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ABSTRACT

Background and aims. Libya like other most of the oil-producing countries in the world suffers from many environmental
problems that negatively affect the balance of the ecosystem. Petroleum hydrocarbons are the most important of these
problems and the main pollutants that increase the damage to the ecosystem, whether the pollution of waters seas, and
oceans, which affected biodiversity, which also reached large areas of agricultural land, which led to the deterioration of
biodiversity. The microbial treatment of these petroleum hydrocarbons is one of the economic and environmental methods
trends currently used, where the bioremediation technology using bacteria has proven to be a safe, effective, and
environmentally friendly method compared to other chemical methods. Thus, it can be considered one of the best techniques
for dealing with soil contaminated with oil and replanting it again with crops. Methods. This experiment was conducted in
wooden boxes to evaluate the role of Paenibacillus macerans in the disinfection of agricultural land affected by petroleum
hydrocarbons. Barley seeds were grown in contaminated soil with a concentration of 10% of crude oil, and bacteria were
added at sowing, and 20 days pre-sowing, compared to control (uncontaminated soil). The germination and growth
characteristics of barley seedlings were studied as one of the indicators of the ability of Paenibacillus macerans bacteria to
disinfect biodegrade crude oil pollutants. Results. The results showed the positive effect of the bacterial strain and the ability
to biodegrade petroleum hydrocarbons and the success of barley cultivation in contaminated soil up to a concentration of
10% of these petroleum residues. Conclusion. Bacteria Paenibacillus macerans has ability to decompose petroleum
pollutants resulting from the extraction and transportation of petroleum oil and its hydrocarbon derivatives. This allow us
to successfully cultivate contaminated farmland again.

Cite this article: Allafe M, Omar E, Abdullah A, Mohammed F. Bioremediation of Crude Oil Residues in Libyan
Agricultural Lands. Alg J Med App Sci. 2022;5(2):498-502. https://doi.org/10.5281/zenodo.7191167

INTRODUCTION

Most of the oil-producing countries in the world suffer from many environmental problems that negatively affect the balance
of the ecosystem. Petroleum hydrocarbons are the most important of these problems and the main pollutants that increase
the damage to the ecosystem, whether the pollution of waters seas and oceans, which affected biodiversity, which also
reached large areas of agricultural land, which led to the deterioration of biodiversity [1,2]. Libya, like the rest of the world's
oil-producing countries, has been affected by it, which is evident in the increase in the areas of agricultural land and pastures,
in which plant life has been completely lost. Thus, in order to develop these lands again, it was necessary to develop
alternative and environmentally friendly techniques to remove these pollutants from the soil, and the microbial treatment of
these petroleum hydrocarbons is one of the economic and environmental methods trends currently used, as it was found that
the main components of crude oil are degradable through the use of microbes (Some types of bacteria, algae, and fungi)
where the bioremediation technology using bacteria has proven to be a safe, effective and environmentally friendly method
compared to other chemical methods. Thus, it can be considered as one of the best techniques for dealing with soil
contaminated with oil and replanting it again with crops.

Bioremediation is one of the methods used to treat pollution from hydrocarbons in the soil resulting from leakage from oil
production pipelines and increased human activities, which are the main components of crudest oils and are characterized
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by their susceptibility to decomposition. Many different types of microbes have been used, such as bacteria, yeast and fungi.
Where the performance and efficiency of the biological analysis of these microorganisms varied, we find that it ranged
between 6% to 82% when using fungi, while the efficiency of marine bacteria reached 100% [3-5]. As it is well known that
there are many microorganisms that have a high ability to use hydrocarbons as a source of carbon and energy [6,7].

The microbe used varies according to the composition of the hydrocarbons found in the polluted soil. There are 4 main types
of hydrocarbons: alkanes, alkenes, alkynes and aromatic hydrocarbons, all of which differ in their bonding properties [8,9].
The aromatic hydrocarbons (naphthalene, phenanthrene, anthracene, pyrene, dibenzoanthracene, benzopyrene) are the most
important and dangerous pollutants in soil and water environments because they contain many cytotoxic, mutagenic and
possibly carcinogenic compounds [10,11].

But the biodegradation of crude oil is a complex process that mostly depends on the nature and quantities of hydrocarbons
present in the soil, of all the microbes used, bacteria are the most active and successful agents in the biodegradation of
petroleum. Despite this, the most important limiting factor for completing this process in the environment is the limited
availability of microorganisms, as the efficiency of performing that microbial inoculation in soil and sediments for biological
treatment and pollution control is affected by some factors such as the concentration of active inoculants, the interaction
between inoculating microorganisms, indigenous populations, the nutrient supply of the target microorganisms, and the type
of hydrocarbon targeted and present in the soil [12,13].

The microbial world is the largest source of biodiversity which exists in diverse ecologies, which play a great promise
because the role of microbes in nutrient cycling, environmental detoxification [14,15]. Paenibacillus which formerly known
as Bacillus has attracted considerable interest because of its great usage in sustainable agriculture.

In 1991, according to Ash C., a more accurate representation relationship among these bacteria was attained when the 16S
rRNA gene was sequenced for standard strains from 51 species and then identified as Bacillus.

The Paenibacillus is almost a Bacillus Comparative 16S rRNA, which contains various species such as B. macerans, B.
alvei, B. gordonae, B. amylolyticus, B. azotofi xans, B. larvae, B. macquariensis, B. pabuli, B. polymyxa, B. pulvifaciens
and B. validus [16]. Paenibacillus species can be utilized in the removal environmental contaminants, through
bioflocculation or enzymatic activities, which are often used in wastewaters or at sites of environmental spills where they
produce biological flocculants consisting of sugars, proteins, or other macromolecules. P. jamilae, P. macerans, P. polymyxa
and P. validus strains have been shown to enhance the biomagnification of heavy metal ions or acidic pigments, through
the production of various enzymes that metabolize aliphatic and aromatic organic pollutants, including dehydrogenase and
ligninlytic enzymes [17,18]. Paenibacillus strains can also degrade pollutants derived from extracting, refining, and
transporting petroleum including crude oil [4] and the polycyclic aromatic hydrocarbons (PAHSs) [19]. So we illustrate the
role of microbial treatment of petroleum hydrocarbon residues in agricultural lands, and the use of bioremediation
technology using Paenibacillus macerans bacteria as one of the safe, effective and environmentally friendly methods for
disinfecting oil-contaminated soil and re-cultivating it again with crops.

METHODS

Experiment

Experiments were conducted in Tobruk University, Faculty of Natural Resources and Environmental Sciences, the
Department of Environmental Sciences, Libya, to study the effect of bacteria Paenibacillus macerans on the disinfection of
agricultural lands contaminated with petroleum residues and the extent of their ability to biodegrade these hydrocarbon
compounds in the soil and the extent to which they can be grown again, barley was grown as one of the important crops and
as an indicator of the effect of bacteria.

The one m? wooden boxes were prepared and the height of the soil was 25 cm, the soil was treated as follows: 1). Soil
contaminated with crude oil at a concentration of 10%, as a control without addition bacteria. 2). Soil contaminated with
crude oil at a concentration of 10%, with the addition of bacteria Paenibacillus macerans when sowing. 3). Soil
contaminated with crude oil at a concentration of 10%, with the addition of bacteria Paenibacillus macerans pre 20 days of
sowing. Barley (Mexican variety) was grown using a completely random design in 3 replicates during the 2020-2021 season,
each replicate containing 100 grains.

Measurements
Morphological characteristics included Germination (%), feather and Root length according to AOSA [20], leaf area (cm?)
according to Thomas [21], wet weight (gr.).
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Statistical analysis
The results were statistically analyzed according to Gomez and Gomez [22], by analysis of variance (ANOVA), using L.S.D
at 5% for comparison among different factors by using the SPSS program.

RESULTS

Barley germination

The results showed in table (1) the positive role of bacteria Paenibacillus macerans usage in the process of biodegradation
of hydrocarbons, which was evident in the success of the germination process of barley in the ponds to which bacteria were
added, but on the contrary, the percentage of germination was 0% in the control treatment (without adding bacteria). It was
also noted that the addition of bacteria to the soil 20 days before planting led to an increase in the germination rate by 25%
over the germination rate of barley which has been sowed with the addition of bacteria, which amounted to 69%.
Furthermore, we had found that adding the bacteria Paenibacillus macerans to contaminated soil 20 days pre barley planting
also led to faster germination of barley grains than the soil in which bacteria were added when planting, where barley
seedlings appeared after 4-7 days in the first treatment, but it took about 12-15 days in the second treatment. This shows
that adding bacteria 20 days pre sowing has led to the biodegradation of hydrocarbons and the soil is ready for cultivation.

Table 1. Germination energy (%) and germination force (%) of barley grains under planting in contaminated soil by

crude oil
Number of days after planting Germination
Treatment
4 | 5|6 7(8|9|10 11|12 |13 |14 | 15 (%)
Without bacteria (control) X | x | x | x| x|x]| x X X X X X 0%
Bacteria Paenibacillus macerans when sowing | 18 | 36 [ 31 | 9 | x | x | X | x | X | x [ X X 94%
BacteriaPaenibacillusmaceranspreZOdaysof x | x| x| x|x|x| x| x|12/27119| 11 69%
sowing

Table 2. Barley seedling vigor under planting in contaminated soil by crude oil (petroleum hydrocarbons).

Feather )
Treatment Root (Ice:qg))jth length Wet V\(/e'r%ht (IC‘;%; '?‘;ES
(cm) g p
Without bacteria (control) 0.0 0.0 0.0 0.0
Bacteria Paenibacillus macerans when sowing 6.65 8.04 7.0 1.7
Bacteria Paembamll:;vwg;erans pre 20 days of 8.71 9.4 14.4 33

DISCUSSION

This study demonstrates the possibility of biodegradation of pollutants derived from petroleum extraction, refining, and
transportation, including crude oil, by the Paenibacillus spp., which was reported by Almeida [4] and Haggblom [19], that
the crude oil and polycyclic aromatic hydrocarbons (PAHSs) degrade by strains of the genus Paenibacillus. This was evident
in the disinfection of oil-contaminated soil when bacteria were added and make suitable for cultivation again, which had a
positive effect on the germination of barley grains when planted in this soil.

On the other hand, another studies reported that many Paenibacillus species promote crop growth through nitrogen fixation,
phosphate dissolution, and production of Indole Acetic Acid (IAA) and other plant hormones [23,24]. Auxin, in addition to
increasing the ability of plants to resist insects and plant pathogens, which positively affected the growth characteristics of
barley seedlings.
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CONCLUSION

According to what has been achieved through experiments, it is clear the ability of bacteria Paenibacillus macerans to
decompose petroleum pollutants resulting from the extraction and transportation of petroleum oil and its hydrocarbon
derivatives, and the possibility of re-cultivating lands that have been contaminated with such waste.
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