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Abstract

The effect of bacteria on crude oil degradation in loamy and clay soil for water and ethanol biostimulant
extraction from Bryophylum pinnatum leaf was investigated to ascertain the potential of the bacteria
counts in the bioreactors sampled. At the progressive phase, the bacteria counts were more with
bioreactors induced with ethanol solvent extract as the volume of the dosage increases compared to the
bioreactors induced with the water extract. The research revealed that the bacteria growth was not
induced by any factor at the progressive stage of the process, however a rapid increase in bacteria was
experienced with increase in TPH degradation in each of the bioreactors. The biostimulant used in this
investigation has revealed its potential in mitigating and restoration of a contaminated site by the
application of solvent extraction techniques and approach of bioremediation concept. However, the
bacteria counts were more on loamy soil with increase in ethanol application of solvent extraction
compared to water application of solvent extracts, as well as in the case of clay soil, the same trend of
characteristics was followed. But the bacteria count in clay soil was low compared to the loamy soil
and this characteristic was attributed to the porosity of the soil type.
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INTRODUCTION
Soil contaminated by petroleum hydrocarbons
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can affect the physical, chemical, and biological
properties of soil [1-3]. The presence of
hydrocarbons in soil affects microorganisms,
reducing their number and activities [4, 5]. The
bioavailability of hydrocarbon to degrading
microbes is a critical factor in bioremediation, but
strategies to enhance it are not fully optimized. No
studies could be found in the open-access literature
on the degradation of petroleum hydrocarbon of
crude oil using Bryophylum pinnatum plants on clay
and loamy soils [6].

This study investigated the degradation potential
of crude oil contaminants using Bryophylum
pinnatum plants for treatment. It focused on the
effectiveness and reliability of Bryophylum
pinnatum plant extracts for managing crude oil-
contaminated soils. Understanding the nutrient
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composition and microbial growth conditions by ensuring the practical feasibility of bioremediation
were crucial steps toward sustainable and successful remediation efforts.

The bacterial growth and the inhibiting factors have been considered in various ways and concept for
the purpose of drawing out conclusion for the best practice for effective bioremediation program [7—
10]. Indeed, no conclusion has been made in this case, because of the complexity of the environmental
conditions [11, 12]. In bioremediation, the bacterial growth was always monitored for the purpose of
ensuring the progress of the remediation process, and in some cases where the program set-up has
inhibited the tendency for remediation to occur may not be possible especially, when the active site of
microbes is inhibited [13-15].

There is need to examine the trend of microbial characteristics during crude oil remediation as well
as identify the constrain factors that induce the reaction mechanism [16]. The available nutrients
obtained from the plant extract enhanced the performance of the microbes and its microbial growth
kinetics [17-20]. The method of application of the plant extraction also may be attributing factors to
the bacteria growth, because adding excess of the nutrients in most cases may result in causing menace
in the microbial growth.

MATERIALS AND METHODS
Sample Collection

The clay soil was collected from a nearby river bank in Mgboushimini Community, Obio-Akpor local
government area, Rivers State; and loamy soil was collected from Rivers State University. The loamy
soil and Bryophylum pinnatum plants was collected from the Rivers State University demonstration
farm and transported to Chemical Engineering laboratory, Rivers State University. Crude oil sample
was collected from the defunct Department of Petroleum Resources (DPR), now known as Nigerian
Upstream Petroleum Regulatory Commission (NUPRC) and transported to Chemical Engineering
laboratory to be analyzed.

Bryophylum pinnatum Leaves Biostimulant Preparation

Freshly harvested Bryophylum pinnatum leaves were thoroughly washed with water, chopped into
pieces and soaked in 5| of water and alcohol for a fermentation period of 21 days. The leaves were
filtered and disposed, the filtered water and ethanol were used as biostimulant for treatment of crude oil
polluted soil. The characterization of the soil was done in the Department of Soil Science, Rivers State
University, on the basis of particle size distribution of the soil.

Procedure for Total Bacterial Count (TBC) Analysis

Pour plating technique was used for the microbiological investigation and enumeration of
heterotrophic bacteria and fungus. In order to do this, 0—1 ml of 10-fold diluted material was inoculated
onto mineral salt agar (MSA) (hydrocarbon degraders), acidified streptomycin (1 mg/100 ml) (fungal),
and nutrients agar (bacterial). The following components are present in grams per liter of distilled water
in the mineral salt medium was described as well as modified as presented in in relationship to each
compound and mass: NaCl 10 g, MgS0..7H;0, 9.42 g, KCI1 0.29 g, HPO, 1.2 g, KH,P0, 0.83 g, NaNO;
0.42 g, Agar-Agar 16 g, pH 7.2 and 2 nill at gasoline/diesel. While the potato dextrose Agar plates were
hatched at room temperature and tallied and described as colony firming units per gram (cfu/ml), the
injected nutrient agar plates were incubated at 37°C for 24 h.

RESULTS AND DISCUSSION

The outcome of results from the research is presented in Figures and Tables. Figures 1 and 2 show
the microbial growth of the hydrocarbon utilizing bacterial counts for the various bioreactors with the
addition of different dosages of water and ethanol from Bryophylum pinnatum leaves as biostimulants.
The trend of hydrocarbon utilizing bacteria across treatment with different dosages during the lag phase
with contact time of 0 day using 100, 200 and 300 ml water and ethanol biostimulant has been shown.
At the progressive phase of 7 to 21 days of treatment, there was tremendous growth of bacteria counts
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as shown in Tables 1 to 4. The treatment recorded an optimum increase of bacteria counts during the
28 and 35 days with different dosages of biostimulants which is interpreted as the stationary phase. The
reduction of hydrocarbon in the media due to application of water and ethanol biostimulants resulted to
high level of competitiveness among the microorganisms that makes them decline towards the 42 days
of study (Figures 1 and 2). In other words, the decline of bacteria counts increases total organic carbon,
phosphorus, and nitrogen cycling in low contaminated loamy soil.

Table 1. Bacteria count for water biostimulant on loamy soil.

T3W (100 ml) T4W (200 ml) T5W (300 ml) | T1 Control
0 1036 1036 1036 1036
7 11480 20517 26193 2713
14 25116 27924 38011 4091
21 1634700 1953600 2076200 5122
28 20707000 2307000 26613000 6913
35 20707000 53176000 58416000 8016
42 100150 101060 147050 10712
Table 2. Bacteria count for ethanol biostimulant on loamy soil.
T6E (100 ml) T7E (200 ml) T8E (300 ml) T1 Control
1036 1036 1036 1036
15055 23807 29481 2713
14 28233 30517 4115 4091
21 17938 2150200 236140 5122
28 23141000 25396000 28119000 6913
35 23141000 25396000 28119000 8016
42 12537 20825 11803 1070
Table 3. Bacteria count for ethanol biostimulant on clay soil.
TOE (100 ml) T10E (200 ml) T11E (300 ml) | T2 Control
1036 1036 1036 1036
8304 10360 11022 1527
14 11727 12416 13190 2196
21 1851200 273100 3854600 2813
28 21331000 35176000 58416000 3483
35 21331000 53176000 58416000 4107
42 12147 10817 10810 4616
Table 4. Bacteria Count for Water Biostimulant on Clay Soil.
T12W (100 ml) T13W (200 ml) T14W (300 ml) | T2 Control
1036 1036 1036 1036
7092 8517 10015 1527
14 10137 10651 12035 2196
21 133500 157150 208470 2813
28 1934200 2095200 2462700 3483
35 1834200 2095200 2462700 4107
42 21730 15015 17006 4616
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Figure 1. Effect of bacteria count in crude oil contaminated loamy soil treated with Bryophylum
pinnatum Leaves from Water.
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Figure 2. Effect of bacteria count in crude oil contaminated loamy soil treated with Bryophylum
pinnatum leaves from Ethanol.

However, increase in time of remediation had multiplying effect on microbes with high reduction
of hydrocarbon content in the sample as well as established on the process of microbial degradation of
petroleum includes steps such as contact time with hydrocarbons that use them as source of energy.
The biostimulant provided the needed nutrients for bacteria to thrive in hydrocarbon environment.
Similar observation occurred in Figure 2 with different mix proportion of nutrients with peak of
bacteria population at 35 days of treatment of 253.96x106 cfu/ml using 300 ml. The earlier stage of
treatment with increase nutrients enhanced rapid bacteria growth that modulates the hydrocarbon
content of crude oil in soil. Overall, it can be seen that ethanol biostimulant performed better on both
clay and loamy soil.

Effect of Bacteria on Crude Oil Degradation in Clay Soil for Water and Ethanol Biostimulants

Figures 3 and 4 reveal the degradation rate of total petroleum hydrocarbon (TPH) using Bryophylum
pinnatum leaves soaked in water and ethanol as biostimulants on clay soil. Bacteria growth rate before
application of water and ethanol biostimulant was 10.36x10? cfu/ml. With 100 ml of ethanol
biostimulant showed increase in bacteria growth 213.31x10? cfu/ml and the maximum between 28 and
35 days of treatment.
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Figure 3. Effect of bacteria count on crude oil degradation in clay soil from water biostimulant.
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Figure 4. Effect of bacteria count on crude oil degradation in clay soil from Ethanol Biostimulant.

The increase in time of remediation had significant influence on the degradation level of hydrocarbon
content in the sample. On the 42 days of the treatment, there was a decline in bacteria growth rate of
121.47x10? cfu/ml that increased total organic carbon, phosphorus, and nitrogen cycling in low
contaminated loamy soil. Additional 200 ml biostimulant of ethanol and water increased the bacteria
growth of the treated soil in 7 days from 117.27x10° to 213.31x10° cfu/ml and 300 ml biostimulant of
water from 131.90x10° to 584.16x10° cfu/ml on 35 days, then toward 42 days of treatment recorded
108.10x10° cfu/ml which suggests that degradation only occurred from 7 to 35 days of treatment. The
biostimulant provided the needed nutrients for bacteria to thrive in hydrocarbon environment. Similar
observation occurred in Figure 4 with different mix proportion of nutrients with peak of bacteria
population on 35 days of treatment of 253.96x10° cfu/ml using 300 ml. As established, the process of
microbial degradation of petroleum includes steps such as contact time with hydrocarbons that use them
as source of energy. The earlier stage of treatment with increase in nutrients enhanced rapid bacteria
growth that modulates the hydrocarbon content of crude oil in soil.
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CONCLUSION
The findings from the research were used in drawing out the conclusion as stated below:

Investigation on bacteria counts recorded an increase as the amount of biostimulant increases;
and towards the 42 days of treatment, there was a decline due to paucity of hydrocarbon in the
media which the microbes feed on.

The bacteria counts were more at the progressive phase.

The degradation of the TPH increases with increase in bacteria counts.

The bacteria count was more on ethanol extracts compared to water extract.
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