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Abstract

Crude oil pollution is a major environmental concern that can cause significant damage to soil
ecosystems. Bioremediation, a natural process in which microorganisms degrade pollutants, has
emerged as a promising approach for the remediation of crude oil-contaminated soil. Grape leaf
powder (Vitis Vinifera), a readily available and inexpensive organic material, has been shown to
stimulate microbial activity and enhance bioremediation. This study investigated the effectiveness of
grape leaf powder as a biostimulant for the remediation of crude oil-contaminated sandy soil. The study
examined the effects of two dosages of grape leaf powder (50g and 100g) for sundried and room-dried
samples on the reduction of total petroleum hydrocarbon (TPH) concentrations and microbial counts
in the soil. The results showed that both dosages of grape leaf powder were effective at reducing TPH
concentrations and increasing microbial counts in the soil. However, the room-dried vitis vinifera
achieved higher TPH reduction than sundried at 100g dosage reducing TPH concentrations by up to
96.3% after 35 days. The effectiveness of grape leaf powder is likely due to its high levels of organic
matter and nutrients, which provide a food source and stimulate the growth and activity of
microorganisms. This study demonstrates that grape leaf powder is a promising, sustainable, and
environmentally friendly biostimulant for the remediation of crude oil-contaminated sandy soil.

Keywords: Investigation, comparison, physical properties, stimulants, petroleum, soil

*Author for Correspondence
Ukpaka Chukwuemeka Peter
E-mail: peter.ukpaka@ust.edu.ng

INTRODUCTION

Crude oil spills are a major environmental issue
that can have catastrophic consequences for
ecosystems and human health. [1-3]. The removal
of oil from sandy soil is one of the most difficult
aspects of cleaning up crude oil spills. Because
sandy soil has a low water-holding capacity and is
highly permeable, spilled oil is difficult to contain
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and clean up [4, 5]. Traditional cleanup methods for
crude oil spills on sandy soil, such as excavation and
incineration, can be costly and time-consuming.
Natural products, such as plant extracts, have
recently been investigated by researchers for the
remediation of crude oil-contaminated soil [6, 7].
Grape leaf extract is one such natural product that
has shown promise as a potential crude oil spill
remediation agent [8]. Grape leaf extract is high in
polyphenols and antioxidants, which may help to
break down crude oil and boost microbial activity in
soil. Several studies have demonstrated the potential
of various plant extracts, such as those derived from
pine needles or coconut husks, for crude oil
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remediation [9, 10]. The use of grape leaf extract for crude oil remediation on sandy soil, on the other
hand, is a relatively new area of study [11]. As a result, more research into the potential of grape leaf
extract as a remediation agent for crude oil spills on sandy soil is required [12].

The purpose of this research is to look into the efficacy of grape leaf extract in the remediation of
crude oil-contaminated sandy soil [13]. Experiments will be carried out to determine the effectiveness
of grape leaf extract in removing crude oil from sandy soil, as well as an analysis of the chemical and
microbial properties of the soil before and after remediation. The study’s findings could have significant
implications for the development of more effective and long-lasting methods for cleaning up crude oil
spills on sandy soil [14].

Plant extracts have several advantages over traditional methods for crude oil remediation, in addition
to being environmentally friendly [15]. Plant extracts are inexpensive, easy to obtain, and can be applied
with simple methods such as spraying or mixing with soil. Furthermore, plant extracts have been shown
to stimulate microbial activity in soil, which can aid in the breakdown of crude oil and the overall health
of the soil [16]

To summarize, the use of grape leaf extract for crude oil remediation on sandy soil is an exciting area
of research that has the potential to provide a long-term and cost-effective solution to the problem of crude
oil spills. The findings of this study could help to develop new and innovative methods for cleaning up
crude oil-contaminated soil, with significant implications for human health and the environment.

MATERIALS AND METHODS

Materials used are: Grape leaves from a local vineyard in Rivers State, Nigeria, Sundried and oven-
dried grape leaf powder, Sandy soil, Crude oil, Plastic containers, Measuring cups and spoons, pH
meter, Electrical conductivity meter, Total organic carbon (TOC) analyzer, Total nitrogen (TN)
analyzer, Total phosphorus (TP) analyzer and Potassium (K) analyzer

Methods
Grape leaf preparation
e Grape leaves were collected from a local vineyard in Rivers State, Nigeria.
e Leaves were cleaned to remove impurities and debris.
e Half of the leaves were sun-dried, while the other half were room-dried for a 7days period
e Dried leaves were crushed to produce a nanoparticle distribution.

Nanoparticle Analysis
The Nanoparticle Distribution was Analyzed to Determine it
e Electrical conductivity using an electrical conductivity meter
e pH using a pH meter
e Total organic carbon (TOC) using a TOC analyzer
e Total nitrogen (TN) using a TN analyzer
e Total phosphorus (TP) using a TP analyzer
e Potassium (K) using a K analyzer
Experimental Setup
Five plastic containers were prepared, each containing 1kg of sandy soil.
50ml of crude oil was added to each container, thoroughly mixing the oil into the soil.
Container A1l received 50g of room-dried grape leaf biostimulant.
Container A2 received 100g of room-dried grape leaf biostimulant.
Container B1 received 50g of sun-dried grape leaf biostimulant.
Container B2 received 100g of sun-dried grape leaf biostimulant.
Container C served as the control sample without biostimulant.
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RESULTS AND DISCUSSION
The results obtained from this project are presented in Tables and Figures.

Result of the physiochemical Properties of Sandy loamy Soil, Biostimulant and Crude Oil Used.

Table 1 shows the physiochemical properties of nitrogen, phosphorus, potassium, HUB (Hydrocarbon
Utilizing of Bacteria), HUF (Hydrocarbon Utilizing Fungi), Total organic carbon (TOC), and pH obtained
from the analysis of contaminated sandy-loamy soil and uncontaminated sandy-loamy soil.

The percentage value of parameters of contaminated sandy loamy soil is; nitrogen 0.51%, phosphorus
0.93%, potassium 21.86%, and HUB 5.83 x 10° CFU/G and HUF is 1.5 x 10* SFU/G, TOC value of
1.92%, pH value of 6.47.Also, for uncontaminated sandy-loamy soil we have nitrogen 4.13%, phosphorus
17.59%, potassium 270.24% and HUB 1.41 X10* CFU/G., TOC value of 2.85%, HUF value of 2.4 x10?
SFU/G and pH value of 6.16 and the obtained results for Table 2 shows the physiochemical properties of
some parameters of bioremediant of room temperature and sun temperature dried condition

Table 1. Physiochemical properties of some parameters of contaminated and uncontaminated sandy-

loamy soil.

Sample HUB (CFU/G) X |HUF (SFU/G) X | N (%) | P (mg/kg) |K (mg/kg)| TOC | pH
103 102 (%)

Contaminated Sandy -loamy 5.83 1.5 0.51 0.95 21.87 1.92 | 647

Soil

Uncontaminated Sandy - 1.41 24 4.13 17.59 270.24 2.85 6.16

loamy Soil

Table 2. Physiochemical properties of some parameters of bioremediant of room temperature and sun
temperature dried condition.

Sample HUB (CFU/G) | HUF (SFU/G) | N (%) |P (mg/kg)|K (mg/kg)| TOC | pH
X 10° X 10? (%)

Bioremediant of Room 10.17 8.4 1337 | 9425 697.37 2582 | 6.95

Temperature Dried Ciondition

Bioremediant of Sun 8.46 5.1 10.70 | 82.09 601.66 19.51 | 6.52

Temperature Dried Condition

The analysis of the crude oil sample used revealed density value of 0.861 g/ml and viscosity value of
2.84 mm?2.

The characteristics of some of the physicochemical properties of nitrogen content, phosphorus
content potassium content, total organic content (TOC) pH value, hydrocarbon utilizing bacteria (HUB)
and hydrocarbon utilizing fungi (HUF) was monitored as the petroleum hydrocarbon degradate with
the action of the available nutrient obtained from the bioremediates used in this investigation as
demonstrated in Figure 1 to 20.

Figure 1 shows the nitrogen content behavior in the bioreactor which contained sandy-loamy soil,
petroleum hydrocarbon and the bioremediant (Bistimulant). The research shows decrease in the
nitrogen concentration within the time range of above zero day to 28 days, before increase in nitrogen
concentration was experienced after 28 days.

These characteristics demonstrate that the contaminated sandy — loamy soil nutrient integrity has
improved and the soil nutrient regained revealing restoration of the nutrient regained revealing
restoration of the sandy — loamy soil for agricultural utilization.
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Figure 1. Nitrogen content (N) versus time for petroleum hydrocarbon degradation on the effect of
bioremediant of room-dried sample of 50g dosage.

Figure 2 shows the potential of the phosphorous concentration in the remediation of the petroleum
hydrocarbon in sandy — loamy soil using the application of the remediate obtained from plant (agro —
based materials). The bioremediant used was prepared through room — dried method and the nutrient
retained in terms of phosphorous concentration was high at the initial stage and upon utilization by the
microbes the phosphorous concentration reduced from above zero day to 28days. Increase in
phosphorous concentration was experienced after 28days showing that sandy — loamy soil nutrient in
terms of the presence of the phosphorous concentration increases with increase n time, which shows an
induction of sandy- loamy soil nutrient restoration and improvement.
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Figure 2. Phosphrous content (P) versus time for petroleum hydrocarbon degradation on the effect of
bioremediant of room-dried sample of 50g dosage.
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Figure 3 shows the potassium concentration utilization by the microbes during petroleum
hydrocarbon degradation in sandy — loamy soil environment using bioremediant (biostimulant).
Decrease in potassium concentration was experienced with increaser in time for period above zero day
to 28 days. Also, after 28 days increase in the potassium concentration was experienced with increase
in time revealing the increase nutrient available in the sandy — loamy soil and this further demonstrates
that the soil can be found useful for agricultural purpose.
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Figure 3. Potassium content (K) versus time for petroleum hydrocarbon degradation on the effect of
bioremediant of room-dried sample of 50g dosage.

Figure 4 shows the TOC valve upon the effect of time for petroleum hydrocarbon degradation in
sandy — loamy soil using bioremediant of room — dried sample. The result demonstrate decrease in the
TOC value for the period of above zero day to 28dayss. Increase in the TOC value in the bioreactor was
revealed showing the petroleum hydrocarbon contaminated has be utilized by the microbes, which was
favored by the presence of the TOC as one of the available nutrients used by the microorganisms to
catalyzed the process. The change in the total organic carbon value was induced by the variation in

period of contact time of 42 days sampling.
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Figure 4. TOC versus Time for Petroleum Hydrocarbon Degradation on the Effect of Bioremediant of
Room-Dried Sample of 50g Dosage.
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Figure 5 shows the pH value variation in the system upon the remediation of the petroleum
hydrocarbon I the bioreactor with increase in contact time (period of exposure) using bioremediatnt of
room — dried sample. The research shows decrease in pH from week acid to stronger acid value from
above zero day to 21 days, before a sudden increase from strong acids value to alkaline value. This
trend of change in the pH value has shown that the acid trend of scale has change and more of microbes’
characteristics will change.
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Figure 5. pH Value versus Time for Petroleum Hydrocarbon Degradation on the Effect of Bioremediant
of Room-Dried Sample of 50g Dosage.

Figure 6 shows the trend of the comparison of the nitrogen concentration in terms of the dosage and
medium in which the bioremediant was prepared for the purpose of bioremediation process. Decrease
in nitrogen concentration was experienced with increase in time from above zero day to 28 days before
sudden increase was experienced. However, in terms of the comparison of N5S0G and N100G, the shown
high nitrogen utilization of the microbes in the order of N100G> N50G.
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Figure 6. Comparison of nitrogen content (N) versus time for petroleum hydrocarbon degradation on
the effect of bioremediant of room-dried sample of 50g and 100g dosage.
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Figure 7 shows revealed the phosphorous concentration comparison upon the effect of remediate
dosage of 50g and 100g in bioreactors in relationship to time factor. Indeed, the phosphorous utilization
by the microbes was experienced to more on 100g dosage than the 50g dosage of the bioremediation
(bio stimulant). The trend of the phosphorous utilization was in the order of P100G> P50G, showing
that the more the bioremediate (biostimulant) the more the petroleum hydrocarbon utilization will

increase.
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Figure 7. Comparison of Phosphorus Content (P) versus Time for Petroleum Hydrocarbon Degradation
on the Effect of Bioremediant of Room-Dried Sample of 50g and 100g Dosage.

Figure 8 shows the trend of the comparison of the potassium concentration in relationship to the
dosage effect on petroleum hydrocarbon remediation and the conditions of the available nutrient of the
sandy — loamy soil integrity is restored. Decrease in the potassium concentration in different bioreactors
was experienced with increase in time. The effective of the bioremediant of room — dried sample was
tested and the potential of the potassium revealed initial decrease in concentration without above zero
day to 28days, before sudden increase in potassium concentration and the order of utilization was

K100G> K50G.
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Figure 8. Comparison of potassium content (K) versus time for petroleum hydrocarbon degradation on
the effect of bioremediant of room-dried sample of 50g and 100g dosage.

Figure 9 shows the total organic carbon (TOC) utilization in the bioreactors with respect to period of
exposure (contact time) in petroleum hydrocarbon remediation to sandy — loamy soil using
bioremediant (biostimulant) research shows decrease in the TOC value with increase time for period of
above zero day to 28 days, before sudden increase in TOC value demonstrating sandy — loamy soil
restoration. The TOC utilization by microbes revealed TOC 100G> TOC 50G and as the process
proceed more of the TOC of 100g dosage increases in the sandy — loamy soil compared to 50g dosage
and the detail characteristics of the 50g dosage and the detail characteristics of the bioremediant dosage
of 100g is shown in appendix.

Figure 10 show the pH valued of the bioreactors of 100g and 50g dosage of the process as remediation
of the petroleum hydrocarbon degradation increase with respect to increase in time (period of exposure).
In fact, that result revealed that the initial characteristics of the pH changes from week acidic condition
to strong acidic condition. Furthermore, as restoration of the sandy- loam soil potential was restored the
pH returned to alkaline. The research revealed that pH value change does not influence the microbial
activities in the process.
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Figure 9. Comparison of TOC versus time for petroleum hydrocarbon degradation on the effect of
bioremediant of room-dried sample of 50g and 100g dosage.
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Figure 10. Comparison of pH versus time for petroleum hydrocarbon degradation on the effect of
bioremediant of room-dried sample of 50g and 100g dosage.

Figure 11 shows the nitrogen content concentration in bioreactor in which the bioremediant was
processed through the concept of sun — dried and then introduced into the sandy — loamy soil
contaminated with petroleum hydrocarbon. The trend of change in the nitrogen concentration revealed
initial decrease from above zero day to 28 days, before increase in the nitrogen concentration in the
sandy — loamy soil with increase in time. This characteristic favors the microbial growths in the
bioreactor and improved petroleum hydrocarbon remediation in the process.
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Figure 11. Nitrogen content versus time for petroleum hydrocarbon degradation on the effect of
bioremediant of sun-dried sample of 50g dosage.

Figure 12 shows the trend of the phosphorous concentration variation with respect to change the
period of exposure (time) in sandy-loamy soil contaminated with petroleum hydrocarbon. The research
shows initial decrease in the phosphorous concentration with respect to increase time for above zero
day to 28 days and increase in phosphorous concentration experienced from above 28days to 42 days
of experimental period.
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Figure 12. Phosphorous content versus time for petroleum hydrocarbon degradation on the effect of
bioremediant of sun-dried sample of 50g dosage.
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Figure 13 shows the characteristics the potassium concentration in the remediation of petroleum
hydrocarbon in sandy — loamy soil, which received bioremediate of sun — dried materials. However, the
obtained data shows decrease in potassium concentration from above zero day to 28 days with decrease
in petroleum hydrocarbon experienced in the process. The result obtained further illustrate increase in
potassium concentration after 28days.
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Figure 13. Potassium content versus time for petroleum hydrocarbon degradation on the effect of
bioremediant of sun-dried sample of 50g dosage.

Figure 14 show the trend of the total organic content (TOC) value of the bioreactor sampled, which
contained contaminated sandy — loamy soil with petroleum hydrocarbon and presence of the sun-dried
application of the bioremediate (biostimulant). The research demonstrates decrease int eh TOC value
with respect to increase in the time of contract for period of above zero day to 28 days. However,
increase in the TOC value in the sandy loamy soil increased at time above 28days, revealing nutrient
restoration in the bioreactor.

45
40 L 3916

37.81

0 22.94

0 5 10 15 20 25 30 35 40 45
Time (Day)

Figure 14. TOC versus time for petroleum hydrocarbon degradation on the effect of bioremediant of
sun-dried sample of 50g dosage.

JournalsPub 2026. All Rights Reserved 63



Investigation on the Comparison of the Physical Properties of Stimulants for Petroleum Peter et al.

Figure 15 shows the properties of the pH value of the pH in the bioreactor, which received sun —
dried bioremediation for the treatment of sandy — loamy soil contaminated with petroleum hydrocarbon.
The pH value increased in pH value of week acid to strong acid which from the process without
inhibiting the microbial growths. And after the sandy — loamy soil integrity was restored a change in
pH occurs form strong acid to week acid. Both process condition favors the degradant process of the
petroleum hydrocarbon as well as the microbial growth.
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Figure 15. pH versus time for petroleum hydrocarbon degradation on the effect of bioremediant of sun-
dried sample of 50g dosage.

Figure 16 shows the comparison of the nitrogen concentration utilization in the two different
bioreactors dosed with 50g and 200g dosage of the sun — dried bioremediating (biostimulant). The
behaviour of both applications followed the same trend with decrease in the nitrogen concentration after
zero day to 28 days showing increase in the nitrogen nutrient utilization by the microbes in each
bioreaction with increase in the period of exposure (time). However, the obtained data revealed more
nitrogen nutrient utilization of the order of N100G > N50G. this order can be integrated to the available
nutrient presence in the bioreactor and the ability of the possible microbes to utilize them for their source
of energy for the purpose of catalyzing the process by degrading the petroleum hydrocarbon.

Figure 17 shows the trend of the comparison of phosphorous utilization by the microbes with respect
to changes in times (period of exposure). The sandy — loamy soil which was contaminated with
petroleum hydrocarbon received bioremediates of 50g and 100g dosage in each bioreactor. the
application of the bioremediating is to supply available nutrient for the microbes to make use of while
ensuring effectiveness in the petroleum hydrocarbon degradation and remediation in each of the
bioreactor set u. the research showcase decrease in the phosphorous concentration for a period of 28
days. It was experienced that after the 28 days an increase in the phosphorous concentration was notices
demonstrating the restoration of the available nutrient of phosphorus on the each of the bioreactor. the
bioremediant (biostimulant) used was sun — dried sample.

JournalsPub 2026. All Rights Reserved 64



International Journal of Environmental Chemistry
Volume 12, Issue 1
ISSN: 2456-5245

45

39.49
40 36.96 e
34.24

38.12

30 (3424 3349

20 24.13

22.81

N Content (%)

0 5 10 15 20 25 30 35 40 45
Time (da
—e—N50G I\??OOG

Figure 16. Comparison of nitogen content versus time for petroleum hydrocarbon degradation on the
effect of bioremediant of sun-dried sample of 50g and 100g dosage.
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Figure 17. Comparison of phosphorous content versus time for petroleum hydrocarbon degradation on
the effect of bioremediant of sun-dried sample of 50g and 100g dosage.

Figure 18 shows the comparison of the potassium concentration obtained from the application of
using bioremediate of sun-dried sample of different mass of dosage of 50g and 100g, which was
introduced into sandy-loamy soil contaminated with petroleum hydrocarbon. The result of this research
revealed decrease in the potassium concentration up to 28 days upon utilization by the available
microbes of the hydrocarbon utilizing bacteria and fungi. Furthermore, the trend of the behaviour in
terms of the available potassium concentration continuous to increase after 28 days revealing the
nutrient restoration due to petroleum hydrocarbon degradation, which yield positive outcomes.
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Figure 18. Comparison of potassium content versus time for petroleum hydrocarbon degradation on
the effect of bioremediant of sun-dried sample of 50g and 100g dosage.

Figure 19 shows the TOC characteristics in the two different bioreactors dosed with 50g and 100g
dosage of the bioremediant (biostimulant). Decrease in TOC value was seen with increase in period of
exposure (time) for each of the bioreactor for time period of 28 days and increase in the TOC nutrient
availability in sandy — loamy soil after 28 days showing the remediation of the contaminated petroleum
hydrocarbon in each bioreactor set up. However, the research has addressed the significance of the TOC
restoration after the contaminated sandy -loamy soil has been remedy and the potential of the available
nutrient of TOC restored and this process was achieved using sun dried sample of the bioremediant.
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Figure 19. Comparison of TOC versus time for petroleum hydrocarbon degradation on the effect of

bioremediant of sun-dried sample of 50g and 100g dosage.
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Figure 20 shows the comparison of the pH values trend of 50g and 100g dosage performance of the
bioremediate use in the treatment of the contaminated sandy — loamy soil with petroleum hydrocarbon.
The result illustrates initial changes in pH values from week acid in nature to stronger acide within the
period of 21 days and after this period a change in the trend the pH value was experienced from strong
acid in nature to week acid. This behavioiur in characteristic was the same for the two bioreactors
investigated in this case using sun — dried sample of this bioremediant (biostimulant).
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Figure 20. Comparison of pH versus time for petroleum hydrocarbon degradation on the effect of
bioremediant of sun-dried sample of 50g and 100g dosage.

CONCLUSION

The concepts of using bioremediant (biostimulant) in treatment of contaminated soil environment is
not new but the concepts and the type of the bioremediant used as well as the model in which the
bioremediant (biostimulant) is prepared and applied can led to new concept provided the approach and
technique used fielded a positive outcome. One of the mechanisms used to achieved this is by
determining the physiochemical properties of all the substances involved for the programs to proceed
without no negative impact or challenges on the process. To achieve this the following were examined,
physiochemical properties of the bioremediant (biostimulant) of sun and room-dried samples, property
of sandy loamy soil characteristics of some parameters, crude oil parameters of density and viscosity as
well as the total petroleum hydrocarbon.

Examination and Results of the Physiochemical Parameters

The research demonstrates the characteristics of following parameters monitored from the initial raw
materials used before introducing them into the bioreactors with different dosage concentration and one
used as control sample. The parameters are total organic content (TOC) pH, nitrogen concentration,
phosphorus concentration, potassium concentration, hydrocarbon utilizing bacteria and hydrocarbon
utilizing fungi as well as the Total Petroleum Hydrocarbon (TPH). The concentration of these
parameters’ changes with changes in microbial concentration hydrocarbon utilization (decrease in TPH)
and increase in time at the progressive phase of the remediation.
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