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Abstract

The study of the performance of bio-remediant was demonstrated in terms of percentage reduction of
petroleum hydrocarbon remediation in soil using ponderosa lemon leaf as bio-stimulant. The bio-
stimulant was introduced into two environmental conditions of room-dried and sun-dried samples and
the impact of the environmental factor was considered in the contributing agent on the variation in the
rate of the total hydrocarbon degradation as well as the variation in the percentage of the TPH
concentration. Indeed, the investigation revealed that the percentage reduction of the total petroleum
hydrocarbon was more with the bio-stimulant subjected into room-dried than the sample subjected into
sun-dried; and the reason for such variation was monitored as well as attributed to be the effect of
environmental factors. The effect of sunlight induced the nutrient contents of plant extract, especially
when they are exposed into such environmental conditions, the study further demonstrates the
significance of the effect of sunlight on the total organic content, nitrogen concentration, phosphorus
concentration, potassium concentration, electrical conductivity value and pH value. However, the
integrity and the potential of plant extract performance for effectiveness in the bioremediation is
dependent on the processing conditions in which the raw materials are subjected.
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INTRODUCTION
The study and investigation on the degradation rate of crude oil using bitter leaf (Vernonia
amygdalina) and manure revealed that bioremediants
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the agro-wastes performed excellently, though the highest performance was recorded in the combination
of the fertilizer and Mango leaf [7]. Similar comparison was reported on the research conducted on
poultry manure [8], Mango leaf and NPK fertilizer, with 73 to 85% of TPH removed from the soil by
the amendments reported [9]. The researchers reported a degradation efficiency of 70.7, 76.6 and 87.1%
TPH degradation in soil amended by Mango leaf, poultry droppings and goat manure [10-13]. They
also reported high population increase in microbial bacteria, and in the later study, characterised
microbial community in refinery waste and hence, remediated the waste using nitrogen source
amendment, with more than 80% of TPH removed after 90 days [14, 15].

Also, in another related study, report shows that cattle dung, goat dung, pig dung and poultry manure
used for biodegradation of polycyclic aromatic hydrocarbons (PAHs) in polluted soil after 28 days
increased the degradation rate of PAHs with 70.8% removal compared to only 10.1% removed from
untreated soil [ 16—18]. Also, the growth rate of hydrocarbon degrading bacteria was far greater than the
untreated soil. In considering the total petroleum hydrocarbon in soil amended by three organic waste
composts, which were able to remove 60% of hydrocarbons and metals such as arsenic and chromium,
was reported [19]. Equally formulated composts from fresh wastes were used to degrade petroleum
hydrocarbon in acid sludge, and removed over 70% of the TPH, as reported [20].

Plant wastes have also gained wide application as treatment agent for polluted soil. One of such plant
wastes that have reported as a good amendment for degradation of crude oil in soil is cassava peels [21].
Also, investigation was done on oil palm fibre dried in dark environment for remediation of crude oil
polluted loamy soil [22]. Analysis on the dried oil palm fibre showed six different micro-organisms of
fungi species that were isolated and identified with a population of 1.2x10° cfu/g, while five different
bacteria species were isolated and identified with a population of 9.0x10° cfu/g. The total petroleum
hydrocarbon removed from the loamy soil after 84 days was 76.45%, while the soil physicochemical
characteristics improved by the addition of oil palm fibre treatment. Similarly, about 95.38% of the
crude oil was removed from polluted soil amended by mango extract using bitter leaf extract in
bioremediation of crude oil in polluted soil [23].

In another study, the concept was applied on palm oil mill effluent and goat manure to remove total
petroleum hydrocarbons from polluted soil and also to evaluate the rate of CO- evolution in the soil [24,
25]. Results obtained showed that the physiochemical properties of the soil with treatment samples
amended by goat manure were better restored than palm oil mill effluent [26, 27]. The reported
percentage of TPH removed by goat manure and palm oil mill effluent were 58 and 39% respectively,
while the rate of CO; evolution in contaminated soil treated with goat manure, palm oil mill effluent,
and untreated soil were 497, 440, and 296 mg/g, respectively [28-30].

MATERIALS AND METHODS
Materials

In the investigation the following materials were used, which include soil, petroleum, plastic
containers, biostimulant leaf, shovel, Gas Chromatograph, hand trowel, etc.

Collection of Sample

The soil sample was collected from Erema Town and then transported to the Department of
Chemical/Petrochemical Laboratory. This was further subjected into analysis as well the petroleum
sample in Rivers State University Port Harcourt. The soil and the petroleum sample were prepared ready
for experiment set up.

Overview of Crude Oil Pollutions

The rate of crude oil pollution in the region of Niger Delta area of Nigeria is increasing day by day
as aresult of the theft and accidental discharges. So, there is need to employ the use of Ponderosa lemon
(Grape leaf) for the treatment of contaminated soil. This research is to test the potential of the bio-
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stimulant in the remediation of contaminated soil using grape leaf prepared in powder form as well as
ascertaining its efficiency of both sun-dried and room dried samples.

Gas Chromatography: An Instrument Used for Crude Oil Analysis

The procedure involves an analytical concept in which samples are measured by the content of
various components in it. However, analysis can be performed using gas chromatograph to determine
the individual petroleum hydrocarbon concentration. The concept of the application of gas
chromatography, makes use of nitrogen as a component of gas carrier in the process. The obtained
sample solutions are always injected into the instrument, which allows the entering of gas stream which
in turn transports the solution sample into a separation tube called the column with the constituents of
Helium or nitrogen used as carrier gas. The different constituents are separated inside the column and
the detector measures the quantity of components that exit the column. To measure a sample with
unknown concentration, a standard sample with a known concentration is injected into the instrument.
The standard sample peak retention time and area was compared to the test sample to calculate the
concentration.

RESULTS AND DISCUSSION
The research illustrates the obtained results in Figure 1 as shown below.

Percentage Reduction of TPH under varying Grape Leaf Dosages at Different Time Intervals

Figure 1 shows the percentage degradation of TPH with time in a sandy loam soil treated with sun-
dried and room-dried grape leaves at different weights (50 and 100 g), in both treatments. Meanwhile,
there was increase in degradation of TPH in the first 7 days after contamination. TPH removed increased
almost in all treatments over the period. However, analysis of TPH degradation showed that there was
great increase in percentage TPH reduction when 100 g of the sun-dried grape leaves were added to the
crude oil-polluted soil at 7 days after application of treatment, next was 100 g of sun-dried (GLSD),
followed by 50 g of room-dried (GLRD), 50 g of sun-dried (GLSD) and the least was the control sample
as presented in Appendix 1. Trend continued up to the end of the bioremediation period of 42 days as
presented in Figure 1. Hence, the percentage TPH degradation in the loamy soil are obtained as 60.62,
66.21, 64.24, 97.08, and 15.61% for 50 g of GLSD, 100 g of GLSD, 50 g of GLRD, 100 g of GLRD
and control samples, respectively, at the end of the 42nd day. However, it shows that bioremediation of
crude oil-polluted soil using sundried and room-dried grape leaves were quite effective in reducing the
level of TPH, it also revealed the bioremediation potential of 100 g of GLRD is better among treatments
in the bioremediation of crude-oil polluted soil.

Control (DRD (100 g) DRD (50 g) BSD(100g) —©—BSD (50 g)
350

300
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150
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Figure 1. The representation of percentage reduction of TPH on the action of bioremediation dosage
with effect of contact time (error represents percentage).

Concentration TPH reduction (%)
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Results of Comparison of the Concentration of TPH Reduction

The degradation of TPH in soil was further studied using first order kinetic model, which has been
generally used for evaluation of crude oil degradation rate in soil. The determination of the degradation
rate constant within the framework of the first-order rate kinetic model involved a comparison and the
regression equations presented in Figures 2—4, encompassing various treatment alternatives. Utilizing
the derived rate constant, the duration required for the TPH concentration to decrease to half of its initial
concentration (referred to as half-life) was subsequently assessed.

Figure 2 showcases the graphical comparison of the percentage reduction of TPH by the application
of biostimulant of 50 g dosage performance compared with the control sample for the remediation of
42 days. The obtained data revealed increase in remediation in terms of percentage reduction with
increase in time. The equation of linear line is obtained as: Y=1.597x-4.312 with coefficient of
determination (R?)=0.9937 for gape leaf room-dried (GLRD) biostimulant of 50 g; Y=1.6184x-10.416
with (R?)=0.9446 for grape leaf sun-dried (GLSD) biostimulant of 50 g; Y=0.2887x-1.3953 with
(R?)=0.8291 for control. The relationship between treatments after 42 days of remediation shows that
the correlation value at 50 g of GLRD was higher than the 50 g of GLSD while 50 g of GLSD was
higher than the control sample (50 g of GLRD>50 g of GLSD>Control) as shown in Figure 2.

Figure 3 showcases the graphical comparison of the percentage reduction of TPH by the application
of bio stimulant of 100 g dosage performance compared with the control sample for the remediation of
42 days. The obtained data revealed increase in remediation in terms of percentage reduction with
increase in time. The equation of linear line is obtained as: Y=2.2044x-11.022 with R?>=0.8907 for
GLRD (100 g); Y=1.6714x-7.94 with R?=0.9641 for GLSD (100 g); Y=0.2887x+1.3953 with
R?=0.8291 for control. The relationship between treatments after 42 days of remediation shows that the
correlation value at 100 g of GLSD was higher than the 100 g of GLRD while 100 g of GLRD was
higher than the control sample (100 g of GLSD>100 g of GLRD>Control) as presented in Figure 3.

Figure 4 showcases the graphical comparison of the percentage reduction of TPH by the application
of biostimulant of 50 and 100 g dosages performance compared with the control sample for the
remediation of 42 days.
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Figure 2. Comparison of percentage reduction of TPH by the action of biostimulant of 50 g dosage
for both sun dried and room dried.
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Figure 3. Comparison of percentage reduction of TPH by the action of biostimulant of 100 g dosages

for both GLSD, GLRD and control.
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Figure 4. Comparison of percentage reduction of TPH by the action of biostimulant of 50 and 100 g

dosages for both GLSD, GLRD and control.
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Table 1. Experimental results compared by percentage reduction of TPH in this study.

Time/Days TPH percentage (%)
GLSD bacteria | GLRD bacteria | GLSD bacteria | GLRD bacteria | Control
(502 (508 (100g) (100 g)

7 10 9.43 11 13.10 13.61
14 13 14.26 11 15.11 14.21
21 18 2517 14 20.15 14.21
28 22 66.2 18 31.27 15.61
35 60.20 97.08 27 89.07 16.13
42 77.79 96.41 94.46 99.37 82.91

The obtained data revealed increase in remediation in terms of percentage reduction with increase in
time. The equation of linear line is obtained as: Y = 1.597x — 4.312 with (R?) = 0.9937 for GLRD
(50 g); Y = 1.6184x — 10.416 with R? = 0.9446 for GLRD (50 g); Y = 2.2044x — 11.022 with
(R?) = 0.8907 for GLRD (100 g); Y = 1.6714x — 7.94 with R? = 0.9641 for GLSD (100 g); Y =
0.2887x + 1.3953 with R? = 0.8291 for control. The relationship between treatments after 42 days of
remediation shows that the correlation value at 50 g of GLRD was higher than 100 g of GLSD, next
was 50 g of GLSD, followed by 100 g of GLRD, which was higher than the control sample (50 g of
GLRD>100 g of GLSD>50 g of GLSD>100 g of GLRD>Control) as presented in Figure 4.

Validation of Results

The experimental results in this study were validated. The plots of the sun-dried bacteria and sun-
dried fungi were validated against the room dried bacteria and room dried fungi respectively. Figure 4
shows the percentage reduction of TPH on the action of bio-stimulant (Grape leaf) dosage at 50 and
100 g with contact time in loamy soil environments. The results showed reasonable increase of TPH
degradation at 100 g of sun-dried Grape leaf after 7 days treatment application. Figures 2—4 show the
percentage reduction of TPH by which regression analysis was applied to evaluate the rate constant for
Grape leaf treatment in the soil environment. The action of bio-stimulant of 50 and 100 g dosage for
both sun-dried and room-dried and control was illustrated. Table 1 shows the comparison of percentage
reduction on TPH with different dosages of nutrients. The percentage reduction of TPH was 99.37 and
94.46% for room dried and sun-dried at 100 g dosage, and 96.41% for room-dried and 77.79% sun-
dried at 50 g dosage respectively after treatment of 42 days of remediation. The control without
treatment had 82.91% of TPH reduction.

Table 1 illustrates the percentage degradation of TPH in soil environment with bio stimulant action.
There are two separate dosages of bio stimulants applied in the study. It is deduced from Table 1 that
as the time of remediation increased, the percentage reduction of the TPH also increased. It is observed
that both 50 and 100 g Room-dried bio stimulant dosage degraded 96.41 and 99.37% while, 50 and
100 g dosage of Sun-dried bio stimulant removed 77.79 and 94.46% respectively. The percentage
reduction for Room-dried bio stimulant is more effective in this study.

CONCLUSION
The following are the conclusions of this research:

1. The application of grape leaf as a bio-stimulant to enhance microbial activity in crude oil
degradation or remediation yielded a positive outcome and its performance has been established
in this study in terms of TPH reduction in relationship to percentage.

2. This study provides useful information to the academia and policy makers on ecofriendly
conditions for bio-stimulant preparation for effective performance and this will induce the cost-
effective approach for remediation of polluted site.

3. The conceptual parameters have been established in this study to be identified as contributing
factors on delay of degradation of TPH in soil environment.
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APPENDIX

Computation of Percentage Removal

Appendix 1: Comparison of percentage reduction of TPH on the action of biostimulant dosage.

Time/Day GLSD (50 g) GLSD (100 g) GLRD (50 g) (GLRD (100 g) Control
0 - - - - -

7 7.29 8.99 8.95 11.71 438
14 10.82 14.77 17.33 21.07 6.80
21 14.77 20.66 27.99 30.89 5.35
28 34.32 36.96 38.17 42.08 7.84
35 47.59 50.47 5221 55.08 10.83
42 60.62 66.21 64.24 97.08 15.61
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