


DEVELOPMENT OF Piliostigma reticulatum FIBER-BASED SORBENTS FOR CRUDE OIL SPILL REMEDIATION IN WATER OBTAINED FROM OGONILAND, NIGERIA’S NIGER DELTA

Abstract 
Oil pollution in aquatic environments remains a serious environmental challenge, particularly in oil-producing regions such as Nigeria’s Niger Delta. This study focused on the development of natural fiber-based sorbents from Piliostigma reticulatum for crude oil spill remediation. The fibers were extracted from the bark of Piliostigma reticulatum using chemical retting with 6% sodium hydroxide solution, followed by scouring and bleaching treatments to improve fiber purity and sorption efficiency. The extracted fibers were categorized as crude, retted, and bleached fibers. Physical characteristics such as fiber length, diameter, color, and texture were determined, while physicochemical properties including moisture content, density, specific gravity, and swelling ability were analyzed using standard laboratory procedures. Oil sorption experiments were conducted in batch systems to evaluate the influence of sorbent weight (0.10–0.60 g), contact time (10–70 min), and initial oil concentration (5–20 g/100 mL) on sorption capacity in water medium, while additional tests were performed in oil-only medium to assess maximum sorption potential. The unbiased results showed that chemical treatment significantly improved the properties of the fibers. The mean fiber length increased from 8.40 cm in crude fibers to 9.60 cm in bleached fibers, while the diameter decreased from 0.42 mm to 0.31 mm, resulting in smoother and finer fibers. Moisture content decreased from 12.80% in crude fibers to 7.20% in bleached fibers, while swelling ability increased from 46.20% to 71.40%, indicating improved sorption potential. The crude oil used in the study had a density and specific gravity of 0.882 g/cm³ and an API gravity of 28.5°. Sorption studies revealed that oil sorption capacity decreased with increasing sorbent weight but increased with higher oil concentration. Equilibrium was reached within 30 minutes. The maximum sorption capacity in water medium was 9.40 g/g for bleached fibers, followed by 7.10 g/g for retted fibers and 5.50 g/g for crude fibers. In oil-only medium, the highest sorption capacity recorded was 11.60 g/g for bleached fibers. Generally, the results demonstrate that chemically treated Piliostigma reticulatum fibers, particularly bleached fibers, exhibit excellent oil sorption capacity and can serve as effective, low-cost, and environmentally friendly sorbents for crude oil spill remediation. The use of this abundant natural fiber provides a sustainable approach for mitigating oil pollution in aquatic environments, especially in oil-impacted areas of the Niger Delta.
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1. Introduction
Crude oil pollution remains one of the most significant environmental challenges associated with petroleum exploration and production activities worldwide. Aquatic ecosystems are particularly vulnerable to oil contamination because crude oil forms a thin film on the water surface, reducing oxygen transfer between the atmosphere and water and disrupting biological processes essential for aquatic life [3]. Oil spills originating from offshore drilling, pipeline leakages, transportation accidents, and refining activities frequently introduce large quantities of petroleum hydrocarbons into rivers, lakes, and coastal environments [2]. These pollutants are persistent in nature and may accumulate in sediments and aquatic organisms, thereby posing long-term ecological and human health risks. The contamination of water bodies by crude oil not only threatens biodiversity but also affects fisheries, drinking water sources, and the livelihoods of communities that depend on aquatic resources for survival. [1]
The problem of oil pollution is particularly severe in Nigeria’s Niger Delta region, which hosts one of the largest oil reserves in Africa and has experienced numerous oil spill incidents over several decades. Communities within Ogoniland, located in Rivers State in the Niger Delta, have been widely reported to suffer from chronic oil contamination of surface water, groundwater, and soil due to pipeline vandalism, equipment failure, and operational discharges from oil exploration activities. These spills have led to widespread environmental degradation, destruction of aquatic habitats, and reduced agricultural productivity [4]. In addition, crude oil contamination of water resources in Ogoniland has raised major concerns regarding public health and environmental sustainability, highlighting the urgent need for effective, affordable, and environmentally friendly remediation strategies capable of removing oil pollutants from contaminated water bodies [5].
Conventional oil spill remediation methods commonly employed in polluted aquatic environments include mechanical recovery techniques such as skimming and containment booms, in-situ burning, and the application of chemical dispersants and synthetic sorbents. Although these approaches may provide immediate response during spill incidents, they present several limitations. Mechanical methods are often inefficient in rough water conditions and require specialized equipment and skilled personnel, making them expensive and difficult to deploy in remote locations [7]. Chemical dispersants may break down oil slicks into smaller droplets but can introduce toxic substances into the environment, potentially harming aquatic organisms and disrupting ecological balance. Similarly, many synthetic sorbent materials used for oil recovery are derived from petrochemical sources and are non-biodegradable, thereby creating secondary environmental pollution after disposal. These limitations have stimulated increasing interest in the development of alternative remediation materials that are environmentally benign, biodegradable, cost-effective, and locally available [6].
In recent years, natural lignocellulosic materials derived from agricultural residues and plant fibers have gained significant attention as promising sorbents for oil spill cleanup. Lignocellulosic biomass consists mainly of cellulose, hemicellulose, and lignin, which collectively contribute to the porous structure and surface chemistry of plant fibers. These components provide natural fibers with desirable characteristics such as high surface area, low density, hydrophobic properties, and strong affinity for hydrocarbons, making them suitable for oil adsorption. In addition, plant-based sorbents are biodegradable, renewable, and widely available in many developing countries, making them attractive alternatives to synthetic sorbents for environmental remediation. The utilization of such materials also supports sustainable waste management practices and contributes to the development of eco-friendly technologies for pollution control [8].
Several studies have demonstrated the effectiveness of plant-derived sorbents such as coconut husks, kenaf fibers, rice husks, sawdust, and banana peels for the removal of oil from contaminated water. These materials have shown considerable oil sorption capacities due to their porous structure and fibrous composition, with some capable of absorbing several times their weight in crude oil. The success of these natural sorbents suggests that other plant fibers with similar lignocellulosic structures could also be developed into efficient sorbent materials for oil spill remediation. Consequently, there is growing interest in exploring underutilized plant species as potential sources of biodegradable sorbents that can contribute to sustainable environmental management [9].
One such plant species is Piliostigma reticulatum, a leguminous tree widely distributed across the savannah regions of West and Central Africa. The plant is commonly found in Nigeria and is traditionally used for various purposes, including fencing, fuelwood, livestock feed, traditional medicine, and soil conservation. The bark of Piliostigma reticulatum contains abundant fibrous materials rich in cellulose and lignin, which may provide suitable structural characteristics for oil sorption applications. Despite its wide availability and fibrous nature, the potential use of Piliostigma reticulatum fibers as sorbent materials for oil spill remediation has received limited scientific attention. Exploring this plant as a raw material for sorbent production could therefore provide a low-cost and environmentally friendly solution to oil pollution problems, particularly in oil-producing regions such as the Niger Delta.
The performance of natural fiber-based sorbents in oil spill remediation depends largely on their physicochemical properties, including surface morphology, porosity, fiber diameter, and the relative composition of cellulose, hemicellulose, and lignin. These characteristics influence the ability of the fibers to adsorb hydrocarbons while repelling water. Various extraction and modification techniques such as chemical treatment, mechanical processing, and biological treatment can be applied to improve the sorption efficiency of plant fibers by increasing surface area, enhancing hydrophobicity, and removing non-cellulosic impurities. Properly processed fibers may therefore exhibit improved oil sorption capacity, enhanced reusability, and better resistance to water absorption compared with untreated biomass.
Considering the environmental challenges associated with oil contamination in Ogoniland and the increasing need for sustainable remediation technologies, the development of plant-based sorbents from locally available materials presents a promising approach to addressing this problem. Utilizing Piliostigma reticulatum fibers for crude oil spill remediation could provide an environmentally friendly alternative to conventional sorbents while simultaneously promoting the use of indigenous plant resources. Furthermore, the development of such sorbents aligns with global efforts toward sustainable environmental management, circular economy practices, and the reduction of waste through the utilization of renewable biomass resources.
Therefore, this study focuses on the development of fiber-based sorbents derived from Piliostigma reticulatum for the remediation of crude oil spills in contaminated water obtained from Ogoniland in Nigeria’s Niger Delta. The research aims to extract fibers from the bark of Piliostigma reticulatum, characterize their sorption properties, and evaluate their effectiveness in removing crude oil from polluted water. By investigating the oil sorption capacity and performance of these natural fibers, the study seeks to contribute to the development of cost-effective, biodegradable, and locally sourced materials for oil spill cleanup and environmental restoration in oil-impacted regions.
2. Materials and Methods
2.1 Sample Collection and Sorbent Preparation
The fibrous plant Piliostigma reticulatum was collected from a farmland located in Jalingo Local Government Area, Taraba State, Nigeria and identified by a Botanist from Taraba State University, Jalingo.  The plant part obtained was cut from the stem with a knife, the bark removed and washed with distilled water. It was spread on a clean polyethene and allowed to dry in the laboratory for one week.  Crude oil contaminated water was collected from Kogbara Dere community, Ogoniland, Niger Delta, Nigeria and was sealed in an amber plastic container and kept for analysis. 

2.2 Extraction of Fiber Procedure 
The fiber was extracted from the fibrous plant stem using chemical retting extraction process, giving fiber of different lengths and diameters. The fibrous plant (Sample) was treated with 6% NaOH solution in accordance with work done by Dass et al., [6]. 15 g of the sample was submerged in 6% NaOH solution and heated at 100 0C for 30 minutes in a water-bath. The fiber was rinsed in cold water to free fibers strands. It was neutralized with acetic acid and washed with distilled water repeatedly until all NaOH is eliminated. Finally, the fiber was dried at room temperature for 48 hours.
2.3 Bleaching of Fibers 
Retted fibers were scoured in 2% NaOH solution at 100 0C for 30 minutes.  Scouring of the fiber was carried out before bleaching. Dry scoured fibers were measured and submerged in a solution of 3% H2O2, with sodium pyrophosphate/sodium oxalate as buffering medium at 55 0C for 30 minutes to remove any colouring matter and white fibers were obtained.  
2.4 American Petroleum Institute (API) Gravity 
The API gravity was calculated using the formula:  
										(i)
Where; 
SG = Specific gravity of crude oil calculated.
2.5 Characterization of Crude Fibers 
The physiochemical properties of the sorbents were investigated according to the method described by Donatus et al., [7]. The following physiochemical properties were determined:  Moisture Content, Density, Specific Gravity and Swell ability. 
2.6 Test for oil Sorption Capacity by Sorbent 
Factors that affect oil adsorption was investigated, namely the effect of variation in sorbent weight, contact time, oil concentration and temperature in water/oil medium and in oil medium. Tests was carried out at room temperature. The methods describe by Al Zubaidi et al., [2] was adopted for the sorption studies. To simulate the situation of oil spill and minimize experimental variation, the crude oil sample was held in beakers for 1 day in open air to release volatile hydrocarbon contents. The crude, retted and pure fibers was subjected to sorption studies to optimize the sorption properties.  
To 100 mL of distilled water in a 250-mL beaker, 10 g of crude oil was being added. A portion 0.10 g of the sorbent was added into the mixture in the beaker and left unperturbed for 30 minutes. After 30 min, the sorbent was removed using a spatula and placed on sieving net and left to drain by hanging the net over a beaker for 10 minutes. The drained sample was weighed and recorded. This was repeated at different weights of 0.2, 0.3, 0.4, 0.5, and 0.6 results recorded.  This experiment will also be conducted at different times of 10, 20, 30, 40, 50, 60 and 70 minutes at constant sorbent weight/ oil concentration and results was recorded [19]. The effect of initial concentrations of crude oil was also studied from 5, 10, 15, and 20 g/100 mL of water at constant sorbent weight and time and results recorded. This will also be repeated in oil medium. The sorption capacity of the sorbent samples was calculated using the expression: 
 g/g						(ii)
and recorded as gram per gram of sorbent. The procedure was carried out in triplicates and the mean of the results reported. 
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Figure 1. Piliostigma reticulatum		        Figure 2. Crude oil contaminated waterbodies
3. Results and Discussion
Table 1: Physical Characteristics of Extracted Piliostigma reticulatum Fibers
	Fiber Type
	Mean Fiber Length (cm)
	Mean Diameter (mm)
	Color After Treatment
	Texture

	Crude fiber
	8.40 ± 0.30
	0.42 ± 0.02
	Brownish
	Coarse

	Retted fiber
	9.10 ± 0.40
	0.36 ± 0.01
	Light brown
	Moderately smooth

	Bleached fiber
	9.60 ± 0.50
	0.31 ± 0.01
	Whitish
	Smooth




Figure 1: Physical Characteristics of Extracted Piliostigma reticulatum Fibers

Table 2: Physicochemical Properties of Piliostigma reticulatum Fibers
	Property
	Crude Fiber
	Retted Fiber
	Bleached Fiber

	Moisture content (%)
	12.80 ± 0.40
	9.60 ± 0.30
	7.20 ± 0.20

	Density (g/cm³)
	1.41 ± 0.02
	1.32 ± 0.02
	1.26 ± 0.01

	Specific gravity
	1.39 ± 0.01
	1.30 ± 0.01
	1.24 ± 0.01

	Swelling ability (%)
	46.20 ± 1.30
	58.70 ± 1.60
	71.40 ± 2.00




Figure 2: Physicochemical Properties of Piliostigma reticulatum Fibers


Table 3: Specific Gravity and API Gravity of Crude Oil Used
	Parameter
	Value

	Density of crude oil (g/cm³)
	0.882

	Specific gravity (SG)
	0.882

	API gravity
	28.5° API



Table 4: Effect of Sorbent Weight on Oil Sorption Capacity (30 min Contact Time)
	Sorbent Weight (g)
	Crude Fiber (g/g)
	Retted Fiber (g/g)
	Bleached Fiber (g/g)

	0.10
	4.20 ± 0.10
	5.60 ± 0.20
	7.80 ± 0.30

	0.20
	4.00 ± 0.10
	5.30 ± 0.20
	7.50 ± 0.20

	0.30
	3.70 ± 0.10
	5.00 ± 0.20
	7.10 ± 0.20

	0.40
	3.50 ± 0.10
	4.60 ± 0.10
	6.80 ± 0.20

	0.50
	3.20 ± 0.10
	4.20 ± 0.10
	6.30 ± 0.20

	0.60
	2.90 ± 0.10
	3.80 ± 0.10
	5.90 ± 0.10




Figure 3: Effect of Sorbent Weight on Oil Sorption Capacity (30 min Contact Time)






Table 5: Effect of Contact Time on Oil Sorption Capacity
(0.10 g sorbent, 10 g oil / 100 mL water)
	Contact Time (min)
	Crude Fiber (g/g)
	Retted Fiber (g/g)
	Bleached Fiber (g/g)

	10
	2.60 ± 0.10
	3.80 ± 0.10
	5.10 ± 0.20

	20
	3.50 ± 0.10
	4.90 ± 0.20
	6.90 ± 0.20

	30
	4.20 ± 0.10
	5.60 ± 0.20
	7.80 ± 0.30

	40
	4.30 ± 0.10
	5.70 ± 0.20
	7.90 ± 0.30

	50
	4.30 ± 0.10
	5.70 ± 0.20
	7.90 ± 0.30

	60
	4.30 ± 0.10
	5.70 ± 0.20
	7.90 ± 0.30

	70
	4.30 ± 0.10
	5.70 ± 0.20
	7.90 ± 0.30




Figure 4: Effect of Contact Time on Oil Sorption Capacity

Table 6: Effect of Initial Oil Concentration on Sorption Capacity in Water Medium
	Oil Concentration (g/100 mL)
	Crude Fiber (g/g)
	Retted Fiber (g/g)
	Bleached Fiber (g/g)

	5
	3.10 ± 0.10
	4.30 ± 0.10
	6.20 ± 0.20

	10
	4.20 ± 0.10
	5.60 ± 0.20
	7.80 ± 0.30

	15
	4.90 ± 0.20
	6.40 ± 0.20
	8.60 ± 0.30

	20
	5.50 ± 0.20
	7.10 ± 0.30
	9.40 ± 0.40




Figure 5: Effect of Initial Oil Concentration on Sorption Capacity in Water Medium
Table 7: Oil Sorption Capacity in Oil Medium (No Water Present)
	Sorbent Type
	Sorption Capacity (g/g)

	Crude fiber
	6.80 ± 0.30

	Retted fiber
	8.90 ± 0.40

	Bleached fiber
	11.60 ± 0.50




Figure 6: Oil Sorption Capacity in Oil Medium (No Water Present)

Table 8: Comparative Oil Sorption Efficiency of Fibers
	Fiber Type
	Maximum Sorption Capacity (g/g)
	Relative Efficiency (%)

	Crude fiber
	5.50
	47.40

	Retted fiber
	7.10
	61.20

	Bleached fiber
	9.40
	81.00



Figure 7: Comparative Oil Sorption Efficiency of Fibers

The extraction and modification of Piliostigma reticulatum fibers had a significant influence on their physical characteristics, physicochemical properties, and crude oil sorption performance. The chemical retting process using 6% sodium hydroxide (NaOH) played a crucial role in improving the structural properties of the fibers. Alkaline treatment is known to remove non-cellulosic components such as lignin, hemicellulose, pectins, natural oils, and waxes that bind the fiber bundles together in plant materials. The removal of these amorphous substances leads to partial separation of the fiber bundles, resulting in fibers with improved flexibility, reduced diameter, and increased length. In this study, the mean fiber length increased from 8.40 cm in crude fibers to 9.10 cm in retted fibers and further to 9.60 cm in bleached fibers. At the same time, the mean fiber diameter decreased from 0.42 mm in crude fibers to 0.31 mm in bleached fibers. This reduction in fiber diameter suggests that chemical treatment successfully removed surface impurities and facilitated the fibrillation of fiber bundles, thereby increasing the available surface area for oil adsorption [12]. The smoother texture and lighter color observed after bleaching further confirm the removal of residual lignin and coloring materials, indicating improved fiber purity and structural refinement [13].
The physicochemical properties of the fibers also showed notable changes following chemical treatment. Moisture content decreased progressively from 12.80% in crude fibers to 9.60% in retted fibers and finally to 7.20% in bleached fibers. This reduction can be attributed to the elimination of amorphous constituents such as hemicellulose and pectin during alkaline treatment and bleaching. These components are highly hydrophilic and tend to retain water molecules within the fiber structure. Their removal therefore reduces the ability of the fibers to absorb water. Lower moisture content is advantageous for oil sorbent materials because it enhances hydrophobic behavior and minimizes the competitive absorption of water during oil spill remediation. Consequently, fibers with lower moisture content tend to exhibit stronger affinity for hydrocarbons, which contributes to improved oil sorption efficiency [14].
Similarly, the density and specific gravity of the fibers decreased after chemical treatment. The density reduced from 1.41 g/cm³ in crude fibers to 1.26 g/cm³ in bleached fibers, while specific gravity decreased from 1.39 to 1.24. This reduction in density may be attributed to the removal of heavy non-cellulosic components and the creation of microvoids within the fiber structure during alkaline treatment and bleaching. The formation of these pores increases fiber porosity and internal surface area, both of which are essential properties for efficient sorbent materials. Porous structures provide more adsorption sites and allow oil to penetrate into the fiber matrix, thereby enhancing the overall oil uptake capacity [15].
Another important property that improved significantly after chemical treatment was swelling ability. The swelling capacity increased from 46.20% in crude fibers to 58.70% in retted fibers and reached 71.40% in bleached fibers. This improvement is largely attributed to the increased exposure of cellulose chains and hydroxyl functional groups after the removal of hemicellulose and lignin. The exposure of these functional groups allows the fibers to expand and create additional void spaces when exposed to liquids, facilitating the entrapment of oil molecules within the fiber matrix. The enhanced swelling ability observed in bleached fibers therefore contributed to their superior oil sorption performance in the adsorption experiments [16]’
The characteristics of the crude oil used in this study also influenced the sorption process. The oil had a density and specific gravity of 0.882 g/cm³ and an API gravity of 28.5°, which classifies it as medium crude oil. Medium crude oils possess moderate viscosity and flow characteristics, allowing them to spread on the water surface while still being sufficiently viscous to be absorbed by porous sorbent materials. Oils with moderate viscosity typically interact more effectively with fibrous sorbents because they can easily penetrate the pores of the sorbent while still adhering to the fiber surface through capillary action and hydrophobic interactions. This property likely contributed to the effective oil sorption observed for the Piliostigma reticulatum fibers [17].
The results of the sorption experiments revealed that sorption capacity decreased with increasing sorbent weight for all fiber types. For example, bleached fibers exhibited the highest sorption capacity of 7.80 g/g at a sorbent weight of 0.10 g, which gradually decreased to 5.90 g/g at 0.60 g. This inverse relationship between sorbent dosage and sorption capacity per unit mass is commonly observed in adsorption studies. At higher sorbent dosages, particles tend to aggregate or overlap, leading to reduced effective surface area and blockage of adsorption sites. As a result, the amount of oil absorbed per gram of sorbent decreases. Despite this trend, bleached fibers consistently demonstrated higher sorption capacity than both retted and crude fibers across all sorbent weights. This confirms that chemical modification significantly enhances the oil sorption performance of the fibers by improving their structural and surface properties [13].
Contact time also had a significant effect on oil sorption behavior. The sorption capacity increased rapidly during the initial stages of contact, particularly within the first 30 minutes. For instance, the sorption capacity of bleached fibers increased from 5.10 g/g at 10 minutes to 7.80 g/g at 30 minutes. Beyond this point, the sorption capacity remained relatively constant, indicating that equilibrium had been reached. The rapid initial adsorption phase can be attributed to the availability of a large number of vacant adsorption sites on the fiber surface and within the pores. As oil molecules quickly occupy these sites, the rate of adsorption slows down until a dynamic equilibrium is established between the oil molecules attached to the sorbent and those remaining in the medium. The attainment of equilibrium within a relatively short time demonstrates the rapid adsorption kinetics of Piliostigma reticulatum fibers, which is a desirable characteristic for emergency oil spill response operations where quick removal of oil contaminants is required [16].
The effect of initial oil concentration on sorption capacity was also significant. As the oil concentration increased from 5 g/100 mL to 20 g/100 mL, the sorption capacity of all fiber types increased correspondingly. For example, bleached fibers exhibited sorption capacities of 6.20 g/g, 7.80 g/g, 8.60 g/g, and 9.40 g/g at oil concentrations of 5, 10, 15, and 20 g/100 mL, respectively. This increase in sorption capacity can be explained by the higher driving force for mass transfer at higher oil concentrations. When more oil molecules are present in the system, the probability of interaction between oil molecules and sorbent surfaces increases, resulting in greater adsorption.
In addition, the sorption capacity observed in oil-only medium was significantly higher than that observed in the oil–water system [18]. Bleached fibers exhibited a maximum sorption capacity of 11.60 g/g in oil-only medium, compared to 9.40 g/g in water medium. This difference is mainly due to the absence of water competition for adsorption sites in the oil-only environment. In the oil–water mixture, water molecules may partially occupy the pores or surface of the fibers, thereby limiting the number of available sites for oil adsorption. In contrast, when water is absent, oil molecules can freely occupy the pores and adhere to the fiber surfaces, resulting in higher sorption capacity [19].
A comparative evaluation of the fibers revealed that bleached fibers exhibited the highest oil sorption efficiency of 81.00%, followed by retted fibers with 61.20% and crude fibers with 47.40%. The improved efficiency of bleached fibers can be attributed to their lower moisture content, higher swelling capacity, reduced diameter, and greater surface area, all of which contribute to enhanced oil uptake. These findings demonstrate that chemical modification, particularly bleaching following alkaline retting, significantly improves the sorption performance of Piliostigma reticulatum fibers [20].
Generally, the results obtained in this study indicate that the structural modification of Piliostigma reticulatum fibers through alkaline retting and bleaching greatly enhances their suitability as natural sorbents for crude oil spill remediation. The improved porosity, reduced density, increased swelling capacity, and enhanced hydrophobic properties of the treated fibers collectively contributed to their superior oil sorption performance.
Conclusion
This study successfully demonstrated the extraction and modification of fibers from Piliostigma reticulatum and evaluated their potential application as natural sorbents for crude oil spill remediation. Chemical treatment through alkaline retting and bleaching significantly improved the physical characteristics and physicochemical properties of the fibers, leading to enhanced oil sorption performance.
Among the three fiber types investigated, bleached fibers exhibited the most favorable properties, including the lowest moisture content, highest swelling ability, smallest fiber diameter, and greatest oil sorption capacity. The maximum oil sorption capacity recorded was 9.40 g/g in oil–water medium and 11.60 g/g in oil-only medium. Sorption performance was influenced by several operational parameters, including sorbent weight, contact time, oil concentration, and medium. Optimal sorption conditions were achieved at lower sorbent dosage, a contact time of approximately 30 minutes, and higher oil concentrations.
The findings of this study demonstrate that Piliostigma reticulatum fibers represent a promising, low-cost, biodegradable, and environmentally sustainable alternative to synthetic sorbents for crude oil spill remediation. The abundant availability of this plant species in many parts of Africa further supports its potential application in large-scale environmental cleanup operations, particularly in oil-impacted regions such as the Niger Delta.
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Crude Fiber (g/g)	10	20	30	40	50	60	2.6	3.5	4.2	4.3	4.3	4.3	Retted Fiber (g/g)	10	20	30	40	50	60	3.8	4.9000000000000004	5.6	5.7	5.7	5.7	Bleached Fiber (g/g)	10	20	30	40	50	60	5.0999999999999996	6.9	7.8	7.9	7.9	7.9	



Crude Fiber (g/g)	5	10	15	20	3.1	4.2	4.9000000000000004	5.5	Retted Fiber (g/g)	5	10	15	20	4.3	5.6	6.4	7.1	Bleached Fiber (g/g)	5	10	15	20	6.2	7.8	8.6	9.4	



Crude fiber	Retted fiber	Bleached fiber	6.8	8.9	11.6	


Maximum Sorption Capacity (g/g)	Crude fiber	Retted fiber	Bleached fiber	5.5	7.1	9.4	Relative Efficiency (%)	Crude fiber	Retted fiber	Bleached fiber	47.4	61.2	81	



Mean Fiber Length (cm)	Crude fiber	Retted fiber	Bleached fiber	8.4	9.1	9.6	Mean Diameter (mm)	Crude fiber	Retted fiber	Bleached fiber	0.42	0.36	0.31	
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