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Assessment of the polyethene degradation efficacy of autochthonous microbes from a refuse dump in Port Harcourt, Rivers State, Nigeria

Abstract
Plastic waste has accumulated significantly in the environment as a result of urbanisation and industrialisation. Due to their wide range of uses, plastics are present in many facets of our lives. This study was aimed at assessing the polyethene degradation potency of bacteria and fungi from a refuse dump in Amadi-Ama, Portharcourt Rivers State, Nigeria. The microorganisms were isolated from plastic polyethene wastes deposited in the soil of a refuse dump in Amadi-Ama, Port Harcourt, Rivers State. Experiments were conducted under laboratory conditions to degrade virgin polyethene. The degradation pattern of the polyethene by ethylene-utilising bacteria and fungi in soil and mineral salt medium from the study area followed the same pattern as that of the standard control. The Brucine method was used for nitrate concentration determination in the sample. The APHA 3111 B method was used for the determination of Potassium, Sodium, Magnesium and Calcium concentrations. Results for fungal count were determined after 48 hours of incubation. The mean polyethene weight at the 1st and 35th days in the soil from the study area was 14.204 ± 0.00 and 10.033 ± 0.09 after being acted upon by the ethylene-utilising bacteria, while it was 14.204 ± 0.00 and 8.580 ± 0.32 after being acted upon by the ethylene-utilising fungi. The mean polyethene weight at the 1st and 35th days in the mineral salt medium from the study area was 37.319 ± 0.86 and 34.467 ± 1.04, respectively, after being acted upon by the ethylene-utilising bacteria, while it was 37.470 ± 1.05 and 28.184 ± 0.25 after being acted upon by the ethylene-utilising fungi. The mean polyethene weight at the 1st and 35th days in the standard control was 137.326 ± 0.00 and 119.85 ± 1.43 after being acted upon by the ethylene-utilising bacteria, while it was 137.326 ± 0.00 and 106.416 ± 4.00 after being acted upon by the ethylene-utilising fungi. The percentage change in the degradation pattern of the polyethene by ethylene-utilising bacteria and fungi in soil and mineral salt medium from the study area followed the same pattern as that of the standard control. In conclusion, bacteria and fungi species degraded the polyethene from the refuse dump in Amadi-Ama, Portharcourt Rivers State, Nigeria. The polythene degradation capability of the bacteria was higher than that of the fungi in the refuse dump. The microorganisms can be enhanced in further bioengineering studies to boost their degradation efficacy, which will serve as a viable polyethene pollution control option.
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INTRODUCTION
Plastics are an integral component of our modern lives due to their wide range of applications in households and industry. Worldwide plastic production is estimated at around 1.1 billion tons of plastic in 2050 (Damayanti et al., 2022). Plastic waste has also accumulated significantly in the environment as a result of urbanisation, and industrialisation. Due to their wide range of uses, plastics are present in many facets of our lives. Plastics are high molecular weight, long hydrocarbon chain polymers that are primarily made from petrochemicals that are then further synthesised to create long-chain polymers [1]. Notwithstanding their benefits, these plastics are still non-biodegradable, and their widespread use generates a massive amount of waste that is challenging to eliminate from the environment. Because it is environmentally friendly, a biodegradation approach to the growing amount of plastic waste in the environment is beginning to emerge as a necessary remedy. Recycling, landfilling, and incineration are the three primary methods used to treat plastic waste; each has disadvantages of its own, including high costs, lengthy decomposition times, and the release of harmful gases into the atmosphere [1,2]. However, microbial degradation is an inexpensive and environmentally responsible way to get rid of plastic waste.
The two types of plastics are thermosets and thermoplastics. While thermosets cannot be reshaped when heated, thermoplastics can be melted and reshaped [3]. We utilise a variety of traditional plastic types for various purposes in our daily lives. Polyvinyl chloride, polyethene terephthalate, polypropylene, polystyrene, and polyurethane are among them. With over 25 million tons produced annually, polyethene is thought to be the most polluting of these. Due to its desirable qualities, which include great flexibility, good impact resistance, lightweight design, and resistance to chemicals and corrosion, polyethene is in high demand in the market and is utilised in a wide range of applications [4].
The present world is now facing the challenge of proper management and resource recovery of the enormous amount of plastic waste. Lack of technical skills for managing hazardous waste, insufficient infrastructure development for recycling and recovery, and above all, lack of awareness of the rules and regulations are the key factors behind this massive pile of plastic waste (Kibria et al., 2023; Pilapitiya & Ratnayake, 2024). The improper disposal of plastic waste has caused a significant environmental problem, as the rise in plastic production and waste accumulation releases a high amount of gaseous substances that are hazardous to human health and the environment into the air. These substances include hydrogen cyanide, carbon monoxide, dioxins, and nitrogen oxides [5]. Additionally, these plastic materials are persistent in the environment, moving from lower to higher trophic levels and becoming part of the food chain [6].
Plastic waste has been broken down by a number of microorganisms, but Arthrobacter sp., Aspergillus sp., and Pseudomonas sp. are thought to be more efficient [4]. According to Takei et al. [7], Rhodococcus sp. TMP2 and Rhodococcus erythropolis NRRL B-16531 are known to degrade PE. Additionally, research indicates that microbial species used for PE degradation include Phormidium lucidum [8], Serratia marcescins [9], and Bacillus sp. YP1 [10], Achromobacter xylosoxidans [11], Phormidium borkumensis [12], and Zalerion maritimum [8]. The primary method by which microbes break down plastics is through the use of their enzymes. The generated enzymes adhere to the plastic material and break it down into its monomers without generating an environmentally hazardous substrate, making it eco-friendly [13]. Genes are responsible for encoding each of these degradable enzymes. The P. aeruginosa alk B gene is one of the genes that breaks down polyethene [14]. 
The production of plastic is growing exponentially, and a recent study indicated that managing plastic waste has grown to be a significant environmental issue. Both liquid and solid plastic waste products are being disposed of in aquatic and soil environments [13]. The decomposition of these plastic wastes takes a long time, and they end up in landfills. Toxic substances from the plastic mix with soil and water, and eventually they accumulate in living things and undergo bio-magnification [6]. Every year, tons of plastic debris are discarded into the ocean, killing fish, birds, sea turtles, and marine mammals. Reducing the production of plastic and increasing its removal from the environment requires serious action. Given these factors, the recent study that sought to identify a safe, effective, and environmentally responsible process for plastic degradation is crucial.
This study assessed the capability of bacteria and fungi to degrade plastic waste from the environment. The screening of microbial consortia from highly polluted areas has a great application towards the degradation of plastics.
 MATERIALS AND METHODS
Study Area
The study was carried out on a waste dump site in the Port Harcourt area of the Niger Delta region. Bulked surface and sub-surface soil samples were collected from the study area in Amadi-Ama, Port Harcourt, Rivers State, at three different points. The points included: 4° 48' 54.991"N, 7° 4' 17.608"E; 4° 48' 55.003"N, 7° 4' 17.577"E and 4° 48' 55.033"N, 7° 4' 17.576"E. Samples of waste polyethylene were collected from the same points and transported to the Laboratory for analytical purposes. Geographical co-ordinates were obtained from the points of sample collection and interpreted using an ArcGIS tool. Maps were produced using Google Earth Pro software 12.
Baseline Biophysical Properties of Soil Samples
Surface and sub-surface soil samples collected from the study locations were transported aseptically in pre-sterilised containers and an ice chest to BGI Laboratories Ltd in Port Harcourt, Rivers State. In situ analyses were carried out on site for parameters with short holding times, while analyses for other parameters were carried out in the laboratory. 
pH and Electrical conductivity were determined in situ using a Hanna multi-parameter meter water checker [15]. The ascorbic acid reduction method was adopted in determining the phosphate concentration [16]. The turbidimetric method was used for the determination of sulfate concentrations [16]. The Brucine method was used for nitrate concentration determination in the sample [16]. The APHA 3111 B method was used for the determination of Potassium, Sodium, Magnesium and Calcium concentrations [16].
Enumeration of Total Fungi and Heterotrophic Bacteria
Twenty-eight grams of nutrient agar was dissolved, pre-heated and then sterilised using the autoclave operated at 121°C and 15 psi for 15 minutes. Nystatin 65g was added prior to cooling and solidification of the media to inhibit the proliferation of fungi and to allow the growth of bacterial isolates. The samples were vortexed in a pre-sterilised normal saline.  Colonies in the range of 30 to 300 were counted using a Quebec-type colony counter, and results lower than the benchmark were repeated for accuracy. Fungal counts were determined by plating 0.1ml of the diluted samples on Sabouraud dextrose agar fortified with 0.1% lactic acid. Results for fungal count were determined after 48 hours of incubation [17].
Enumeration of Polyethylene-Utilizing Bacteria and Polyethylene Utilizing Fungi
Bushnell-Haas medium was prepared by dissolving 3.2g/L, fortified with 15 grams of agar. The medium was preheated and allowed to cool. About 1.0% cyclohexamide was introduced into the media to inhibit fungal contaminants, while the prepared medium was autoclaved alongside other materials. Polyethene hydroxide standard was incorporated into the media to give a 1% v/v ratio. The plates were incubated at 37oC for 48 hours. Fungal numbers were determined by inhibiting bacterial contaminants using 1.0µg/ml chloramphenicol. A 0.1ml volume of sample supernatant in peptone water was spread on the solidified Bushnell Haas medium, and counts were taken after 48 hours incubation using a dark field Quebec type colony counter [18].
Monitoring of Polyethene Bioremediation 
Experimental plots were designed using glass troughs in two different modules. In one module, known masses of polyethene samples were submerged in a 500ml volume of minimal salt broth, followed by inoculation of 5ml volume of each isolate. The dry weights of these polyethene samples were measured at 7-day intervals to determine weight loss. In the second module, a 500g mass of soil was mixed with 0.5ml volume of 2000ppm polyethene Accu standard and vortexed to mix. Different isolates were thereafter inoculated into each of the setups, and their concentrations determined at 7-day intervals using infrared spectroscopy [19].
Determination of Polyethene Concentration
Residual polyethene contents were extracted from the samples and quantified using infrared spectroscopy. Five (5) grams of each soil sample was weighed into a beaker, and a 25ml volume of mixed solvent (diethyl ether and tetrachloroethylene) was added under a cork cover for 30 minutes. The extracts were concentrated to 5ml with the aid of a rotary evaporator. This volume was used to determine the polyethene concentration in the soil sample following standard calibrations. 
Percentage degradation (%) =     x 100
Where Cpolyethylene control is the concentration of polyethene in the control setup, polyethene treatment is the polyethene concentration of the treatment [19]. 
RESULTS
Baseline Biophysical Properties of Soil Samples from the Dumpsite
Table 1 shows the baseline biophysical properties of soil samples from the dump site. The range of the pH and electrical conductivity of the soil samples from the study area was 5.86 ± 0.02 – 5.93 ± 0.01 and 220.00±0.10 µScm-1 – 284.00±0.09 µScm-1, respectively. The highest concentrations of nitrate ion, phosphate ion, sulphate ion, calcium, sodium and magnesium in the soil samples from the dump site were 3.25±0.07, 0.51±0.06, 15.10±0.14, 0.33±0.05, 0.12±0.01 and 1.83±0.02 mg kg-1, respectively, while their lowest concentrations were 3.12±0.05, 0.48±0.07, 12.44±0.09, 0.21±0.04, 0.09±0.03, and 1.51±0.01 mg kg-1 respectively. The highest number of microbial cells for Total Heterotrophic Bacteria, Total Fungi, Ethylene-utilising Bacteria and Ethylene-utilising Fungi in the soil samples from the study area were 3.80±0.04 x 105 cfu/g, 2.91±0.03 x 105 cfu/g, 9.30±0.07 x 105 cfu/g and 1.66±0.03 x 105 cfu/g, respectively.
Table 1. Baseline biophysical properties of soil samples from the dump site
	Parameter
	Units
	Point A
	Point B
	Point C
	WHO acceptable limit

	pH
	 
	5.91 ± 0.01a
	5.86 ± 0.02b
	5.93 ± 0.01c
	-

	Electrical Conductivity
	µS/cm
	246.00 ± 0.12a
	220.00 ± 0.10b
	284.00 ± 0.09c
	-

	Nitrate
	mg/kg
	3.12 ± 0.05a
	3.25 ± 0.07a
	3.19 ± 0.03a
	-

	Phosphate
	mg/kg
	0.48 ± 0.07a
	0.51 ± 0.06a
	0.49 ± 0.02a
	-

	Sulphate
	mg/kg
	14.28 ± 0.11a
	12.44 ± 0.09b
	15.10 ± 0.14c
	-

	Potassium
	mg/kg
	0.99  ± 0.08a
	0.84 ± 0.03b
	1.08 ± 0.01a
	≤100

	Calcium
	mg/kg
	0.23  ± 0.04ab
	0.21 ± 0.04a
	0.33 ± 0.05b
	≤100

	Sodium
	mg/kg
	0.10 ± 0.01a
	0.09 ± 0.03a
	0.12 ± 0.01a
	≤100

	Magnesium
	mg/kg
	1.51 ± 0.01a
	1.51 ± 0.03a
	1.83 ± 0.02b
	≤100

	Total Heterotrophic Bacteria
	x 106 cfu/g
	3.40 ± 0.05a
	1.96 ± 0.02b
	3.80 ± 0.04c
	-

	Total Fungi
	x 105 cfu/g
	2.80 ± 0.02a
	2.91 ± 0.03b
	2.72 ± 0.01c
	-

	Ethylene-utilizing Bacteria
	x 104 cfu/g
	1.10 ± 0.01a
	1.30 ± 0.07b
	1.31 ± 0.02c
	-

	Ethylene-utilizing Fungi
	 x 104 cfu/g
	1.56 ± 0.03a
	1.66 ± 0.03b
	1.40 ± 0.02c
	-



Values are mean ± standard deviation of triplicate analysis. Values with different alphabet letters per row are statistically significant (p<0.05).
Monitoring Degradation of Polyethene 
Tables 2, 3 and 4 show the weight loss of polyethene in soil and mineral salt medium from the study area and the standard control, respectively. The degradation pattern of the polyethene by ethylene-utilising bacteria and ethylene-utilising fungi in soil and mineral salt medium from the study area followed the same pattern as that of the standard control. The mean polyethene weight at the 1st and 35th days in the soil from the study area was 14.204 ± 0.00 and 10.033 ± 0.09 after being acted upon by the ethylene-utilising bacteria, while it was 14.204 ± 0.00 and 8.580 ± 0.32 after being acted upon by the ethylene-utilising fungi. The mean polyethene weight at the 1st and 35th days in the mineral salt medium from the study area was 37.319 ± 0.86 and 34.467 ± 1.04 after being acted upon by the ethylene-utilising bacteria, while it was 37.470 ± 1.05 and 28.184 ± 0.25 after being acted upon by the ethylene-utilising fungi. The mean polyethene weight at the 1st and 35th days in the standard control was 137.326 ± 0.00 and 119.85 ± 1.43 after being acted upon by the ethylene-utilising bacteria, while it was 137.326 ± 0.00 and 106.416 ± 4.00 after being acted upon by the ethylene-utilising fungi.
Table 2. Monitoring Degradation of Polyethene in Soil from the study area (mg/kg)
		
	Day 1
	Day 7
	Day 14
	Day 21
	Day 28
	Day 35

	Ethylene Utilising Bacteria (EUB)

	EUB1
	14.204
	13.715
	12.128
	11.822
	11.124
	10.069

	EUB2
	14.204
	13.847
	12.668
	11.507
	10.938
	9.915

	EUB3
	14.204
	13.835
	12.706
	11.834
	10.936
	10.116

	Mean±SD
	14.204±0.00
	13.799±0.06
	12.501±0.26
	11.721±0.15
	10.100±0.09
	10.033±0.09

	Ethylene Utilising Fungi (EUF)

	EUF1
	14.204
	13.526
	12.877
	10.876
	10.014
	8.896

	EUF2
	14.204
	13.157
	12.413
	10.711
	9.982
	8.264

	Mean±SD
	14.204±0.00
	13.342±0.18
	12.645±0.23
	10.794±0.08
	9.998±0.02
	8.580±0.32


EUB: Ethylene Utilizing Bacteria; EUF: Ethylene Utilizing Bacteria









Table 3.  Monitoring Polyethene Weight loss (g) in Mineral salt medium from the study area (mg/kg)
	
	Day 1
	Day 7
	Day 14
	Day 21
	Day 28
	Day 35

	Ethylene Utilising Bacteria (EUB)

	EUB1
	36.128
	35.334
	34.876
	34.211
	33.743
	33.026

	EUB2
	38.130
	37.743
	37.028
	36.622
	36.187
	35.440

	EUB3
	37.700
	37.121
	36.596
	36.113
	35.482
	34.936

	Mean±SD
	37.319±0.86
	36.733±1.02
	36.167±0.93
	35.649±1.04
	35.137±1.03
	34.467±1.04

	Ethylene Utilising Fungi (EUF)

	EUF1
	36.422
	35.846
	34.173
	32.744
	30.813
	27.934

	EUF2
	38.518
	36.933
	35.117
	33.828
	31.224
	28.434

	Mean±SD
	37.470±1.05
	36.390±0.54
	34.645±0.47
	33.286±0.54
	31.019±0.21
	28.184±0.25


EUB: Ethylene Utilizing Bacteria; EUF: Ethylene Utilizing Fungi

Table 4. Monitoring Degradation of ethylene in Soil (mg/kg) (Standard control)
	
	Day 1
	Day 7
	Day 14
	Day 21
	Day 28
	Day 35

	Ethylene Utilising Bacteria (EUB)

	EUB1
	137.326
	133.711
	131.047
	125.238
	123.171
	120.034

	EUB2
	137.326
	135.228
	132.276
	127.348
	122.433
	118.014

	EUB3
	137.326
	134.506
	133.183
	130.025
	127.117
	121.502

	Mean±SD
	137.326±0.00
	134.480±0.62
	132.170±0.88
	127.540±1.96
	124.240±2.06
	119.850±1.43

	Ethylene Utilising Fungi (EUF)

	EUF1
	137.326
	135.814
	131.242
	122.404
	116.253
	102.420

	EUF2
	137.326
	135.685
	130.247
	123.241
	118.123
	110.411

	Mean±SD
	137.326±0.00
	135.750±0.06
	130.745±0.50
	122.823±0.42
	117.188±0.94
	106.416±4.00


EUB: Ethylene Utilizing Bacteria; EUF: Ethylene Utilizing Fungi

Percentage change in Polyethene Degradation
Figure 1 shows the percentage change in polyethene degradation in the soil of the study area. The highest percentage polyethene degradation at the 7th, 14th, 21st, 28th and 35th days was seen to be associated with only the ethylene-utilising bacteria.


Figure 1. Percentage change in Soil Polyethene Degradation from the study area. EUB: Ethylene Utilizing Bacteria; EUF: Ethylene Utilizing Fungi
Percentage change in Polyethene weight loss (g) in mineral salt medium
Figure 2 shows the percentage change in polyethene weight loss (g) in the mineral salt medium of the study area. The highest percentage polyethene weight loss (g) in mineral salt medium at the 7th, 14th, 21st, 28th and 35th days was seen to be associated with only the ethylene-utilising bacteria.

Figure 2. Percentage change in Polyethene weight loss (g) in mineral salt medium from the study area. EUB: Ethylene Utilizing Bacteria; EUF: Ethylene Utilizing Fungi
4.7 Percentage change in Soil Polyethene Degradation (Standard control)
Figure 3 shows the percentage change in soil polyethene degradation (standard control). The highest percentage of soil polyethene degradation of the standard control at the 7th, 14th, 21st, 28th and 35th days was seen to be associated with only the ethylene-utilising bacteria.




Figure 3. Percentage change in Soil Polyethene Degradation (Standard control). EUB: Ethylene Utilizing Bacteria; EUF: Ethylene Utilizing Fungi
DISCUSSION
The level of certain biophysical parameters of the soil, such as NO3- PO43-, SO42-, K, Ca, Na and Mg, which indicate the level of soil fertility for agricultural production, correlates with the level of microbial activity in such areas [20].  Soil pH is considered a master variable in soils as it controls many chemical processes that take place. It specifically affects plant nutrient availability by controlling the chemical forms of the nutrient. The optimum soil pH range for most plants is between 6 and 7 [21]. However, many plants have adapted to thrive at pH values outside this range. The pH range of the soil from the refuse dump of the study area was almost moderate and slightly different from the reported optimum soil pH value for most plants (6 - 7) by Chakraborty [21] (Table 1).  Usually, the electrical conductivity (EC) of a soil extract is used to estimate the level of soluble salts [22]. The levels of EC, nitrate, phosphate, sulphate, potassium, calcium, sodium, and magnesium in the soil sample were low compared to their levels in the soil of Sharkia and South Sinai governorates in Egypt as reported by Ibrahiem et al. [23]. The relatively low levels of NO3- PO43-, SO42-, K, Ca, Na and Mg in the studied dumpsite soils are an indication of low nutrient availability and soil microbial activities, thus the soil will not be good for nurturing, farming and management of agricultural plants [24]. This confirms why farmers consciously do not choose to farm on the studied dumpsite soil. The findings of this study with regard to the levels of K, Ca, Na and Mg in the dumpsite soil do not conform with the findings by Akintola et al. [25] in which high levels of K, Ca, Na and Mg were reported in the soil of an active dumpsite in Ibadan, Southwestern Nigeria. However, the levels of K, Ca, Na and Mg in the soil of the study area were within the WHO acceptable limit of ≤100 mg/kg for soil.
Soil is a complex and diverse habitat with extensive microbial communities and composition, thus providing highly versatile metabolic biosynthesis and a source of diverse secondary metabolites. Biodegradation of polyethene is a promising, eco-friendly method whereby plastic material waste is managed with minimum adverse effects on the environment.  Weight loss is the most frequently used index to expound the degradation rate with different treatments [26].
[bookmark: bbib11][bookmark: bbib37][bookmark: bbib7]Fungal mean weight reductions were generally higher than those of bacteria in this study (Tables 2, 3, 4; Figures 1, 2, 3).  Screening results show that dump sites are a good source of polyethene-degrading organisms. The biodegradation assay in this study was also detected by the weight loss of the polyethene films. The weight loss in polyethene film was the action of microorganisms on the surface of the polyethene film. When the organisms utilise polyethene as a carbon source by breaking down the carbon backbone due to extracellular enzymes, a reduction in its weight is caused. This reduction in the weight of the polyethene piece indicates that the organism has utilised it. Kyaw et al. [27] conducted a 120-day degradation assay, and the percentage of weight reduction was 20% in P. aeruginosa (PAO1), 11% in P. aeruginosa (ATCC) strain, 9% in P. putida, and 11.3% in P.syringae strain. Another low-density polyethene degradation study was conducted by Biki et al. [28], and the results demonstrated that Ralstonia sp. strain SKM2 and Bacillus sp. strains were capable of 39.2% and 18.9% degradation, respectively, in 180 days. Similarly, Sangeetha et al. [29] also stated that Bacillus and Pseudomonas spp. are highly efficient in degrading polyethene. Balasubramanian et al. [30] demonstrated that Bacillus sp., isolated from plastic waste dumpsites, could utilise high-density polyethene as the sole carbon source. Low-density polyethene degradation by Aspergillus sp and Bacillus sp was recorded by Esmaeili et al. [31].  Use of weight reduction as a measure of the extent of polyethene biodegradation has been widely accepted and used by many authors [32-34]. The outcomes of this study are in agreement with Pramilla and Vijaya [35], who reported the ability of microorganisms to degrade virgin polyethene.

CONCLUSION
Bacteria and fungi species degraded the polyethene from the refuse dump in Amadi-Ama, Portharcourt Rivers State, Nigeria. It was also discovered that the polyethene degradation capability of the fungi was higher than that of the bacteria in the refuse dump. These microorganisms can be enhanced in further bioengineering studies to boost their degradation efficacy, which will serve as a viable polyethene pollution control option. 
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