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Abstract

Rivers state is one the states in the Niger Delta that is faced with problem of crude oil pollution, causing
serious health and environmental hazards. Bioremediation has remained the economical and
environmentally beneficial method for lessening the effects of oil contamination. The bioremediation
efficiency is dependent on the ability of indigenous microbial consortia in crude oil-polluted soils. This
work examined dependability of bioremediation on unclassified indigenous microbial consortia in
selected crude oil contaminated sites in Rivers State, Nigeria. Samples of soil were taken from both
crude oil contaminated and pristine locations, and were examined for physicochemical characteristics,
microbial load, and hydrocarbon degradation capacities using respirometry and gas chromatography-
mass spectrometry (GC-MS). The results showed that a variety of both aliphatic and aromatic
molecules were degraded by the consortia of indigenous microbial. The results also demonstrated that
contaminated soils exhibited a changed physicochemical characteristic as well as higher microbial
population densities when compared to the uncontaminated soils. Based on the results, bioremediation
employing indigenous microbial consortiums may be a practical way to remediate contamination in the
areas. The findings of the study highlight the significance of understanding the intricate relationships
among microbial communities, soil characteristics, and hydrocarbon pollutants. Also, they have
implications for the development of efficient bioremediation techniques for regions affected by
hydrocarbons.
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INTRODUCTION

The Niger Delta region of Nigeria, particularly in Rivers State is greatly impacted by the
activities of the petroleum industry, resulting in frequent oil spills and long-term
environmental problems result (Onojake et al., 2020). Varjani et al., (2020) described
bioremediation as a practical, economical, and environmentally friendly mean to remove
hydrocarbon contaminants, (which uses microorganisms to break down contaminants) from
polluted environments. This approach has helped to restore the affected ecosystems and
promotes sustainable practices in the petroleum industry. The efficacy of bioremediation
projects has been boosted by identifying and employing specific microbial strains that
efficiently degrade hydrocarbons.
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These microbial activities also improve the general well-being of the nearby communities that
depend on these resources, aside restoration of the impacted ecosystems (Brussaard et al.,
2007; Harris, 2009). In order to mitigate the negative impacts of oil exploration and ensure
sustainable development in the area, it may be important to develop the bioremediation
technology. Microbial population dynamic and activity have a big impact on how effective
bioremediation will works; maintaining these microbial populations is crucial to the success
of the process (Sutton et al., 2019).

In-situ bioremediation depends on the physiochemical characteristics of the soil and the
biodegradability of indigenous microorganisms, and these preliminary studies are necessary
before detailed bioremediation can be deployed (Liu et al, 2020). Hydrocarbon
biodegradation is often as a result of a consortium of several microorganisms rather than a
single strain, according to studies (Abbas et al., 2022). Therefore, understanding consortium
relationships and the synergistic impacts that can accelerate degradation rates is crucial, as
studied in this work.

Thus, improving these microbial consortia could significantly improve general outcomes of
bioremediation approach by enhancing their effectiveness under a range of environmental
conditions. According to Singh et al. (2021), consortia brings complementary enzymatic
systems in degradation of hydrocarbon mixtures.

Previous studies have established that hydrocarbon-degrading microbial consortia can
degrade a wide range of petroleum compounds (Malik and Ahmed, 2018; Patel et al., 2020).
The microbial activity, such as CO: production or oxygen consumption when appropriately
evaluated, the potential for hydrocarbon biodegradability can be ascertained (Kumar et al.,
2019). This study, therefore, examined the microbial activities and evaluated the capacity of
unidentified indigenous consortia from selected contaminated locations in River State of
Nigeria.

MATERIALS AND METHODS

Sample Collection

The techniques of Liu et al. (2020) and Abbas et al. (2022) were adopted in this study to evaluate
microbial activity in both contaminated and uncontaminated soil samples. Samples were
collected from three locations; Eleme, Kana, and Pete in River states. The soil samples (0-15
cm depth), were taken and then stored at 4 °C + 2 °C in accordance with ISO 18513:2007 and
OECD Test No. 216 guidelines.

Microbial load and Crude Oil utilization

A cotton plugged 250 mL Erlenmeyer flasks containing 90 mL of sterile liquid minimal salt
medium composing of NaCl, 10.00 g/L; MgS0O4.7H>0O, 0.42; KCl, 0.29 g/L; KH>POy, 0.83 g/L;
NapHPO4.H>O, 1.25 g/L; NaNOs and 0.42 g/L (pH, 7.2), spiked 2 % (v/v) of crude oil and 10
g soil sample was setup separately for both contaminated and uncontaminated soil for
different locations. This set ups were incubated in OLS 200 Grant water bath shaker for period
of 14 days as first enrichment. After 14 days, 10 mL aliquot of each setup for the soil sample
was transferred to another 250 ml Erlenmeyer flasks containing fresh 90 ml medium spiked 2
% (v/v) crude oil and also incubated for 14 days in a water bath shaker for the second
enrichment phase. The same procedure was repeated for third enrichment phase. At the end
of the third enrichment phase, the Abbas et al. (2022) method was adopted to determine the
microbial load both bacteria and fungi. This was carried out by plating aliquots on nutrient
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agar (NA) plates and potato dextrose agar (PDA) plates for bacteria and fungi respectively,
microbial loads were ascertained in accordance with Patel et al. (2020). Then the Gas
Chromatograph/Mass Spectrometer (GC/MS) was used to analyze any remaining
hydrocarbons.

Analysis of Microbial Activities

The growth (activities) of microbial population was monitored using Respirametry technique
by adopting the procedures of Eze and Eze (2010) and Sutton et al. (2019). This involved
measuring the soil respiration from incubation of 100 g soil sample kept in hermetically sealed
250 mL glass flask for 21 days at room temperature. The CO; produced from the respiration
was captured in100 mL conical flask containing 50 ml of 0.50 moldm-! of NaOH solution. The
conductance of the NaOH solution was measured using Jensy Model 712 Conductance
Instrument at three days’ interval. The microbial activity was determined in triplicate for the
released CO; as in the works of Olanipekun et al. (2015) and Critter et al. (2004). The produced
CO; was calculated using equation [1]

m =22 (7‘1 - }‘x/kl _ A2) Ve [1]

where m is the estimated mass of CO. generated, A, is the conductivity value of NaOH, A, is
the conductivity value of NaxCOs, A, is the conductivity value of the sample, V is the volume
of the standard NaOH solution and C is its concentration in mol-dm-2.

RESULT AND DISCUSSION

Physicochemical characteristics

The physicochemical characteristics analysis of the soils from the three locations were carried
out and the results are shown in Table 1. These investigations revealed the impact the
physicochemical properties on microbiological properties. The loss on ignition was used to
determine the total organic matter content (TOC) and the results are ranging from 1.80 % to
21.30 %. With the exception of Pete Rivers State, contaminated soils have greater TOC values
than pristine soils.

This increase in organic matter composition is attributable to the presence of hydrocarbon,
which can act as a carbon and energy storage facility for microbes as explained in the study
of Onifade, (2007). The higher organic matter content in contaminated soils may also be
explained the increased microbial population density, as organic matter contains important
micronutrients like nitrogen, phosphorus, and Sulphur.

pH in water and in CaCl: for Soil samples were measured and found ranging from 4.3 to 6.3
and 5.4 to 7.3 respectively. The hydrocarbon polluted soils have lower pH values than pristine
soils, which is consistent with prior research as reported by ljah and Abioye (2003) and
Onifade (2007). This may be as result of the accumulation of acidic metabolites due to
microbial degradation of hydrocarbons.

The soil samples, both contaminated and uncontaminated were found with amounts of nitrate
(NOs™) and sulphate (SO472) ions ranging from 27.2 to 217.0 mg kg* and 9.71 to 326.0 mg kg1,
respectively. Also, the values of nitrogen and phosphorus in soil samples obtained ranged
from 0.08 to 0.32 % and 1.43 to 2.65 mg kg, respectively. The contaminated soil samples
showed slightly greater percentages of nitrogen and phosphorus than pristine soil samples,
which can be attributed to presence of higher organic matter content in the contaminated soils.
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This result is in agreement with the works of Stephen et al. (2010) and Onifade and Abukar
(2007) where they reported similar trend.

The values of sulphate ions (SO+?) and nitrate ions (NO;") recorded in this work compared
with those found in Puyate and Rim-Rukeh’s (2008) work suggests that to maintain and
sustain microbial activities in these environments, there should be a supply of nitrate and
sulphate. This encourages the growth of heterotrophic bacteria more readily. The moisture
content of the contaminated soils ranged from 11.30 to 39.30 %, whereas that of
uncontaminated soils ranged from 9.30 to 26.30 %. That is more moisture in the contaminated
than uncontaminated soils.

Table 1. Physiochemical Properties of the Sample soils
Key to Abbreviations:

Site Location/Attributes RE- A RE-B RT-A RT-B RK-A RK-B
Bulk density, kgl 1.27 1.35 1.29 1.75 1.56 1.55
Moisture content, % 18.90 39.30 26.30 30.50 24.50 24.80
Water holding capacity, mlg 16.30 45.10 33.20 15.20 25.40 32.70
pPHmzo 6.4 5.4 6.0 6.0 7.3 6.0
pHcac 5.8 4.3 4.8 5.1 6.2 5.1
TOC, 2.52 1.12 1.68 2.50 4.34 0.18
Loss on ignition, % 9.80 21.30 11.90 15.90 9.50 13.10

Nitrogen % 0.13 0.16 0.08 0.13 0.22 0.26
Phosphorus, mg/kg 1.67 1.82 1.49 1.62 1.68 1.76
5042 mg Kg1 130.0 326.0 19.80 9.71 9.90 19.80
NOs1 mg Kg! 81.0 136.60 218.0 27.20 52.50 29.70
PO43 mg Kg-1 5.10 425 441 4.81 5.00 4.90
Salinity % 0.80 0.79 1.58 1.55 1.58 1.58
ROC, mg Kg (x 105) 0.02 2.20 0.00 0.30 0.01 1.06

e RE-Rivers Eleme, RT-Rivers Tai, RK-River Kana, A- uncontaminated soil, B-contaminated soil, TOC- total
organic carbon and ROC- Residual

But the uncontaminated soils were found to have higher water-holding capacity of 16.30-36.20
mlg ™ than the contaminated soils with capacity of 15.20-45.10 mlg™. The acquired MC and
water holding capacity values are comparable to those reported by Igbal et al. (2007).
Microbial activity may be supported by the greater MC in contaminated soils due increased
bioavailability and desorption.

Microbial activity and also change population density of microbes may result in change in
physicochemical properties of soils, which could have an effect on bioremediation and
ecosystem health. The results of the study pointed out how important it is to consider the
physicochemical properties of soils when assessing the impact of contamination on microbial
populations. Generally, the results demonstrate that contamination can change the
physicochemical characteristics of soils, leading to changes in activities and population
density of microorganisms in the soils.

Biodegradability of the Total Petroleum Hydrocarbon (TPH) by Indigenous Consortium

At the end of the third stage of the enrichment process, the biodegradability of the total
petroleum hydrocarbon (TPH) of Nigerian crude oil with the unclassified indigenous
consortium of microbial population in the soils of the selected locations was qualitatively
assessed using the Gas Chromatographic (GC). Table 2 depicts the results obtained from the
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interpretation of the chromatograms, while Figure 1 displaces the microbial population loads
of the soil samples.

As shown in Table 2 the disappearances of some hydrocarbons, both aliphatic and aromatics
of the crude oil in these locations and control flask could be related to abiotic factors. The same
phenomenon was also reported in the work of Malik and Ahmed (2012) where abiotic factors
were found to have contributed to disappearance and decrease of significant quantities of the
aliphatic and aromatics hydrocarbons.

It was observed that the biodegradation or utilization of the hydrocarbons in the crude oil by
the unclassified consortium resulted in the increase of the activities of microbes as translated
in the CO; evolution in Figure 2 (a and b). This observation is also validated by the increases
in the microbial load of both bacteria and fungi during the period as depicted in Figure 1. The
results show that all the soil samples have adequate population (consortium) of hydrocarbon
degraders whose activities degraded the majority of the component of petroleum
hydrocarbons in the crude oil.

Though, the degree of disappearance was found to be more in the location RG-A and RT-B,
where 2, 6, 11- trimethyl dodecane and 2, 6- dimethyl heptadecane respectively were the only
identified hydrocarbon present (Table 2). The different degree of disappearances of the
hydrocarbons in various sites, could be attributed to the fact that the consortium of microbes
presents in different locations have different capabilities. Hence, there could be a need to
support the degradation of the crude oil’s hydrocarbons with selected strains to degrade the
recalcitrant molecules in some of these locations.

The locations found to have poor biodegradation capability as shown in Table 1, because some
of the hydrocarbons that disappeared in the others were still present in them, may be
attributed to depressed microbial activities. This also may be as a result of lower percentages
of hydrocarbon utilizers observed in these locations during the respiratory study and
microbiological properties carried out on the site (Figures 2). That is, activities of the consortia
as well as the respiratory study validated the major observation in the disappearances of the
hydrocarbons and it could be deduced that the disappearances were actually proportional to
the microbial activities.

Table 2. Residual hydrocarbons at the End of third stage of Enrichment period

Component CONTROL | RE-A RE-B RK-A RK-B RT-A RT-B
1,7- dimethyl Naphthalene °

2, 3, 6- trimethyl Naphthalene | o ° . °

2, 6 ,11-trimethylDodecane ° °

2, 6- dimethyl heptadecane [ ) ° ° ° °

2, 7- dimethyl Naphthalene °

2-methyl Naphthalene °

Dodecane °

Hexadecane °

Hexadecane o o .

Key to Abbreviations:
e RE-Rivers Eleme, RT-Rivers Tai, RK-River Kana, A- uncontaminated soil, B-contaminated soil.
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As depicted in Figure 1, the microbial load, both bacteria and fungi increased during the
enrichment period, indicating that the unclassified indigenous consortium's biodegradation
or utilization of the hydrocarbons in the crude oil led to the rise of the microbial population.
The findings demonstrated that a sufficient population (consortium) of hydrocarbon
degraders was present in all soil samples, and that these degraders' activities biodegraded the
hydrocarbons in the crude oil. The majority of the petroleum hydrocarbon component has
vanished as a result of these.

Site Location - Site Description

Microbial Type
=3 Fungi
XX Bacteria

107 108 10° 1010
Microbial Load (CFu/mL)

Figure 1: Microbial loads after enrichment period.
Key to Abbreviations:
e RE-Rivers Eleme, RT-Rivers Tai, RK-River Kana, A- uncontaminated soil, B-contaminated soil.

Despite being unclassified, there is a strong indication that the indigenous consortium in these
locations could efficiently degrade the hydrocarbons in crude oil. This was supported by the
findings of Margesin et al. (2003) who documented the capacity of local microbes to degrade
petroleum hydrocarbon components. Therefore, in order to eradicate hydrocarbon
contaminants from the area, bioremediation programs must be promoted.

GC-MS analysis of crude oil hydrocarbons proved to be an effective way to assess the
biodegradation process and can be a significant factor in verifying the CO; evolution data as
a hydrocarbon degradability in these locations are compared as follows in the microbial
dynamic.

Microbial Activities in the various sites

Figure 2 an and b respectively illustrate the microbial activity in contaminated and
uncontaminated soils. Uncontaminated soils from Eleme, kana, and Tai (Rivers State) had
higher actual microbial activity than potential activity, according to our findings, which are
displayed in Figures 2(a-b). This is an indication that crude oil contamination reduces
microbial activity, supporting findings from more recent research such as in works of Liu et
al. (2020) and Singh et al. (2019), as well as observations made by Margesin et al. (2003). Two
important conclusions may be drawn from the data: (1) heterotrophic microbial numbers
decrease in contaminated soils, and (2) native bacteria are capable of effectively breaking
down hydrocarbons.
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Figure 2: Quantity of CO, generated during biodegradation of Crude oil in soil samples

Nevertheless, our results demonstrate that the local hydrocarbon-using microbial populations
in these contaminated regions are not enough to fully mineralize the hydrocarbons. This
restriction implies that, as suggested by Adams et al. (2015) and Tyagi et al. (2011), bio
augmentation or bio stimulation should be used to improve bioremediation efforts. This
means adding nutrients to enhance the growth and activity of current microbial communities
or introducing certain microbial strains that are better at degrading the hydrocarbons could
be two ways to improve the situation. These tactics have the potential to greatly increase the
effectiveness of bioremediation processes and produce better results when it comes to
remediate the contaminated locations.

Microbial consortia activities in Eleme soils both contaminated and uncontaminated (RE-A
and RE-B) have shown better performed than those in other locations studied in this work.
Additionally, pristine soil from Tai (RT-B) demonstrated greater activity than
uncontaminated soil from kana (RK-B), indicating a variety of species and microbial
communities between locations.

These results align with recent studies of Jiao et al. (2022) and Wang et al. (2021) that highlight
the part that location-specific microbial populations play in the breakdown of hydrocarbons.
This emphasizes how crucial it is to comprehend indigenous microbial dynamics when
planning bioremediation programs. The efficiency of contaminant degradation could be
greatly increased by designing interventions to take advantage of the distinct microbial
populations found in particular areas.

CONCLUSION

This study demonstrates the bioremediation ability of the indigenous microbial consortia in
River State, Nigeria, areas contaminated by crude oil.

The results showed that these consortia are capable of biodegrading hydrocarbons to certain
extent with the disappearance of some major hydrocarbons.

There is a need to comprehend the microbial dynamics peculiar to a given location and hence

customize interventions to take advantage of distinct microbial populations by
bioaugmentation or biostimulation.
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