in
a relatively high concentration into the environment. It is physically,

chemically and biologically harmful to soil because of its toxicity. It
can cause chronic sub-acute toxicological effect (reduced growth and
reproduction, poor health, low recruitment rates), which can alter
population dynamics and disrupt tropic interactions and the structure
of natural communities within ecosystems [8].

The remediation processes leading to the eventual removal of
these petroleum hydrocarbons from the environment involve the trio
of physical, chemical and biological alternatives [9]. Bioremediation
technologies are currently receiving favourable attention as promising
cost effective and environmentally friendly treatment technologies for
theremediation hydrocarbons[10,11]. Bioremediationistheapplication
of biological treatment to clean up environment contaminated with
hazardous chemicals. It involves detoxification where the pollutant
may be converted to less toxic substances and mineralization, where
the waste material can be converted into inorganic compounds such
as carbon dioxide, water, methane and sometimes fatty acids [12].
Bioremediation is not new to human race but new approaches that
stem from advances in molecular biology and process engineering are
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emerging. Microbes bioremediate the environment as they biodegrade
the pollutant to obtain carbon and energy, Biodegradation specifically
refers to chemical breakdown or mineralization of materials facilitated
by biological organisms or products [13].

Nonetheless,  biodegradation  efficiencies of  petroleum
hydrocarbons in soil can be limited by physicochemical as well as
biological factors, such as nutrients, pH, temperature, oxygen, number
and type or species of microorganisms [14,15]. Thus, petroleum
hydrocarbon pollution tends to persist in soils until bioremediation
measures, involving the application of nutrients are resorted to,
because oxygen and nitrogen are limiting factors in all types of
petroleum degradation. Oxygen levels must be high enough for the
breakdown of hydrocarbons. Thus, pollutant degradation rates can be
enhanced by the addition of nutrients, oxygen, and primary substrates
into the contaminated systems. This could increase the populations of
indigenous microorganisms and thus improve the efficiency of pollutant
biodegradation. Biostimulation can be considered as an appropriate
remediation technique for petroleum hydrocarbon removal in soil and
requires the evaluation of both the intrinsic degradation capacities of the
autochthonous microflora and the environmental parameters involved
in the kinetics of the in situ process. In biostimulation technology,
nutrient supplementation for petroleum hydrocarbon degradation has
traditionally focused on addition of nitrogen (N) and phosphorus (P),
either organically or inorganically. The effects of nutrients (i.e. NPK),
aeration and biostimulation of indigenous soil microorganisms and
inoculation of extraneous microbial consortia on the bioremediation
of oil contaminated soil have been investigated [16,17].

In recent times, researchers have focused on the use of Oxygen-
Release Compounds (ORCs) to promote the direct oxidation of
pollutants and, at the same time, to increase aerobic microbial
degradation [18-22]. The introduction of pure oxygen rather than air
can significantly increase the Dissolved Oxygen (DO) concentrations
[18]. Injection of hydrogen peroxide (H,0,) is one of the methods to
increase the DO concentrations. A significant portion of contaminants
in soils has been found to be oxidized by H,0O, without any addition of
soluble iron [18,23] and the mineral catalyzed Fenton-like reaction was
proposed to describe the oxidation occurring in the natural soils. One
of the advantages of applying Fenton-like oxidation for contaminant
oxidation is that the produced oxygen during the decomposition of
H,0, would increase the DO concentration. This would enhance the
aerobic biodegradation rate of contaminant [24]. The exploitation
and exploration of the Nigerian natural bitumen deposits can best be
described to be at the planning stage [25]. According to Olabemiwo
et al. [25], major studies on the Nigerian bitumen were concentrated
on geological surveying of the deposits and the composition and
engineering properties of the bitumen. Nevertheless, very few studies
on the potential biodegradation of bitumen by bacterial monoculture
and consortium has been reported [1,25,26], however, there is a dearth
of information on the use of inorganic fertilizer (NPK) and ORC for
biostimulation of autochthonous microflora in the bioremediation
of bitumen contaminated soils. Therefore, the objective of this work
was to study the bioremediation of soil artificially contaminated with
Nigerian bitumen via biostimulation strategy, using inorganic fertilizer
(NPK 20:10:10) and oxygen release compound (hydrogen peroxide) as
biostimulating agents; and to evaluate their effects on the kinetics of
bitumen biodegradation.

Materials and Methods
Source and collection of samples

An un-impacted soil samples used for the study was collected from
the surface layer of the vadose zone (15-30 cm) below land surface of
Ladoke Akintola university of Technology (LAUTECH) agricultural
farm land, Ogbomoso, Nigeria. The soil samples were air dried,
homogenized, passed through a 2-mm (pore size) sieve and stored in
a polyethylene bag and kept in the laboratory prior to use. Bitumen
samples were obtained from Agbabu village in Ondo State of Nigeria.
It was collected from the well located at the back of the King’s palace.
Agbabu is the place where bitumen was first discovered in Nigeria in
1910 [2] and the first bitumen well NBC-7 was drilled there.

Soil sample and bitumen characterization

Soil samples were characterized for their physicochemical
parameters according to standard methods. Total organic carbon and
Total Nitrogen of soil were determined using Walkley-Black and Macro-
Kjeldahl methods respectively [27,28]. Soil pH was determined using
pH meter fitted with a combined glass pH and reference electrode. Soil
moisture content was determined by evaporation on Whatman filter
paper NO 1 (BDH Chemicals England) at 103° to 105°C in an electrical
oven. Available phosphorus was determined using Bray NO 1 Method
[27,28]. The determined soil parameter values are as follows: moisture
content 11 + 0.2%, total nitrogen 0.25 + 0.04%, available phosphorus
0.10 £ 0.03%, potassium 0.28 + 0.04%, and total organic carbon 1.15 +
0.02%, pH 7 + 0.2. The soil characterization showed that the soil did not
fulfill the nutrient (NPK) requirements for an efficient biodegradation
process. Therefore, these elements were added in the form of NPK
inorganic fertilizer (20:10:10) to provide the proper nutrients required
for the biodegradation process. The elemental compositions of the
bitumen were carried out on a Carlo Erba NA 1500 C/N/S Analyzer.
The determined elemental composition percentage by weight of the
bitumen is: carbon 81.5%, hydrogen 10.56%, sulphur 0.73%, oxygen
1.49% and nitrogen 0.99%.

Bioremediation of bitumen-spiked soil

Bioremediation experiments were conducted in plastic bin reactor
with a volume of about 3 L. Soil samples (1 kg) were artificially
contaminated with bitumen to a level of 40 gkg'. The bitumen-
contaminated soil was transferred into each reactor (microcosm) and
the soil humidity was adjusted to 20-25%, which corresponds to 70-80%
of the soil water holding capacity [29]. The microcosms were amended
with: (i) 15:15:15 NPK fertilizer (1.63, 2.10 and 2.56 g) (ii) Hydrogen
peroxide (0.5 and 1.0 g) and (iii) NPK fertilizer and hydrogen peroxide
mixture in the ratio 3.3:1,4.2:1 and 5.1:1 equivalent to a total amount of
2.13 g,2.60 g and 3.06 g, respectively. Soil used as control was sterilized
by autoclaving at 121°C and 15 psi for 1 h for three alternate days [30]
before contamination with bitumen and was further treated with the
biocide HgCl as an abiotic control to show the effect of evaporation and
other physical reactions in the absence of microbial activity. A natural
attenuation test was carried out; the bioreactors were prepared without
NPK or hydrogen peroxide supplementation. All tests were conducted
in triplicate. In total, 30 microcosms were settled and incubated for three
weeks (21 days). To guarantee oxygen supply, the soil was aerated manually
every 72 h using a glass stirring rod. Soil sampling for residual bitumen
in terms of Total Petroleum Hydrocarbon (TPH) and total heterotrophic
bacteria analysis was carried out at intervals of 7 days by collecting 10 g of
the soil from three equidistant locations. This was performed to mix and to
homogenize the soil samples to get a unique final sample.

J Microbial Biochem Technol

Chemical Engineering Science

ISSN:1948-5948 JMBT, an open access journal



Citation: Agarry SE, Oghenejoboh KM (2014) Biodegradation of Bitumen in Soil and Its Enhancement by Inorganic Fertilizer and Oxygen Release
Compound: Experimental Analysis and Kinetic Modelling. J Microbial Biochem Technol S4: 002. doi:10.4172/1948-5948.54-002

Page 3 of 8

Determination of microbial (total hydrocarbon-degrading
bacteria) count

Quantification  of the Total Hydrocarbon-Degrading
Microorganisms (THDB) present in the soil samples was determined at
the beginning of the experiment (time zero) and after 7, 14 and 21 days
of remediation time by the pour plate count technique. Soil samples (10
g) was transferred into sterilized Erlenmeyer conical flasks containing
90 mL of sterile 0.9% (m/v) NaCl solution and then shaken in a shaker
for 15 min at 150 rpm. Samples (1 mL) were subjected to a serial 10-fold
dilution procedure and cultivated in a nutrient agar medium. Three
plates were inoculated for each dilution. The plates were incubated
at 30°C for 48 h and the number of colony forming units (CFU) was
counted in each sample. The results were expressed as colony-forming
units per gram of dry soil (CFU/g dry soil). All microbiological counts
and experiments were carried out in triplicate. The hydrocarbon
degrading bacterial types isolated from the soil samples were mainly
Acinetobacter, Bacillus, and Pseudomonas species.

Extraction of residual bitumen and determination of total
petroleum hydrocarbon

The extent of utilization of the Total Petroleum Hydrocarbon
(TPH) in the bitumen was estimated gravimetrically. The procedure
for the extraction of bitumen residues in soil was performed according
to Quintero et al. [31], as follows: (i) aliquots of 5 g of dry homogenized
soil were transferred to a centrifuge tubes and mixed with 4:1:5 water—
methanol-hexane solutions. (ii) The tubes were hermetically sealed and
shaken for 10 min in a vortex in order to attain the transport of bitumen
from soil to the organic phase and centrifuged at 2500 rpm for 10 min
with the formation of two different layers. The upper layer which was
organic phase layer contained biodegraded bitumen and lower layer
was aqueous phase. (iii) The organic phase layer was collected into a
pre-weighed beaker using separating funnel. The process was repeated
thrice and the combined organic phase layer was allowed to evaporate
to dryness at room temperature and the beaker and its content was
weighed. The extracts were re-dissolved in n-hexane and taken for
gas chromatography analysis. Residual bitumen in terms of TPH
extracted from soil was analyzed in a Hewlett- Packard GC-FID (HP
6890) equipped with Flame Ionization Detector (FID) and a fused silica
capillary column (30 mx0.25 umx0.25 um film thickness. Nitrogen
was the carrier gas and flow at a rate of 30 ml min" and pressure of
30 psi. For the quantification of aliphatic hydrocarbons, all runs were
carried out under the following conditions: initial column temperature
60°C; was held isothermally for 2 min and was increased to 260°C at
a heating rate of 10°C/min for 20 min. It was isothermally held at this
temperature for 2 min and thereafter increased to 320°C at a heating
rate of 12°C/min for 5 min. The injector and detector temperatures
were 250°C and 350°C, respectively. For the quantification of aromatic
hydrocarbons, all runs were carried out under the following conditions:
initial column temperature 68°C and was held at this temperature for
2 min after which it was increased to 260°C at a heating rate of 12°C/
min for 16 min. It was isothermally held at this temperature for 4 min
and then increased to 320°C at a heating rate of 15°C/min for 4 min
and maintained at this temperature for 8 min. The injector and detector
temperatures were 300°C and 320°C, respectively. Sample volume
injected was 2 pl [32]. Calibration curves for the aliphatic and aromatic
hydrocarbons were prepared using their standard solutions supplied by
manufacturer of the equipment.

Kinetic model analysis

Kinetic analysis is a key factor for understanding biodegradation

process, bioremediation speed measurement and development
of efficient clean up for a petroleum hydrocarbon contaminated
environment. The information on the kinetics of soil bioremediation
is of great importance because it characterizes the concentration of
the contaminant remaining at any time and permit prediction of the
level likely to be present at some future time. Petroleum hydrocarbon
biodegradation rates are usually difficult to predict due to the
complexity of the environment [33]. Nevertheless, biodegradation rate
of organic compounds by microorganisms is often described by the
equation as follows [34]:

= n® M
k+c

Where g is biodegradation rate, g is maximum specific
biodegradation rate, ¢ is the substrate concentration and k is half-
saturation constant. If ¢ « k; Eq. (1) can be reduced to:

g=" @
k
Eq. (2) is a typical first-order model. The use of first-order kinetics
in the description of biodegradation rates in environmental fate models
is common because mathematically the expression can be easily
incorporated into the model [30]. Assuming

k, = (qm/k)

and integrating Eq. (2), the following relation of substrate concentration
to time can be obtained as given in Eq. (3):

Inc=a+kt (3)
Estimation of biodegradation half-life times

The biological half-life is the time taken for a substance to lose half of
its amount. Biodegradation half-lives are needed for many applications
such as chemical screening [35], environmental fate modeling [36] and
describing the transformation of pollutants [37,38]. Biodegradation
half-life times (¢, ) are calculated by Eq. (4) [39,40]:

P In2

1/2 k
Where is the biodegradation rate constant (day"). The half-life
model is based on the assumption that the biodegradation rate of

hydrocarbons positively correlated with the hydrocarbon pool size in
soil [41].

“)

Data analysis

The data were subjected to one-way analysis of variance (ANOVA)
at 5% probability. The data analysis was performed using statistical
package for social sciences, version 16.0 (SPSS Inc., Chicago, IL, USA).

Results and Discussion

Removal of total petroleum hydrocarbons

The level of bitumen biodegradation in soil amended with
different amount of inorganic NPK fertilizer, hydrogen peroxide and
combination of NPK fertilizer and hydrogen peroxide are shown in
Figure 1a, b and c. Figure 1a shows the degradation profile of bitumen
in soil as a function of remediation time for 1.63 g, 2.10 g and 2.56
g of inorganic NPK nutrient amendment, respectively. Figure 1
revealed that the petroleum hydrocarbon degradation began during
the first week of remediation time in all the treatments and slowly
continued up to the third week. The % TPH degradation in the first
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Figure 1: Time course for the of biodegradation of bitumen under the influence of (a) varying amount of NPK
fertilizer, (b) varying amount of hydrogen peroxide, and (c) varying amount of combined NPK fertilizer+hydrogen
peroxide. Bars indicate the average of triplicate samples while the error bars show the standard deviation.

week of remediation was 16.2, 23.6 and 25.6% for soil amended with
1.63 g, 2.10 g and 2.56 g of NPK fertilizer, respectively. At the end of
the remediation time (day 21), there was 53.2%, 57% and 60.8% TPH
degradation in soil amended with 1.63 g, 2.10 g and 2.56 g of NPK
fertilizer, respectively, while 10.8% TPH degradation was observed in
unamended soil (natural attenuation). These observations indicates
that degradation of petroleum hydrocarbons in bitumen was relatively
higher at a greater amount of inorganic NPK fertilizer and that
amendment with inorganic fertilizer enhanced the biodegradation
(biostimulation) in comparison with the unamended contaminated soil
(natural attenuation). Similar observations have been reported for the
use of NPK fertilizer in the biodegradation of crude oil [16], petroleum
hydrocarbon mixtures [17] and fuel oil, diesel and kerosene [12]. It
has been reported that the addition of nitrogenous nutrient enhances
biodegradation of hydrocarbon-polluted soil, presumably by removing
the nitrogen limitation resulting from low natural level [40,42].

Figure 1b shows the degradation profile of bitumen in soil as a
function of remediation time for 0.5 g and 1.0 g of hydrogen peroxide
(oxygen release compound) amendment, respectively. It is seen from
Figure 2 that the petroleum hydrocarbon degradation began during
the first week of remediation time in all the treatments and slowly
continued up to the third week. The % TPH degradation in the first
week of remediation was 19.6 and 24% for soil amended with 0.5 g and
1.0 g of hydrogen peroxide, respectively. At the end of the remediation
time (day 21), there was 50.1% and 52.2% TPH degradation in soil
amended with 0.5 g and 1.0 g of hydrogen peroxide, respectively,
while 10.8% TPH degradation was observed in unamended soil

(natural attenuation). These observations indicates that degradation of
petroleum hydrocarbons in bitumen was relatively higher at a greater
amount of hydrogen peroxide and that amendment with oxygen
release compound (hydrogen peroxide) enhanced the biodegradation
(biostimulation) in comparison with the unamended contaminated
soil (natural attenuation). Similar observations have been reported
for the biodegradation of diesel [21], kerosene [20,21], pyrene
[19], benzene, toluene and xylene [43], fuel-oil [18], and crude oil
[21,44]. Furthermore, at the Traverse city, Michigan, bioremediation
of a contaminated site was achieved by an increase in the oxygen
concentration in water through addition of hydrogen peroxide and was
observed to positively affect the rate of biodegradation [45].

The biodegradation profile of bitumen contaminated soil amended
with two level combinations of inorganic NPK fertilizer and hydrogen
peroxide is shown in Figure lc. A rapid TPH reduction was observed
within the first week (day 7) for each combination treatment. During
this period, there was 25.3%, 26.2% and 30.5% TPH reduction in soil
amended with 2.13 g (NPK, hydrogen peroxide mixture), 2.60 g (NPK,
hydrogen peroxide mixture) and 3.06 g (NPK, hydrogen peroxide,
mixture) respectively. The % TPH degradation (or reduction) increased
to 55.6%, 60% and 60.4% at the end of remediation time (day 21) in soil
amended with 2.13 g (NPK, hydrogen peroxide mixture), 2.60 g (NPK,
hydrogen peroxide mixture) and 3.06 g (NPK, hydrogen peroxide,
mixture, respectively; while 10.8% TPH degradation was observed in
unamended soil (natural attenuation). A similar observation has been
reported for the combination of nitrogen, phosphorus and hydrogen
peroxide in the biodegradation of diesel, kerosene, used engine oil and
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Figure 2: Time course for the growth of Total Hydrocarbon Degrading Bacteria (THDB) under the influence
of (a) varying amount of NPK fertilizer, (b) varying amount of hydrogen peroxide, and (c) varying amount of
combined NPK fertilizer+hydrogen peroxide. Bars indicate the average of triplicate samples while the error bars

show the standard deviation.

crude oil by Bacillus cereus [21]. On the other hand, no reduction in
TPH was observed in the control microcosm where the soil had been
autoclaved three times at 121°C for 30 minutes each and HgCl treated
(Figure la-1c). This observation indicates the role and importance
of intrinsic or autochthonous microorganisms in the biodegradation
process of organic contaminants present in the environment [40].
That is, the efficiency of bioremediation is a function of the microbial
viability in the natural environment [46]. Nonetheless, the interaction
between the NPK and oxygen release compound (hydrogen peroxide)
in the amended contaminated soil suggest to impact on the intrinsic
microbial populations a higher growth rate and thus higher count
and higher hydrocarbon degradation as compared to inorganic NPK
fertilizer or oxygen release compound being used alone/singly.

Microbial growth

Figure 2a-2c shows the growth profiles of the Total Hydrocarbon
Degrading Bacteria (THDB) in bitumen contaminated soil amended
with different amount of inorganic NPK fertilizer, hydrogen peroxide
and combination of NPK fertilizer and hydrogen peroxide, respectively.

Generally, it is seen that the microbial (THDB) counts increased
from Day 0 to Day 21 in each of the four treatment microcosms.

For NPK-soil amended microcosms, the THDB count increased
from 2 to 9.5x10% CFU/g; 2.6 to 11.2x10° CFU/g; and 2.3 to 13.8x10°
CFU/g for 1.63 g, 2.10 g and 2.56 g of supplemented NPK fertilizer,
respectively (Figure 2a). While for the unamended soil microcosm
(natural attenuation), the THDB increased from 2.2 to 4.6x10° CFU/g.
This showed that the soil microcosms amended with inorganic NPK
fertilizer (biostimulation) enhanced the microbial growth rate which
accounted for the higher bacterial counts than the unamended soil
microcosm (natural attenuation). In addition, it indicated that higher
microbial counts were observed for microcosms with relatively higher
amount of inorganic NPK fertilizer. The higher microbial count in
microcosms with biostimulation may be due to high nutrient level,
which stimulated an increase in microbial population and activities,
thus leading to high energy (carbon) demand by the hydrocarbon-
degrading microorganisms. This has resulted in the increased reduction
of the Total Petroleum Hydrocarbon (TPH) in the remediation
treatments. Similar observations have been reported [12,47,48]. The
lower bacteria population in natural attenuation treatment may be
due to the presence of low nutrients. Zhou and Crawford [49] pointed
out that under low nutrient conditions, microorganisms did not have
enough nutrients for optimal growth; hence rate of biodegradation
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is low. And, under higher nutrient conditions, an optimal microbial
growth is likely favored which elicits higher biodegradation rate.
Knowledge of bioavailability of nutrients is necessary in the planning
of an efficient bioremediation strategy [50].

For oxygen release compound (hydrogen peroxide)-soil amended
microcosms; the THDB count increased from 2.4 to 9.0x10° CFU/g and
1.8 to 10.5x10° CFU/g for 0.5 g and 1.0 g of supplemented hydrogen
peroxide (Figure 2b). While for the unamended soil microcosm
(natural attenuation), the THDB increased from 2.2 to 4.6x10° CFU/g.
This revealed that the soil microcosms amended with oxygen release
compound (biostimulation) enhanced the microbial growth rate
which accounted for the higher bacterial counts than the unamended
soil microcosm (natural attenuation). Furthermore, it showed that
relatively higher microbial counts were observed for microcosms
with relatively higher amount of oxygen release compound. The
higher microbial count in microcosms with oxygen release compound
(hydrogen peroxide) may be due to the presence of relatively high
amount of oxygen level, which stimulated an increase in hydrocarbon
degradation (utilization for carbon and energy) by the hydrocarbon-
degrading microorganisms; which therefore resulted in higher
microbial growth. Similar observations have been reported [18,19,22].

The THDB count increased from 2.3 to 11.2x10° CFU/g; 2.5
to 13.9x10° CFU/g; and 2.0 to 17.2x10° CFU/g for contaminated
soil amended with 2.13 g (NPK, hydrogen peroxide mixture), 2.60
g (NPK, hydrogen peroxide mixture) and 3.06 g (NPK, hydrogen

peroxide, mixture, respectively (Figure 2¢c). While for the unamended
soil microcosm (natural attenuation), the THDB increased from 2.2
to 4.6x10% CFU/g. This observation showed that soil microcosms
amended with the combination of inorganic NPK fertilizer and oxygen
release compound (biostimulation) enhanced the microbial growth rate
which accounted for the higher bacterial counts than the unamended
soil microcosm (natural attenuation). Nonetheless, the interaction
between the NPK and oxygen release compound (hydrogen peroxide)
in the amended contaminated soil suggest to impact on the intrinsic
microbial populations a higher growth rate and thus higher count as
compared to inorganic NPK fertilizer or oxygen release compound
being used alone/singly.

Evaluation of biodegradation kinetics and half-life

First-order kinetics model equation (Eq. 2) fitted to the
biodegradation data (Figure 3a-3c) was used to determine the rate of
bitumen biodegradation in the various remediation treatments. The
values of the rate constants obtained from fitting of the model are
presented in Table 1.

The results in Table 1 as indicated by the high correlation
determination (R?) showed that the biodegradation of bitumen fitted
well to the first-order kinetic model. The half-life time of bitumen
biodegradation was calculated using Eq. (4). The biodegradation rate
constants (k) and half-life times (t,) for the different remediation
treatments are presented in Table 1. It is to be noted that the higher

Figure 3: First-order kinetic model fitted to the biodegradation data of bitumen under the influence of (a) varying
amount of NPK fertilizer, (b) varying amount of hydrogen peroxide, and (c) varying amount of combined NPK

fertilizer+hydrogen peroxide.
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Factors Kinetic Equation K@) R M0t
NPK-amended soil

1.63g C=-0.036t+1.075 0.036 0.984 19.3
210g C=-0.039¢+0.991 0.039 0.997 17.8
2.56 g C=-0.045t+1.003 0.045 0.998 15.4
Hydrogen peroxide-

amended soil

059 C=-0.032t+0.887 0.032 0.986 217
1.0g C=-0.034t+0.940 0.034 0.989 20.4
NPK+Hydrogen

peroxide-amended soil

2139 C=-0.037t+0.987 0.037 0.992 18.7
2.60g C=-0.042t+0.926 0.042 0.997 16.5
3.06 g C=-0.049t+0.882 0.049 0.998 14.2
Unamended soil C=-0.014t+1.422  0.014 | 0.999 495

(Natural attenuation)

Table 1: First-order kinetic equation with correlation determination (R?) results
of bitumen biodegradation under the influence of inorganic fertilizer and oxygen
release compound.

is the biodegradation rate constants, the higher or faster is the rate of
biodegradation and consequently the lower is the half-life time. It could
be seen from Table 1 that for NPK-soil amended microcosms, the soil
microcosm amended with 2.56 g NPK fertilizer had a higher k (0.045
day") and lower ¢, (15.4 days) than that amended with 2.10 g NPK
(k =0.039 day" and t,=17.8 days) and 1.63 g NPK (k=0.036 day" and
t,=19.3 days), respectively. For oxygen release compound (hydrogen
peroxide)-soil amended microcosms, the soil amended with 1.0 g of
hydrogen peroxide had a relatively higher k (0.034 day') and lower
t, (20.4 days) than the one amended with 0.5 g of hydrogen peroxide
(k=0.032 day" and t,=21.7 days). Furthermore, the soil amended with
3.06 g NPK and hydrogen peroxide mixture had a higher k (0.049 day
') and lower ¢, (14.2 days) than that amended with 2.60 g NPK and
hydrogen peroxide mixture (k=0.042 day and t,=16.5 days) and 2.13 g
NPK and hydrogen peroxide mixture (k =0.037 day™ and t,=18.7 days),
respectively. A biodegradation rate constant (k) of 0.042 day"' and
half-life time (,) of 49.5 days was observed for the biodegradation of
bitumen in soil not amended with biostimulant (natural attenuation).

Conclusions

The present studies confirm that the use of inorganic nutrient such
as NPK fertilizer and oxygen release compound (hydrogen peroxide)
improved the rate of biodegradation in microcosms simulating soil or
land environments contaminated with bitumen oil. At the end of 21
days remediation period, the maximum Total Petroleum Hydrocarbon
(TPH) removal that ranged from 53.2 % to 60.8 %, 50.1% to 52.2% and
55.6% to 64.5% was obtained for bitumen-contaminated soil amended
with different amount of NPK fertilizer (1.63-2.56 g), hydrogen
peroxide (0.5 and 1.0 g), and combined amount of NPK fertilizer
and hydrogen peroxide (2.13 g, 2.60 g and 3.06 g), respectively. The
biodegradation rate constant obtained from the application of first
order kinetics described the rate of bitumen oil biodegradation with
and without biostimulant. The rate constant (k) ranges between 0.032
day! and 0.049 day for amended soil microcosm and 0.014 day™ for
unamended soil microcosm (natural attenuation). A half-life time (z,)
of 49.5 days was observed for biodegradation of bitumen oil in soil not
amended with biostimulant. This was reduced to between 14.2 and
21.7 days with the usage of different amount of biostimulant in the
form of inorganic NPK fertilizer, hydrogen peroxide (oxygen release
compound) and their combinations. These findings do not represent
a general rule and site-specific studies are needed, the approach used

here can be a relevant support tool when designing bioremediation
strategies on site.
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