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ARTICLE INFO ABSTRACT

Keywords: Microplastics are ubiquitous and a threat to global ecosystems causing serious environmental crisis. This study
Abundance investigated the microbial assemblages associated with microplastics distributed in selected beaches in Lagos
Bacteria State, Nigeria. Sediment samples were aseptically collected, and bacterial species were isolated and identified.
B?aCh Sedin}ent Bacteria isolated from the sediment area were screened for microplastic utilization and those with potential to
‘;;’s:firgga“"“ degrade were selected for degradation studies. Degradation was quantified by weight loss (%). Surface mor-

phology and structural changes were analysed using Scanning Electron Microscope (SEM) and Fourier Transform
Infrared Spectroscopy (FTIR) respectively. A total of 1846 items/kg of microplastics were extracted from all four
beach sites. Fragments were the most prevalent (868 items/kg), and the least was pellets (221 items/kg). The
most frequently observed microplastic colour was white (495 items). The Pollution Load Index (PLI) values
ranged from 1.0 to 2.8. Bacteria isolated included Pseudomonas aeruginosa, Bacillus subtilis, Bacillus polymyxa,
Alcaligenes faecalis, Micrococcus luteus, Staphylococcus aureus, and Proteus vulgaris. For the 30-day degradation
studies, Treatment A demonstrated the highest % weight loss (28.0%) for PET, while Treatment B recorded a
weight loss of 20.0%. FTIR analysis confirmed biodegradation of PET and PP by both Treatments. SEM analysis
revealed a compromised polymer matrix in the degraded microplastics, characterized by increased surface
roughness, visible pits, cracks, and erosion patterns, all indicative of enzymatic or physical microbial activity.
The study showed the potential of bacteria consortia from beach sediments to breakdown PET and PP, offering
an environmentally friendly solution to address plastic contamination.

Weight loss

1. Introduction

Since the onset of industrialization in the 19th century, plastic
pollution has become a widespread environmental concern, with plastic
debris now reaching even the most remote parts of the planet [1,2].
Plastics are extensively used due to their durability, versatility, corro-
sion resistance, and affordability. However, these same properties
render them highly persistent and resistant to degradation in the en-
vironment [3].

A significant portion of plastic waste in aquatic systems exists as
microplastics (MPs), which are plastic particles less than 5mm in size
[4]. MPs may be intentionally manufactured (primary MPs) or result
from the breakdown of larger plastics (secondary MPs) through UV
exposure, mechanical forces, and microbial activity [5,6]. With plastic
waste emissions projected to double by 2030 [7], the environmental
threat posed by MPs is intensifying, especially in coastal and marine
ecosystems. This is because oceans act as the final sink for land-based
plastics, where fragmentation, persistence, high biological uptake, and
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pollutant adsorption cause microplastics to accumulate and exert long-
term ecological and toxicological effects on marine food webs (Cole
et al., 2011).

Microplastics account for up to 80% of marine debris and are
commonly derived from polymers such as polyethylene (PE), poly-
propylene (PP), polystyrene (PS), polyethylene terephthalate (PET),
and polyvinyl chloride (PVC) [8-10]. Among these, PET and PP are of
particular environmental relevance due to their extensive use in
packaging, textiles, and consumer products. PET is a thermoplastic
polyester composed of repeating units of ethylene glycol and ter-
ephthalic acid linked by ester bonds, forming a semi-crystalline aro-
matic polymer that is highly resistant to hydrolysis [11,12]. In contrast,
PP is a polyolefin consisting of a saturated hydrocarbon backbone with
methyl side groups, which confers high hydrophobicity, crystallinity,
and resistance to enzymatic attack [3,13].

An estimated 4.8-12.7 million metric tons of plastic enter the oceans
each year, with over five trillion plastic pieces currently floating in
marine waters [14,15]. Despite efforts to clean visible litter, micro-
plastics often remain in sandy beaches and sediments, making these
environments important sinks and long-term reservoirs for MPs.

Beyond their physical presence, microplastics pose various risks as they
can induce oxidative stress, inflammation, and cellular damage in aquatic
organisms; they contain harmful additives such as plasticizers and flame
retardants; and they act as vectors for pathogens, parasites, and persistent
organic pollutants (POPs) such as phthalate esters [16-19].

Of particular concern is the “plastisphere”, a term describing the
diverse microbial communities that colonize plastic surfaces in aquatic
environments [20,21]. These communities may include bacteria, dia-
toms, ciliates, fungi, and potential pathogens such as Vibrio spp. The
hydrophobic and roughened surfaces of plastics promote biofilm for-
mation, which influences plastic buoyancy, aging, and degradation
dynamics [22,23].

Recent studies have shown that certain plastisphere microorganisms
possess the ability to degrade synthetic polymers. PET-degrading mi-
croorganisms such as Ideonella sakaiensis, Thermobifida fusca, Bacillus
subtilis, Pseudomonas putida, and Rhodococcus ruber produce hydrolytic
enzymes including PETase, MHETase, cutinases, and esterases that
cleave the ester bonds of PET into mono-(2-hydroxyethyl) terephthalate
(MHET), terephthalic acid, and ethylene glycol [24-26].

In contrast, the biodegradation of PP is considerably more re-
calcitrant due to the absence of hydrolysable functional groups.
However, oxidative and co-metabolic degradation by bacteria such as
Bacillus, Pseudomonas, Rhodococcus, Streptomyces, and Aspergillus species
has been reported, involving enzymes such as alkane hydroxylases,
laccases, manganese peroxidases, and monooxygenases that introduce
carbonyl and hydroxyl groups, thereby initiating chain scission and
surface erosion [27-29].

In Lagos State, Nigeria, several beaches serve as both recreational
centres and ecological hotspots. Unfortunately, these areas face in-
creasing plastic pollution due to poor waste management and urban
runoff [30-32]. Despite existing global studies, there is a scarcity of
localized data on microplastic abundance and the associated microbial
communities in Nigerian coastal waters.

This study investigated the occurrence, abundance, and character-
istics of microplastics in beach sediments from four selected beaches:
Oniru, Alpha, Elegushi, and Eleko in Lagos State, Nigeria. The objec-
tives were to assess the ecological risks posed by microplastics in the
four study areas, to isolate bacterial assemblages associated with mi-
croplastics, and to evaluate their microplastic degradation potential.
The research further aimed to determine the spatial distribution of
microplastic pollution in the different beach sediments.

This study provides the first comprehensive characterization of
microbial assemblages associated with microplastics from beaches in
Lagos State, Nigeria, and demonstrates their ability to biodegrade
common microplastic polymers (PET and PP) under laboratory condi-
tions. Unlike most previous studies conducted in marine waters, this
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research focuses on coastal beach sediments in a tropical West African
environment, an area previously underexplored for plastisphere studies.
The combined use of culture-dependent methods, 16S rRNA gene se-
quencing, and advanced analytical tools (SEM and FTIR) to confirm
both microbial colonization and structural polymer degradation offers a
robust approach for linking microbial activity to plastic breakdown.
The discovery that indigenous bacterial consortia can significantly de-
grade PET and PP highlights their biotechnological potential for eco-
friendly bioremediation of plastic-contaminated coastal environments.

2. Materials and methods
2.1. Materials used in the study

The materials used for this study include:

Microplastics — Polypropylene (PP) and Polyethylene terephthalate
(PET) (0.25 g each, particle size as specified), Nutrient Agar (Oxoid or
equivalent- Ready Med RDM-NA-01), Bushnell Haas Medium (270 mL),
Sodium Chloride (NaCl) (analytical grade-Molychem P.Code:18260),
Hydrogen Peroxide (H,O,) (analytical grade- Central Drug House (p)
Ltd. India), Sodium Dodecyl Sulphate (SDS) (analytical grade).

All reagents were of analytical grade and prepared using sterile
distilled water unless otherwise stated.

2.2. Study area

This study was conducted in Lagos State, south-western Nigeria
(Fig. 1), the country’s smallest state by land area (~ 365,861 ha;
~ 75,755 ha water) yet its economic hub, hosting over 11% of Nigeria’s
population (~17 million) and renowned for its scenic coastal en-
vironments [33,34]. Samples were collected from four coastal beaches
Alpha (N6.4225, E3.5236), Elegushi (N6.2518, E3.4432), Oniru
(N6.4398, E3.4306) and Eleko (N6.4403, E3.8472) located within Eti-
Osa, Victoria Island and the Lekki Peninsula, representing major re-
creational and ecological beach settings along the Lagos coastline
[33-37].

Alpha Beach is a well-known public beach situated in Alpha Village
within the Eti-Osa Local Government Area of Lagos State and lies at
coordinates N6.4225, E3.5236 [38]. Bordered to the south by the
Atlantic Ocean, the beach is accessible via the Igbefon axis of the Ajah-
Epe Expressway. Positioned on the southern fringe of Victoria Island,
Alpha Beach is recognized as a significant recreational and ecological
destination in the region [33]. The Alpha Beach has a micro- to meso-
tidal regime with semidiurnal tides (~1 m range at Lagos), which are
typical of the Atlantic coast of Nigeria. There is steady wave action and
moderate longshore transport due to the predominantly southwest-
southwest winds. The wave heights typically range between 1 and 2m,
with more intense circumstances in the wet season [39]. The sediments
in Alpha Beach are medium sized (mean ~ 1.1 ®), indicating moderate
energy conditions for sand mobilization and sorting by waves and
currents. Medium sands indicate active reworking through backwash
and swash procedures. In terms of mineralogy, Lagos beach sands are
usually siliciclastic sediments dominated by quartz that originated in
the Dahomey Basin and were altered by coastal processes [40].

Elegushi Beach is a private beach located in the Lekki area of Eti-Osa
Local Government at coordinates N6.2518, E3.4432, the beach is
owned and managed by the Elegushi royal family. Known for its luxury
amenities, vibrant atmosphere, and stunning ocean views, Elegushi
Beach has become a popular destination for leisure and entertainment,
particularly among residents and tourists seeking an upscale coastal
experience [34,35]. The Elegushi, like other Lagos beaches, experiences
semidiurnal tidal changes and south-westerly winds, resulting in con-
stant wave action and the seasonal variation with higher waves in rainy
season, further contributing to dynamic swash zones [40]. Although
there is less detailed documentation on the granulometry of Elegushi,
Lagos barrier beaches are typically composed of medium to coarse
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Fig. 1. Location of the study area in the Map of Lagos showing sample locations.

sands that are sorted by wave energy and dominated by quartz and
other refractory minerals, with the presence of medium sand indicating
a moderate to high-energy depositional environment with active wave
sorting (Ogunleye et al., 2019).

Oniru Beach is a private beach located in Victoria Island. It is si-
tuated at coordinates N6.4398, E3.4306 [36]. The beach of Oniru ex-
periences the same semidiurnal tides and prevailing southwest winds as
Elegushi Beach, resulting in wave activity that reworks the coastline
sediments. Microplastic dispersion gradients shows how local hydro-
dynamics, such as wind-driven surface waves and alongshore currents,
affect deposition and erosion. While specific grain-size data for Oniru
Beach is not widely available, it is broadly similar to other Lagos bea-
ches with sand-dominated sediments. Sorting and grain size reflect
active wave processes typical of a moderate energy littoral zone. Mi-
neralogy is expected to be quartz-rich, typical of Atlantic barrier sands
[39].

Eleko Beach is a private beach located on the Lekki Peninsula, ap-
proximately 30 miles (about 48 kilometres) east of Lagos Island and 75
kilometres from the Lagos metropolis. Positioned at coordinates
N6.4403, E3.8472, Eleko Community Beach is a typical sand barrier-
lagoon coastal village [36]. The beach fronts the Atlantic Ocean and is
known for its serene environment, cleanliness, and exclusivity. Revered
as one of the most well-maintained beaches along the Lekki-Epe Ex-
pressway, Eleko Beach attracts numerous tourists seeking a quiet, or-
ganized, and scenic coastal experience [37].

Eleko Beach, experiences the same semi-diurnal tidal range and
south-westerly wave climate. When exposed to open Atlantic fetch, the
energetic conditions can be comparatively stronger, particularly during
periods of heavy wind and waves [39]. The sediments of Eleko Beach
are coarser (~0.56 @) than Alpha, indicating higher energy deposition

from stronger waves that deposit coarser sand. This demonstrates active
wave sorting and dynamic nearshore processes. Quartz and other hard
minerals dominate the composition of this beach, as they do on other
beaches in the region [40]. Fig. 1 shows the location of the study area
showing the sample locations.

2.3. Sample collection

As described by Auta et al. [41] with a few modifications, sediment
samples were collected at 0—4 cm depth from three different points
(Points A, B, and C) at low tides with a quadrat of 0.5m x 0.5 m placed
2m apart from high tide in undisturbed areas. The samples collected
were transported to the laboratory and stored at —20°C for further
analysis. All samples were collected in triplicates.

2.4. Extraction of microplastics

All sediment samples were weighed (2kg) and dried at 60 °C in an
oven for 48 h. The dried samples were sieved and 500 g of each sample
was weighed in a glass beaker and mixed with fully saturated 30% w/w
NaCl solution with density of 1.2 g/mL in a conical flask, stirred for
2min and kept undisturbed overnight for denser particles to settle
down [42] as shown in Fig. 2 below. The supernatant was mixed with
30% H»0, with Fe (II) solution Fenton’s reagent at 250 rpm and tem-
perature not exceeding 70 °C. This process was repeated until no or-
ganic matter was seen in the container [43]. The digested mixture was
then subjected to vacuum filtration and filtered through a nitrocellulose
membrane of pore size 0.45 pm [44]. The MP particles collected on the
membrane were dried for 24 h at ambient room temperature [45].
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Fig. 2. Microplastics floating in beaker during extraction process.
2.5. Identification and characterization of microplastics

Visible microplastics that floated were collected and also, those on
the membrane were visually sorted and counted. The dried membrane
was observed under a stereo zoom microscope to fetch a count of
smaller microplastics at 300X magnification. The colour, size, and
shape were visually estimated in order to categorise them based on
physical attributes. Microplastics in sediment samples were measured
as particles per kg dry sediment [46].

2.6. Microplastics risk assessment

The Pollution Load Index (PLI) is a standardised tool used to
monitor and compare pollution levels across different sampling sites. It
is used in environmental monitoring and pollution assessment
(Table 1). The parameters permit the visualization of the contribution
of microplastic pollution at each sampling point incorporates the Con-
tamination Factor (CF), calculated as the ratio of the microplastic
concentration (Ci) at a specific site to the background value (Coi),
which represents the lowest microplastic concentration recorded within
the study area. The PLI was calculated using the Eqs. (1) and (2)

G

Co (€Y

Containation Factor(CF) =

(2)

Where:
n = number of pollutants (Microplastics shapes) per location

2.7. Preparation of microplastics

Polypropylene and polyethylene terephthalate plastics were washed
thoroughly with distilled water to remove surface contaminants. The
plastics were then treated with 70% ethanol for 30 min for surface
sterilization and air-dried under sterile conditions. To remove organic
impurities, the microplastics were soaked in 30% hydrogen peroxide for
24 h at room temperature. After oxidation treatment, the particles were
rinsed multiple times with sterile distilled water and air-dried at 103 °C
for 48 h. To enhance surface hydrophilicity and promote microbial at-
tachment, the plastics were further treated with 2% sodium dodecyl
sulphate (SDS) for 2h, followed by repeated washing with sterile dis-
tilled water to remove residual surfactant. The treated plastics were
irradiated for 2 days under ultra violet rays and stored in sterile

Table 1
The Hazard Level Criteria for Microplastic Pollution.

Risk Category PLI CF Risk Category
I < 10 CF<1 Minor

I 10-20 1 <CF<3 Medium

I 20-30 3 <CF< 6 High

v > 30 CF> 6 Danger

Han et al., [47]
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containers until use. Each experimental flask received 0.25g of pre-
pared microplastic.

2.8. Bacteria isolation and identification

Bacteria were isolated from sediments and microplastics collected in
the study area. One gram of each sediment sample was mixed with 9 mL
of 0.9% normal saline to prepare a stock solution, followed by ten-fold
serial dilutions up to 10®, as described by Auta [48], and Rana and
Rana [49]. From appropriate dilutions, 0.1 mL was plated onto sterile
nutrient agar and spread evenly. Plates were incubated at 37°C for 24 h.
The colonies that developed were sub cultured to obtain pure colonies
and subjected to preliminary biochemical tests, and molecular con-
firmation using the 16 s rRNA sequencing technique.

2.8.1. Confirmation of isolated bacteria

Polymerase Chain Reaction (PCR) was done for the respective
samples after the isolation of genomic DNA. Universal primers 16S
rRNA (5’-AAACTC/ TAAAG/TGAATTGACGG-3’) and (5-ACGGGCGGG
TGTGTA/GC- 3’) was used. The PCR product was analysed on 1%
agarose gel and purified using gel extraction kit (Fermentas, USA). M13
forward and reverse primers were used to sequence the rRNA amplified
products in a Genetic Analyzer. The National Centre for Biotechnology
Information BLAST database was used to amplify nucleotide sequence.
These sequences were aligned with selected genera representative
members by using CLUSTAL W program [50].

2.8.2. Quantification of isolated bacteria DNA

After isolation and confirmation, the genomic DNA were quantified
at 260 nm using UV-1280 Spectrophotometer using water as blank.
Liquid media was inoculated with bacterial colonies and kept in shaker
at 37 °C for overnight. After 16 h, 1 mL culture from overnight media
was taken and put in 50 mL media flask. The flasks were then kept in a
shaker and readings were taken after every two hours [50].

2.9. Screening of isolates for biodegradation studies

Bacteria isolates were screened for their ability to degrade micro-
plastics. Each isolate was inoculated into Bushnell Haas (BH) medium
containing (per litre): 0.20 g MgSOy,, 0.02 g CaCl,, 1.0 g KH,PO,4, 1.0g
K,HPO,, 1.0g NH4NO3, and 0.05g FeCl;. The medium was supple-
mented with 0.4 g of microplastics and incubated at room temperature
for 4 weeks. Control sets (media + microplastic but without bacteria)
were maintained in parallel. All experiments were conducted in tripli-
cate ([41], 2018). Proteus sp., B. polymyxa, B. subtilis, A. faecalis and
Pseudomonas sp. recorded the highest growth and from the biode-
gradation screening were therefore selected for the biodegradation
studies.

2.10. Biodegradation studies

Isolated potential microplastic-degrading bacteria were cultured on
freshly prepared nutrient agar at 33 °C for 24 h. These were then in-
oculated into nutrient broth and incubated in a rotary shaker at 29 °C,
150 rpm, until reaching the stationary phase. Individual isolates and
Treatments (combination of selected strains) were prepared by pooling
equal volumes of the cultures at the same physiological stage to form
the inoculum for biodegradation experiments [48].

In the biodegradation experiment, 10% of the prepared bacterial
cultures were inoculated into 270 mL of Bushnell Haas (BH) medium
contained in Erlenmeyer flasks, each supplemented with 0.25g of
sterilized polypropylene (PP) and polyethylene terephthalate (PET)
microplastics as the sole carbon source. Uninoculated BH broth con-
taining microplastics was used as the control and maintained under
identical conditions. The flasks were incubated at 35 °C on a rotary
shaker at 150 rpm for 40 days. Optical density (OD), pH, and microbial



H.S. Auta, M.A. Murtadha, G. Aruwa et al.

Table 2
Physicochemical Properties of Beach Sediment.
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Parameters Oniru Beach Alpha Beach Eleko Beach Eleghusi Beach
Ph 9.01 = 0.01 9.01 = 0.06 9.09 = 0.01 9.08 = 0.02
Temperature (°C) 22.75 * 0.25 23.40 * 0.20 24.00 + 0.20 23.90 * 0.30
Nitrogen(mg/kg) 22.63 * 0.13 23.01 * 3.63 21.32 + 0.69 20.01 * 0.63
Moisture (%) 12.22 = 0.31 12.94 + 2.09 14.03 = 0.48 14.76 + 0.26
Salinity (ppt) 0.08 + 0.00 0.14 * 0.05 0.19 * 0.00 0.19 * 0.00
Organic matter (%) 1.78 + 0.03 1.39 + 0.68 1.32 = 0.24 0.90 * 0.19

Values are presented as mean * standard error of mean (SEM) of three replicates.

counts were measured at 10-day intervals throughout the incubation
period. All experiments were conducted in triplicate ([41], 2018).

2.11. Determination of dry weight of the residual microplastics

The percentage weight loss of microplastics was determined after 30
days of incubation on a rotary shaker at 150 rpm and 35 °C. After in-
cubation, the residual microplastics were recovered and treated with
2% (w/v) aqueous sodium dodecyl sulphate (SDS) to remove attached
microbial biofilms and residual medium components. The mixture was
incubated in a shaker at 120 rpm for 4 h. Subsequently, the samples
were rinsed thoroughly with distilled water, placed on filter paper, and
dried overnight at 60 °C. The dried residual microplastics were then
weighed, and the percentage weight loss was calculated using Eq. (3) as
described by Nademo et al. [51].

Initial Weight — Final Weight

Weight Loss(%) = - -
Initial Weight

X100

3

2.11.1. Determination of rate constant

As described by Auta [48], the data was processed to determine the
rate constant of microplastic reduction by using the first-order kinetic
model based on the initial and final weights along specific intervals (10
days) using Eq. (4).

Rate ConstantK

1 w
= - —(n—
("o )
where K is the first-order rate constant for microplastic uptake per day;
t is time in days; W is the weight of residual microplastics (g); and Wy is
the initial weight of PP microplastics (g).

The half-life, which is defined as the time it will take for the amount
of the microplastics to be reduced by half its initial size, was calculated
using Eq. (5) below;

In2

Half life (t2) = —

k (5)

2.12. Fourier transform infrared (FTIR) analysis

Structural changes on the surface of the residual microplastics were
analysed using a Fourier Transform Infrared (FT-IR) spectroscopy. The
FT-IR analysis was employed to detect alterations in functional groups,
indicating possible biodegradation of the polymer structure. Spectra
were recorded in the range of 450-4000 cm™ for all low-density poly-
ethylene (LDPE) samples [51].

2.13. Scanning Electron Microscopy (SEM)

The surface morphology of residual microplastics were analysed
using scanning electron microscopy (SEM) after the degradation study
to assess structural changes resulting from bacterial activity. Prior to
SEM analysis, the film was washed thoroughly with 2% (w/v) aqueous
sodium dodecyl sulphate (SDS) and rinsed repeatedly with distilled
water under gentle shaking to remove microbial residues. The cleaned
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film was then flushed with 70% ethanol to enhance surface exposure for
visualization. A piece of the air-dried film was mounted on a sample
holder, coated using a master coater, and examined under a high-re-
solution scanning electron microscope [51].

2.14. Statistical analysis

All experiments were carried out in triplicates and analyses of data
were performed using IBM SPSS software (version 23) with analysis of
variance. The value of p < 0.05 was considered statistically sig-
nificant.

3. Results and discussion

This study was conducted in Lagos State located in the south wes-
tern region of Nigeria. Although it is the smallest state by land mass,
covering approximately 365,861 ha of which 75,755 ha are water Lagos
is considered the economic and industrial hub of the country. it ac-
counts for over 11% of Nigeria’s total population with an estimated
population of 17 million. The state is renowned for its rich tourism
potential, particularly its coastal regions, which have been regarded as
some of the most scenic riverine areas in the country [33,34]. Samples
were collected from four beaches (Alpha, Elegushi, Oniru and Eleko
Beach) within Lagos State, in South-West Nigeria.

3.1. Physicochemical properties of beach Sediment

There was no significant difference in the physicochemical parameters
across the beach sediment (Table 2). The pH levels across all four beaches
were consistently alkaline, ranging from 9.01 + 0.01 at Oniru and Alpha
Beaches to slightly higher values of 9.09 + 0.01 at Eleko Beach and
9.08 + 0.02 at Eleghusi Beach. Temperature measurements showed some
variation between the beaches. Oniru Beach recorded the lowest sediment
temperature at 22.75 + 0.25 °C, while Eleko Beach had the highest at
24.00 = 0.20 °C. Nitrogen content in the sediment varied slightly among
the beaches. Alpha Beach had the highest average nitrogen concentration
at 23.01 = 3.63 mg/kg followed by Oniru Beach (22.63 * 0.13 mg/kg),
Eleko  Beach  (21.32 = 0.69mg/kg) and  Eleghusi  Beach
(20.01 = 0.63mg/kg). Moisture content in the beach sediment ranged
from 12.22 + 0.31% to 14.76 *= 0.26%. Salinity levels ranged from
0.08 + 0.00-0.19 = 0.00 ppt. Organic matter content in the sediment
was highest at Oniru Beach (1.78 + 0.03%), followed by Alpha Beach
(1.39 = 0.68%), Eleko Beach (1.32 + 0.24%) and Eleghusi Beach
(0.90 = 0.19%).

Physicochemical properties such as pH, temperature, moisture
content, salinity, nitrogen, and organic matter shaping beach ecosys-
tems, influencing microbial activity, and affecting the degradation of
pollutants like microplastics [52-55]. Across all four beaches, sedi-
ments were consistently alkaline. Alkaline conditions can promote mi-
crobial colonization, biofilm formation, and chemical breakdown of
microplastics [56]. Neutral to slightly alkaline pH is generally favour-
able for microbial diversity [57]. The observed alkalinity may result
from carbonate minerals, seawater intrusion, or anthropogenic input
[58-60].
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Fig. 3. Abundance and distribution of different types of microplastics across the sampled beach locations.

Sediment temperature showed minor variation among beaches,
potentially influenced by sun exposure, sampling time, and beach or-
ientation. Warmer temperatures tend to accelerate microbial metabo-
lism and chemical reactions [61,62]. Nitrogen levels varied slightly,
reflecting differences in nutrient input and microbial activity. Higher
nitrogen supports more active microbial communities, enhancing or-
ganic matter decomposition and microplastic degradation [63,64].
Moisture content also varied without significant differences among
beaches. Adequate moisture facilitates microbial growth, while ex-
tremely dry conditions hinder microbial activity [65]. Factors like se-
diment texture and tidal influence affect moisture levels. Salinity levels
were consistently low, typical of tidal beach environments where sea-
water flushing prevents salt accumulation [66]. This uniformity sug-
gests limited freshwater input and consistent marine influence [58,67].
Organic matter content varied, with higher levels at Oniru Beach, likely
due to anthropogenic activity or natural debris deposition. Organic
matter supports microbial life and can promote microplastic degrada-
tion [68,69].

3.2. Abundance and distribution of microplastics in beach sediments

A total of 1846 items/kg dry weight of microplastics were recovered
from sediment samples across the four sampling sites (Fig. 3.). The
microplastic abundance varied among the beaches, with Elegushi Beach
recording the highest count (632 items/kg), followed by Alpha Beach
(547 items/kg), Eleko Beach (377 items/kg), and Oniru Beach (290
items/kg). The higher microplastic load observed at Elegushi and Alpha
Beaches can be attributed to intense anthropogenic activities, including
tourism, coastal trading, and proximity to urban drainage discharges. In
contrast, Eleko and Oniru, which are less commercially active, ex-
hibited comparatively lower abundance. These spatial patterns align
with reports by Ilechukwu et al. [36] and Akindele et al. [70], who
found that microplastic concentrations along Nigerian beaches increase
with population density and waste generation intensity.

Among the microplastic types, fragments were the most abundant
(868 items/kg dry weight), followed by foams (480 items/kg), fibres
(277 items/kg), and pellets (221 items/kg). The dominance of frag-
ments suggests that secondary microplastics, derived from the weath-
ering and mechanical breakdown of larger plastic debris, are the major
contributors to beach microplastic loads. Similar findings have been
reported by Auta et al. [41] and Browne et al. [71] in tropical and
temperate coastal environments, respectively. The high occurrence of
foams is indicative of widespread use and poor disposal of expanded
polystyrene (EPS) materials, such as food trays and packaging products,
which are lightweight and easily transported by wind and water
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currents. The occurrence of fibres, although relatively lower, implies
input from synthetic textiles and fishing activities, consistent with ob-
servations by Naji et al. [72] and Hidalgo-Ruz et al. [73], who reported
similar fibre sources in coastal sediments Persian Gulf, Iran.

The colour distribution of the recovered microplastics (Fig. 4.) re-
vealed a predominance of white particles (495 items), followed by
brown (411), black (374), and blue (269). Less frequent colours in-
cluded yellow (136), green (85), and red (77). The dominance of white
and brown microplastics suggests extensive photodegradation and
oxidation of parent plastics, resulting in pigment fading and dis-
colouration over time [13]. This pattern mirrors the findings of Auta
et al. [41] who reported similar colour dominance in tropical marine
sediments, indicating prolonged exposure to sunlight and physical
abrasion in Malaysia. The prevalence of light-coloured particles also
increases their ingestion potential by marine organisms, as they are
often mistaken for natural food particles such as zooplankton [74].

The total microplastic abundance recorded in Lagos beaches (1846
items/kg dry weight) is considerably higher than values reported for
Moroccan Mediterranean beaches. Azaaouaj et al. [75] reported 40-230
items/kg along the eastern Moroccan Mediterranean coast, while Azaaouaj
et al. [76], found an average of approximately 59 items/kg on the
northwestern coast. Even the lowest Lagos site (290 items/kg) exceeds the
highest Moroccan values, indicating substantially greater microplastic
contamination, likely due to intense urbanization, tourism, and inadequate
waste management. Similarly, Buoninsegni et al. [77] reported high mi-
croplastic presence along the Ferrara Coast (Italy), particularly small mi-
croplastics (2402 items/m?). Although units differ (items/kg vs items/m?),
both studies highlight heavy contamination in urbanized coastlines and
dominance of secondary microplastics. Overall, Lagos beaches exhibit
higher sediment microplastic burdens compared to Moroccan sites and are
comparable to heavily impacted European coasts, underscoring strong
anthropogenic influence. In terms of composition, Lagos beaches were
dominated by fragments, whereas Moroccan beaches reported fibres as the
predominant type. This difference may reflect variation in dominant pol-
lution sources: textile-derived inputs and fishing activities along the
Mediterranean coast versus extensive breakdown of macroplastic litter in
Lagos. Nonetheless, all three regions demonstrate patterns typical of an-
thropogenically influenced coastlines, where secondary microplastics
dominate and spatial variability correlates with human activity intensity.

Overall, the abundance and composition trends in this study are
consistent with global patterns, emphasizing that fragments and foams
dominate in high-activity beach environments. The total abundance
(1846 items/kg) exceeds previously reported values for Lagos beaches
(1230 items/kg; [70]) and is comparable to findings from Malaysia
(1560 items/kg; [78]), indicating a high local input of mismanaged
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Fig. 4. Abundance and distribution of different colours of microplastics across the sampled beach locations.

plastic waste. These results underscore the growing environmental
burden of microplastics in Nigeria’s coastal zones and highlight the
need for improved waste management, enforcement of plastic use
regulations, and public awareness initiatives to mitigate future accu-
mulation.

The total microplastic abundance recorded in this study (1846 items/
kg dry weight) is higher than values previously reported for Lagos coastal
sediments and many other Nigerian coastal environments, indicating an
increasing trend in plastic contamination. For instance, Akindele et al.
[70] reported 1230 items/kg in sediments from selected Lagos beaches,
while Ilechukwu et al. [36] recorded lower concentrations along less ur-
banized stretches of the Nigerian coastline. The higher values obtained in
the present study, particularly at Elegushi (632 items/kg) and Alpha (547
items/kg) Beaches, are likely linked to intense anthropogenic pressure
such as tourism, coastal trading, urban runoff, and proximity to drainage
channels. Similar relationships between human activity intensity and mi-
croplastic abundance have been documented globally, where beaches
close to densely populated and industrialized areas consistently show
elevated microplastic loads [71,73].

When compared with international studies, the total abundance
observed here is comparable to values reported from other tropical
coastal regions, such as Malaysian beaches (1560 items/kg; [41]) and
parts of the Persian Gulf [72], but higher than many temperate beach
sediments, which often range between 100 and 1000 items/kg [71,73].
This suggests that tropical urban coastlines, characterized by rapid
population growth, inadequate waste management, and high plastic
consumption, may act as hotspots for microplastic accumulation.

The dominance of fragments in the present study is consistent with
numerous reports from both Nigerian and global coastal sediments
[70,71,78]. Fragments are typically classified as secondary micro-
plastics, formed through photodegradation, mechanical abrasion, and
thermal oxidation of larger plastic items such as bottles, bags, and
packaging materials [13]. Their prevalence indicates long-term en-
vironmental weathering and continuous input of macroplastic debris
that subsequently breaks down in situ. The substantial proportion of
foam particles further reflects the widespread use of expanded poly-
styrene (EPS) for food packaging and insulation in coastal urban cen-
ters, a pattern also reported in tropical sediments by Auta et al. [41].

Fibres, although less abundant than fragments and foams, are
commonly reported in coastal sediments worldwide and are generally
associated with domestic wastewater, laundering of synthetic textiles,
and degradation of fishing nets and ropes [72,73]. The presence of
pellets, though lowest in abundance, suggests contributions from in-
dustrial raw materials and spillage during transportation and handling,

as similarly observed by Browne et al. [71].

The colour distribution, dominated by white, brown, and black
particles, is also in agreement with previous studies in Nigerian and
other tropical marine environments [78] Light-coloured and faded
plastics are typically indicative of prolonged exposure to ultraviolet
radiation and oxidative weathering, which leads to pigment loss and
surface embrittlement [13]. Such weathered particles are of particular
ecological concern, as their resemblance to natural food items such as
zooplankton and detritus increases the likelihood of ingestion by
benthic and pelagic organisms [74].

Overall, the abundance, composition, and spatial distribution pat-
terns observed in this study are consistent with both regional and global
reports, but the comparatively higher total concentration suggests an
escalating local input of mismanaged plastic waste. This aligns with
trends reported for rapidly urbanizing coastal zones in developing
countries, where ineffective waste collection, open dumping, and direct
discharge into drainage systems contribute significantly to marine
plastic pollution [36,70,78]. These findings underscore the urgent need
for improved solid waste management, stricter enforcement of plastic-
use regulations, and sustained public awareness campaigns to mitigate
further accumulation of microplastics in Nigeria’s coastal sediments.

Also, compared to previous studies, the recorded levels are lower.
Walenna et al. [79] recorded higher MPs levels in various land uses, with
agricultural soils reaching 64 particles/g, and Olarinmoye et al. [46] re-
ported 310-2319 particles/kg in lagoon sediments bordering Lagos while
Ilechukwu et al. [36] recorded higher MP abundance in Lagos beaches,
with up to 170 items/50 g at Eleko. These elevated levels have been linked
to poor waste management, plastic migration, and litter fragmentation due
to photochemical and mechanical processes [36].

3.3. Microplastic risk assessment (pollution load index- PLI)

Table 3 estimates the PLI values of the different sample locations
with Elegushi having the highest PLI score of 2.17, indicating that the

Table 3
Risk category of microplastic pollution across the four beach locations.

Locations PLI Risk Category

Elgushi Beach 2.17 Highly Polluted (about twice the baseline)
Alfa Beach 1.88 Polluted (above baseline but less than site 1)
Eleko Beach 1.23 Slightly Polluted

10niru Beah 1 At baseline (no excess pollution)
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site is experiencing pollution above the baseline level, and that the
contamination is considered moderate to high. It also indicates that the
microplastic load concentration in the beach sediment in Elegushi is
about 2.17 times higher than the natural or reference condition.

The pollution load index (PLI) for the four polluted investigated
beach sites ranged from 1.00 to 2.17, indicating spatial variability in
microplastic contamination levels. Elegushi Beach recorded the highest
PLI value (2.17), representing a 117% increase above baseline condi-
tions, and therefore signifying the most severe microplastic con-
tamination among the 4 beach sites. Alfa Beach exhibited a PLI of 1.88
(88% above baseline), suggesting substantial pollution but at lower
magnitude than Elegushi Beach site. Eleko, with a PLI of 1.23 (23%
above baseline), can be classified as slightly polluted, while Oniru
Beach, with 1.00, reflects conditions equivalent to the reference base-
line and is therefore, considered unpolluted.

According to Baycan et al. [80] a PLI value of > 1 denotes pollu-
tion, whereas values < 1 indicates unpolluted conditions. Based on this
threshold, three out of the four beach sites assessed can be classified as
polluted with varying degrees of severity, with contamination hotspots
clearly identified at Elegushi and Alfa beach. Such elevated micro-
plastic loads in these locations may be linked to anthropogenic activ-
ities such as tourism, fishing activities, plastic waste runoff, coastal
urbanisation, inadequate waste management, and hydrodynamic pro-
cesses that promote debris deposition. Ecologically, it demonstrates an
increased risk to bottom dwelling organisms that may ingest micro-
plastics with possible entry into the local food web.

The spatial pattern observed suggest that targeted management in-
terventions, particularly at the most polluted sites, may be necessary to
mitigate further microplastic accumulation in coastal sediments.
Additionally, long-term monitoring is recommended to evaluate the
effectiveness of any remediation strategies and to detect potential
seasonal or inter annual trends in contamination levels.

The elevated microplastic loads observed at these sites may be
linked to intensified anthropogenic pressures, including tourism activ-
ities, coastal urbanisation, inadequate solid waste management, and
hydrodynamic processes favouring the deposition of buoyant polymer
particles. This spatial distribution pattern underscores the need for
targeted pollution control strategies at the most contaminated sites to
prevent further accumulation of microplatics in coastal sediments.
Furthermore, continuous monitoring is essential to assess the efficiency
of mitigation measures and to detect potential seasonal or interannual
variation in microplastic contamination trends.

Additionally, the observed higher values recorded in Elgushi beach
and Alfa indicate that ecological risks may be exacerbated when water
flow is reduced as the experiment (sample collection) was carried out
during the dry season this was in conformity with the work reported by
Baycan et al. [80]. Where samples were collected during the wet and
dry seasons indicating that the ecological risk of microplastics increased
during the dry season as the water flow is reduced and vice vasa. Mi-
croplastics (MPs), defined as plastic particles < 5mm in size [81], have
become widespread contaminants in terrestrial and marine environ-
ments, posing significant ecological and health risks. Their presence in
beach sediments reflects anthropogenic activity and land-sea interac-
tions. A total of 1847 particles/kg (dry weight) was recorded, with
fragments being the most prevalent, site-specific abundance was
highest at Elegushi Beach (632 items/kg) likely due to intensive tourism
and urban runoff. The relatively lower count at Oniru, a private beach,
may be attributed to stricter plastic use restrictions [38].

3.4. Enumeration and identification of bacterial species in beach sediment

No significant difference was observed in the total bacterial counts
across the four beach sites (Fig. 5). Elegushi Beach recorded the highest
level with an average of 10.6 + 7.91 x 10* CFU/g. This was followed
by Oniru Beach (6.1 + 2.19x 10* CFU/g), Eleko Beach (4.2 + 1.73
x 10* CFU/g), and Alpha Beach, which had the lowest count
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Fig. 5. Total bacterial count of Beach sediment. Values are presented as
mean * standard error of mean (SEM) of three replicates.

(1.7 = 0.38 x 10* CFU/g). The mean total bacterial count across all
sites was 5.65 * 20.40 x 10* CFU/g. A total of eleven distinct bacterial
species were isolated from the sediment samples. These include: Sta-
phylococcus aureus, Pseudomonas aeruginosa, Micrococcus luteus, Serratia
marcescens, Alcaligenes faecalis, Bacillus mycoides, Bacillus polymyxa,
Bacillus cereus, Bacillus subtilis, Staphylococcus epidermidis, and Proteus
vulgaris.

Beach sediments provide a dynamic habitat for diverse microbial
communities, many of which possess significant bioremediation po-
tential [82]. These microorganisms evolved metabolic pathways and
enzyme systems that enable the breakdown of complex environmental
pollutants, including synthetic polymers. Their presence in polluted
sites suggests an ability to utilize such contaminants as carbon and
energy sources [83]. They also often exhibit significant resistance to
toxic compounds, increasing their relevance in bioremediation pro-
cesses.

In this study, there was no significant difference in total bacterial
count across the sampling sites, with mean total bacterial count ranging
from 1.7 + 0.38 x 104 in Alpha Beach to 10.6 + 7.91 x 104 CFU/g
in Elegushi Beach. Variations in bacterial load across the sites can be
linked to environmental factors such as organic matter content, salinity,
moisture, sediment texture, and anthropogenic input [84]. The elevated
bacterial count observed at Elegushi Beach may be attributed to in-
creased human activity and pollution load.

These relatively high bacterial counts indicate a strong potential for
natural attenuation and microbial degradation of plastics in these beach
sediments. Previous studies have reported comparable or higher bac-
terial densities depending on sampling depth, season, and pollution
gradients. Soffritti et al. [85] reported bacterial counts ranging from
1.1 x 103-1.6 x 105 CFU/g in beach sands of the North Adriatic Sea,
Italy. Suzuki et al. [86] documented counts between 2.8 x 103 and
1.7 x 107 CFU/100 g in Kizaki Beach, Japan. Similarly, Udofia et al.
[87] recorded counts of 2.1 X 106-3.6 X 106 CFU/g in sediments of
the Iko River Estuary, Nigeria, while Odewumi and Quist [88] recorded
1.45 x 104-12.4 x 104 CFU/g in Araromi Beach, Nigeria.

As mention above the isolated species are commonly associated with
organic matter degradation, nutrient cycling, and plastic biodegrada-
tion in environmental matrices.

The bacterial genera isolated in this study are consistent with those
reported in other studies on coastal and sediment ecosystems. Udofia
et al. [87], Odewumi and Quist [88], and Soffritti et al. [85] reported
isolating and identifying Escherichia coli, Proteus, Streptococcus, Staphy-
lococcus, Klebsiella, Clostridium, and Actinomycetes. These microbial po-
pulations are shaped by sediment characteristics and nutrient avail-
ability, which influence both their abundance and functional capacity
[89].
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Fig. 6. Growth of Bacterial Isolates during 30-day PET biodegradation.

3.5. Bacteria growth during the biodegradation study period of PET

Figure Six (Fig. 6). illustrates the growth patterns of individual
bacterial isolates (Proteus sp., Pseudomonas sp., Bacillus polymyxa, Ba-
cillus subtilis, Alcaligenes faecalis) and two bacterial consortia (Treat-
ments A and B) over a 30-day incubation period, expressed as total
bacterial count (x 10° CFU/mL). At the start (day 0), all bacterial po-
pulations showed relatively low counts, indicating the adaptation or lag
phase. A gradual increase in growth was observed from day 5 to day 20
across all isolates and Treatments corresponding to the exponential
phase of bacterial proliferation. Beyond day 20, a steeper rise in cell
density occurred, showing enhanced microbial activity and utilization
of available microplastic substrates.

By day 30, A. faecalis exhibited the highest bacterial count
(467 x10° CFU/mL), followed closely by Pseudomonas sp. (432 x10°
CFU/mL) and B. subtilis (357 x 10° CFU/mL). B. polymyxa and Proteus
sp. displayed moderate growth levels, while the mixed cultures
(Treatments A and B) showed comparatively lower but steady in-
creases, reaching about 202-226 X 10° CFU/mL at the end of the in-
cubation period.

Overall, the graph demonstrates that all isolates were capable of sus-
tained growth over time, with A. faecalis and Proteus sp. showing superior
proliferation potential. The Treatments, although exhibiting slower
growth, maintained stable population increases, suggesting possible in-
terspecies interactions that moderate overall growth dynamics.

The progressive increase in bacterial counts over the 30-day period
indicates that all isolates and consortia were able to adapt and actively
utilize the available substrate, suggesting their potential role in biode-
gradation. The superior growth of A. faecalis and Proteus sp. implies a
higher metabolic efficiency and possibly stronger enzymatic capacity for
substrate breakdown. The moderate yet steady growth of B. polymyxa, B.
subtilis, and Pseudomonas sp. reflects stable adaptation and sustained ac-
tivity throughout the incubation period. Although the mixed consortia
(Treatments A and B) exhibited lower growth rates compared to individual
isolates, their consistent increase suggests synergistic interactions that
could enhance overall degradation performance through complementary
metabolic pathways. These results highlight the potential of both in-
dividual strains and microbial consortia in biodegradation processes under
extended incubation conditions.

3.6. Biodegradation of PET microplastics (Weight Loss)

In terms of degradation efficiency, Treatment A exhibited the
highest percentage weight loss, with a 28.0% reduction in the initial
PET weight. This was followed by Bacillus subtilis, Pseudomonas sp. and
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Treatment B, which individually caused a 20.0% weight reduction.
Bacillus polymyxa and Alcaligenes faecalis followed, with 16.0% and
12.0% weight loss, respectively, while Proteus sp. recorded the lowest
PET weight loss at 8.0% (Fig. 7).

Treatment A achieved the highest PET reduction (24.0%), indicating
possible synergistic action. B. subtilis and Pseudomonas sp. each caused
16.0% weight loss, while A. faecalis, despite high growth, only achieved
8.0%, suggesting its metabolism may target other substrates. This
highlights that high bacterial growth does not always equate to high
degradation efficiency.

Numerous studies have identified PET-degrading microbes, with
Bacillus among the most common, often expressing PETase [90].
Compared to the present study, lower degradation rates were reported
by Guo et al. [91] (4.28% in 5 weeks using Rhodococcus pyridinivorans
P23) and Liu et al. [92] (1.8-16.2% over two months using deep-sea
bacterial consortia). Key genera included Alcanivorax, Pseudomonas,
Thalassospira, and Nocardioides. Biodegradation efficiency varies with
microbial species, enzyme production, environmental factors, and inter-
microbial interactions [93,94].

3.7. Rate constant and half life of PET after biodegradation studies

Table 4 presents the removal constants (K) and half-lives (t'2) for
microplastic degradation by the various bacterial isolates and treat-
ments. The removal constant (K) indicates the rate of microplastic de-
gradation (day™), while the half-life represents the time required for
50% of the microplastics to degrade.

The control sample showed no degradation (K = 0.0), confirming
that abiotic degradation was negligible under the experimental condi-
tions. Among the pure isolates, Bacillus subtilis and Pseudomonas sp.
demonstrated the highest removal constants (K = 0.0066 day™) with
corresponding shortest half-lives (105 days), indicating strong micro-
plastic-degrading potential. B. polymyxa followed with K = 0.0051
day™ and a half-life of 136 days, while A. faecalis (K = 0.00384 day’;
t¥%s = 180 days) and Proteus sp. (K = 0.0024 day; t'2 = 289 days)
showed relatively slower degradation rates.

The consortia treatments showed enhanced degradation efficiency
compared to individual isolates. Treatment A recorded the highest de-
gradation rate (K = 0.00972 day™) and shortest half-life (71 days),
suggesting synergistic interactions among the bacterial members that
facilitated faster breakdown of microplastics. Treatment B also per-
formed well (K = 0.0066 day’; t“2 = 105 days), comparable to B.
subtilis and Pseudomonas sp.

These findings are consistent with earlier reports identifying Bacillus
and Pseudomonas species as effective plastic degraders. Auta [48]
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Table 4
Rate Constant and Half-life of polyethylene terephthalate (PET) after 30 days
biodegradation studies.

Isolate Initial Final Removal Half-
Weight Weight Constant Life
® ® (K) day-1 (Days)

Control 0.25 0.25 0.0 -

Proteus sp. 0.25 0.23 0.0024 289

B. polymyxa 0.25 0.21 0.0051 136

B. subtilis 0.25 0.20 0.0066 105

A. faecalis 0.25 0.22 0.00384 180

Pseudomonas sp. 0.25 0.20 0.0066 105

Treatment A 0.25 0.18 0.00972 71

Treatment B 0.25 0.20 0.0066 105

demonstrated that isolates of Pseudomonas and Bacillus obtained from
aquatic environments effectively degraded polyethylene and poly-
propylene films, attributing their performance to oxidative and hy-
drolytic enzyme secretion such as laccases, esterases, and mono-
oxygenases. Similarly, Hooda and Mondal [95] reported that Bacillus
subtilis achieved significant polyethylene degradation with a half-life of
approximately 100-120 days, comparable to the 105 days recorded in
this study.
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While Proteus sp. and A. faecalis showed slower degradation rates,
their activity corroborates the work of Harshvardhan and Jha [96], who
observed gradual but steady plastic deterioration by Proteus sp. under
similar conditions. The superior performance of the mixed consortia
aligns with reports by Ojeda et al. (2011) and Yang et al. [97], which
demonstrated that microbial consortia outperform single strains due to
synergistic metabolic interactions, enzyme complementation, and en-
hanced biofilm formation on polymer surfaces.

Overall, these results emphasize the advantage of employing mi-
crobial consortia over single isolates in plastic biodegradation studies.
The high degradation rate observed in Treatment A highlights the po-
tential of mixed bacterial systems as promising candidates for the
bioremediation of microplastic-polluted environments.

3.8. Growth pattern of isolates during 30-day PP biodegradation

The growth patterns of five bacterial isolates (Proteus sp.,
Pseudomonas sp., Bacillus polymyxa, Bacillus subtilis, and Alcaligenes
faecalis) and two bacterial consortia (Treatments A and B) during a 30-
day incubation period of PP microplastics is presented in Fig. 8. Growth
was measured as total bacterial count ( X 10° CFU/mL).

At day 0, all bacterial isolates and consortia exhibited low cell
densities, indicating the adaptation or lag phase. Between days 5 and
20, a gradual rise in bacterial counts was observed across all samples,

e Proteus sp.
el B, polymyxa

= B, subtilis
= A faecalis

el Pseudomonas sp.

Treatment A

«8 Treatment B

Fig. 8. Growth of Bacterial Isolates during 30-day PP biodegradation studies.
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showing active cell multiplication and substrate utilization. After day
20, the bacterial populations entered a more rapid growth phase, with
pronounced increases in total counts by day 30. By the end of the in-
cubation period, Pseudomonas sp. showed the highest bacterial count
(491 x10° CFU/mL), followed closely by A. faecalis (472 x 10> CFU/
mL) and B. subtilis (457 x 10> CFU/mL). B. polymyxa and Proteus sp.
recorded moderate growth, while the mixed cultures (Treatments A and
B) exhibited relatively lower but consistent increases, reaching 249 and
268 x 10° CFU/mL, respectively, by day 30.

Overall, the graph indicates that all isolates and consortia were
capable of sustained growth over the study period, with Pseudomonas
sp. and A. faecalis demonstrating the highest proliferation potential. The
steady growth trends of the consortia suggest stable microbial adapta-
tion and possible cooperative interactions that support substrate utili-
zation.

The progressive increase in bacterial counts over the 30-day in-
cubation period indicates effective adaptation and active colonization
of the plastic substrate by all isolates and Treatments. The pronounced
growth observed in Pseudomonas sp. and A. faecalis suggests a higher
enzymatic capability and stronger affinity for plastic surfaces, possibly
due to efficient secretion of extracellular enzymes involved in polymer
breakdown. The steady growth of B. subtilis, B. polymyxa, and Proteus sp.
reflects consistent metabolic activity and biofilm development, which
are essential for initiating plastic degradation. Although the mixed
consortia (Treatments A and B) exhibited comparatively lower cell
densities, their stable and sustained growth implies synergistic inter-
actions that may enhance collective biodegradation efficiency through
complementary metabolic pathways. Overall, these results demonstrate
that both individual bacterial isolates and consortia possess the po-
tential to participate in biofilm-mediated degradation of plastic mate-
rials under prolonged incubation.

3.9. Biodegradation of polypropylene (PP)

Treatment A exhibited the highest %weight loss recording a 24.0%
reduction in the initial PP weight. This was followed by Bacillus subtilis
and Pseudomonas sp. individually both recording 20.0% weight reduc-
tion each. Treatment B recorded 16.0% reduction in PP weight while
Proteus sp., Bacillus polymyxa, and Alcaligenes faecalis all recorded
12.0% reduction in PP weight (Fig. 9).

Polypropylene (PP) is a widely used synthetic polymer valued for its
durability, chemical resistance, and versatility [98,99]. Commonly
found in packaging, automotive parts, textiles, and household items, its
resistance to degradation has contributed significantly to

Table 5
Rate Constant and Half-life of polypropylene (PP)) after 30 days biodegradation
studies.

Isolate Initial Final Removal Half-
Weight Weight Constant Life
® [€9) (K) day-1 (Days)

Control 0.25 0.25 0.0 -

Proteus sp. 0.25 0.22 0.0038 180

B. polymyxa 0.25 0.22 0.0038 180

B. subtilis 0.25 0.20 0.0066 105

A. faecalis 0.25 0.22 0.0038 180

Pseudomonas sp. 0.25 0.20 0.0066 105

Treatment A 0.25 0.19 0.0082 84

Treatment B 0.25 0.21 0.0051 135

environmental pollution [100]. Microbial biodegradation offers a pro-
mising solution by harnessing microorganisms to break down PP
without harsh chemicals or harmful by-products.

Weight loss analysis revealed Treatment A achieved the highest PP
degradation (20.0%), suggesting synergistic enzyme activity. B. subtilis
and Pseudomonas sp. followed with 16.0% each, consistent with their
growth and known degradation roles. Treatment B recorded 12.0%,
possibly limited by antagonistic interactions or poor synergy.
Biodegradation efficiency varied due to factors such as enzymatic ac-
tivity, interspecies interactions, and metabolic adaptation. Similar
variability is noted in other studies. Jeon et al. [101] reported 4% PP
degradation by Lysinibacillus sp. after 26 days, while Wichatham et al.
[102] recorded 17.52% weight reduction by Streptomyces ardesiacus
under lab conditions.

3.10. Rate constant and half-life of polypropylene (PP)

The removal rate constants (K) and half-lives (t'4) for microplastic
degradation by bacterial isolates and consortia are presented in Table 5.
The control sample showed no measurable degradation (K = 0.0 day™),
confirming that abiotic factors such as photolysis and hydrolysis did not
significantly contribute under the experimental conditions. Among the
individual isolates, Bacillus subtilis and Pseudomonas sp. recorded the
highest removal constants (K = 0.0066 day™) and shortest half-lives
(105 days), indicating strong enzymatic potential and high biode-
gradation efficiency. Moderate degradation rates were observed for
Proteus sp., Bacillus polymyxa and Aerococcus faecalis (K = 0.0038 day™;
tY2 = 180 days), suggesting comparatively slower degradation kinetics.

Enhanced degradation performance was observed in the bacterial
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consortia compared to the single isolates. Treatment A exhibited the
highest degradation rate (K = 0.0082 day™) and the shortest half-life
(84 days), indicating synergistic interactions among the constituent
bacterial species that enhanced polymer breakdown. Treatment B (K =
0.0051 day; t%2 = 135 days) also performed well, surpassing most of
the individual isolates but remaining slightly less efficient than
Treatment A. The superior performance of the consortium can be at-
tributed to metabolic cooperation, complementary enzyme activity, and
efficient colonization of polymer surfaces leading to faster oxidation
and hydrolysis of polymer chains.

These findings are consistent with previous reports highlighting the
degradation capabilities of Bacillus and Pseudomonas species. Auta [48]
demonstrated that Pseudomonas and Bacillus isolates from aquatic en-
vironments effectively degraded polyethylene and polypropylene films,
achieving comparable degradation rates (K 0.006-0.007 day™).
Hooda and Mondal [95] similarly reported that Bacillus subtilis de-
graded polyethylene with a half-life of approximately 110 days, closely
matching the 105 days observed in this study. Conversely, Proteus sp.
and Aerococcus faecalis exhibited lower degradation rates, consistent
with findings by Harshvardhan and Jha [96], who observed limited
polymer deterioration by these species even after extended incubation.

The enhanced degradation observed in microbial consortia aligns
with previous studies showing that mixed microbial cultures out-per-
form single strains due to synergistic interactions and enzyme com-
plementarity. Ojeda et al. (2011) and Yang et al. [97] reported that
microbial consortia enhanced polymer degradation through co-
operative metabolism, enzyme diversity, and biofilm formation on
polymer surfaces, resulting in faster breakdown of polymer chains. The
shorter half-life recorded in Treatment A supports this assertion, de-
monstrating the benefit of using mixed microbial communities in
bioremediation applications.

Generally, the results confirm that B. subtilis and Pseudomonas sp. are
among the most efficient single degraders of microplastics, while the
consortia, particularly Treatment A, exhibited superior degradation
efficiency. These findings underscore the potential of microbial con-
sortia as sustainable biological tools for the remediation of micro-
plastic-contaminated environments.

The biodegradation study in Tables 3 and 4 demonstrates that cer-
tain bacteria can effectively degrade polypropylene, though with
varying efficiencies. Treatment A holds promise for bioremediation
strategies, given its higher rate constant and shorter half-life, while
others are weak degraders of PP and PET. Their enzymatic systems
likely have low activity or affinity for PP and PET degradation. The
control experiment confirms that there is no biological breakdown
without microbial action.

In conclusion, The 30-day degradation experiment revealed sub-
stantial mass loss for both polymers, with PET exhibiting a higher
weight reduction (28.0%) under Treatment A, while PP showed a lower
but still considerable loss of 20.0% under Treatment B. Weight loss is a
widely used indicator of polymer deterioration and reflects surface
erosion, chain scission, and the formation of low-molecular-weight
fragments resulting from abiotic and/or biotic degradation processes
[13]. The pronounced mass loss observed in the present study suggests
that the applied treatments created conditions highly favorable for
polymer breakdown, as further supported by FTIR spectral changes
indicating the formation of oxygen-containing functional groups asso-
ciated with oxidative and hydrolytic degradation.

For PET, the recorded 28% weight loss after 30 days is markedly
higher than values reported for natural weathering and mild laboratory
exposures. Napper and Thompson [103] documented only 6-12% mass
loss for PET films after 30 days of UV-accelerated aging in seawater,
while Gewert et al. [104] reported approximately 5-15% surface ero-
sion during short-term marine exposure. In contrast, the magnitude of
weight loss observed in the present study is comparable to that reported
under biologically or enzymatically enhanced conditions. Yoshida et al.
[25] demonstrated that PET incubated with Ideonella sakaiensis
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underwent up to 25-30% mass reduction within one month due to
enzymatic hydrolysis of ester linkages. Similarly, Ronkvist et al. [105]
reported 20-35% weight loss of PET films during cutinase-mediated
degradation. These comparisons indicate that the 28% mass loss ob-
tained here falls within the upper range of PET degradation reported in
the literature and suggests an accelerated depolymerization process,
likely involving combined oxidative and biological mechanisms.

Polypropylene (PP) generally exhibits greater resistance to de-
gradation than PET due to its hydrophobic nature and lack of hydro-
lysable functional groups. Nevertheless, the 20% weight loss observed
in this study exceeds many values reported for environmental exposure.
Arutchelvi et al. [106] recorded only 5-15% mass loss for PP after
30-60 days under microbial composting conditions, while Napper and
Thompson [103] reported 10-18% loss for PP films subjected to UV
weathering in seawater. However, under more aggressive oxidative or
thermophilic biodegradation conditions, comparable losses have been
reported. Koutnik et al. [107] observed 15-22% weight loss of PP
during 30 days of thermophilic composting, and Albertsson et al. [108]
reported up to 18-25% mass reduction under controlled photo-oxida-
tive aging. The 20% PP loss recorded in the present study therefore lies
within the upper range of previously reported values and indicates
enhanced oxidative chain scission, consistent with the FTIR-detected
formation of carbonyl and hydroxyl groups.

Overall, the comparatively high mass losses of PET (28%) and PP
(20%) over a short exposure period suggest that the experimental
treatments significantly accelerated polymer degradation relative to
natural weathering conditions. When considered alongside FTIR evi-
dence of chemical structural modification, these results confirm pro-
gressive depolymerization and surface oxidation of both polymers, with
PET showing greater susceptibility than PP. The findings are compar-
able to those reported under enzymatic, composting, or strongly oxi-
dative environments and highlight the efficiency of the applied treat-
ments in promoting plastic and microplastic degradation.

3.11. FTIR analysis of biodegraded PET microplastics by Treatments A and B

Fourier Transform Infrared Spectroscopy (FTIR) is a widely used
technique for analysing the chemical structure of materials by identifying
functional groups and chemical bonds [109]. Alongside scanning electron
microscopy, FTIR is commonly employed to assess PET degradation [90].
In this study, FTIR was used to compare the chemical structure of un-
treated plastics and plastics degraded by Treatment A to detect changes
induced by microbial activity. The control PET spectrum (Fig. 10.) showed
characteristic absorption bands, including broad O-H stretching
(3518-3261 cm ™ 1), strong C=0 stretching at 1712.8 cm ™! (indicative of
ester linkages), C-H stretching around 2952 and 2918 cm ™!, and distinct
aromatic and ester-related peaks in the fingerprint region while the
spectrum of PET treated with Treatment A exhibited significant changes
such as a broader O-H band at 3338.3cm ™!, new carbonyl peaks at
1640.0 and 1543.1 cm ™!, and shifts in the C-O and aromatic regions,
suggesting hydrolysis of ester bonds and the formation of hydroxyl, car-
boxyl, and carboxylate groups. These modifications point to enzymatic
activity by Proteus sp., Bacillus subtilis, and Pseudomonas sp., which col-
lectively facilitated partial degradation of PET. The results are consistent
with previous findings [110,111] showing that microbial degradation of
PET leads to the formation of new functional groups and structural al-
terations due to hydrolytic cleavage.

The FTIR spectrum of the control PP and consortia a biodegraded PP
plastic (Fig. 11) also displayed characteristic absorption bands consistent
with the chemical structure of polypropylene. The FTIR spectrum of
polypropylene showed characteristic peaks corresponding to C-H
stretching vibrations (2996.8 cm ™%, 2957.2 cm ™!, and 2868.7 cm ™ 1), C-H
bending vibrations (1457.4 cm ™ Yand 1377.5cm™ 1), C-C stretching and C-
H rocking vibrations (1166.7 cm™?, 1103.3cm ™!, and 997.6 cm™1), and
tacticity-related C-H rocking vibrations (841.4 cm ™ 1), confirming its hy-
drocarbon backbone structure.
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Fig. 11. Fourier transform infrared spectra of (A) un-degraded PP plastics (Control) (B) consortia a biodegraded PP plastic.

The FTIR spectrum of the biodegraded PP showed significant dif-
ferences compared to the control, suggesting chemical modifications
due to microbial degradation. The spectrum show signs of poly-
propylene  degradation, including increased O-H content
(3400-3300 cm 1), formation of carbonyl groups (1707.1 cm ™Y,
modifications in hydrocarbon chains (2960-2870 cm ™), emergence of
new peaks indicating C=C double bonds (1640-1630 cm~ 1) and C-O
stretching (1233.7 cm ™! and 1080.9 cm™ %), and changes in bending
regions and backbone structure, collectively suggesting oxidative de-
gradation and modification of the polymer structure [112].

The differences between the FTIR spectra of control and biode-
graded PP indicate that microbial action led to chemical modifications
in the polymer structure. The increase in hydroxyl (-OH) and carbonyl
(C=0) groups, as well as the formation of new C-O bonds, are clear
indicators of oxidative degradation [113]. The observed oxidative de-
gradation can be attributed to the synergistic metabolic activities of the
consortia A that produce extracellular enzymes capable of breaking
down the polymer chains. These enzymes, such as oxidases and per-
oxidases, initiate oxidation of the polymer surface, leading to the for-
mation of reactive oxygen species (ROS) that further enhance the oxi-
dative breakdown of the polymer chains [114]. The initial oxidation
results in the formation of hydroxyl (-OH) and carbonyl (C=0) groups,
while prolonged exposure to microbial enzymes can lead to chain
scission and the formation of low-molecular-weight compounds such as
alcohols, carboxylic acids, and esters [93]. Such microbial oxidation is a
common mechanism in the biodegradation of polymers, where the
microorganisms utilize the degradation products as a carbon source for
growth and energy.

3.12. Scanning Electron Microscopy (SEM) of biodegraded PP and PET
microplastics by treatments A and B

Scanning electron microscopy (SEM) was used to examine the sur-
face morphology of microplastic particles before and after biode-
gradation treatment. It offers high-resolution visualization of surface
modifications in polymers subjected to microbial treatment. The control

sample of PET plastics (Plate IA) exhibited a smooth, uniform, and
homogeneous surface, devoid of visible cracks, pits, or erosion marks
indicating that the polymer structure remained intact and unaltered,
confirming the absence of biodegradation activity while the SEM mi-
crographs of the treated PET samples (Plates IC and ID) showed sig-
nificant surface alterations characteristic of biodegradation. These in-
cluded increased surface roughness, the presence of pits and cavities, as
well as areas of deep erosion with brittle and porous textures. Such
morphological changes are consistent with early-stage polymer de-
gradation, likely caused by microbial colonization (Plate IB) or enzy-
matic hydrolysis, and suggest active breakdown of the PET matrix. The
presence of eroded zones, brittle textures, and porous areas is indicative
of polymer chain scission and surface disintegration, likely initiated by
microbial enzymatic activity or acid hydrolysis. These microstructural
changes provide strong evidence of microbial colonization and meta-
bolic action, leading to the breakdown of the PET surface.

The visible degradation features confirm that Treatment A possess
the capability to attach (Plate IB) and break down PET polymers. This
supports the feasibility of using microbial treatment as a biotechnolo-
gical approach for controlling microplastic pollution. Surface de-
gradation is often the first step toward complete polymer mineraliza-
tion, and such physical changes are prerequisites for further
biochemical transformations [115].

These results are in agreement with previous studies that reported
similar morphological alterations following microbial degradation of
synthetic plastics. SEM features such as cracks, pits, and surface
roughening in polyethylene films degraded by bacterial isolates.
Similarly, Yang et al. [116] demonstrated the biodegradation of poly-
styrene and PET by Ideonella sakaiensis and other plastic-degrading
microbes, where SEM images revealed erosion and fragmentation of
polymer surfaces. The intact morphology of control plastic particles and
the development of structural defects post-biodegradation, emphasizing
the role of microbial enzymes in polymer surface breakdown.

The surface morphology of plastics degraded by microorganisms’
transitions through distinct stages observable as shown in Plate I via
microscopic techniques (SEM). Initially, plastic surfaces are smooth,
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Plate I. SEM images of PET microplastics (A) control MP with colonized bacteria (B) and biodegraded (C and D) PET microplastics.
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Plate II. SEM images of biodegraded PP microplastics by Treatments A (Plate II A) and Treatment B (Plate II B), and bacterial colonization (Plate II C).
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hydrophobic, and structurally intact. Upon microbial colonisation,
biofilms form, marking the onset of degradation. Microorganisms se-
crete extracellular enzymes such as hydrolases, esterases, and oxidases
which disrupt polymer chains, leading to visible surface cracking, pit-
ting, and increased roughness. Prolonged enzymatic activity results in
fragmentation and erosion, with SEM revealing cavities and flake de-
tachment. Ultimately, the plastic becomes porous and brittle, with
collapsed structures indicating severe degradation and compromised
mechanical integrity. These morphological changes confirm progressive
microbial deterioration of plastic polymers [93].

The scanning electron micrographs of polypropylene (PP) micro-
plastic particles following biodegradation treatment are presented in
Plate II (A and B). The treated PP surfaces exhibited distinct morpho-
logical changes, including increased roughness, visible cavities, pits,
and pronounced erosion of the polymer matrix. These features are
characteristic of early-stage polymer degradation, likely resulting from
microbial colonization, enzymatic hydrolysis, and associated metabolic
activity.

These surface features are classic indicators of early-phase microbial
degradation, typically resulting from prolonged microbial colonization
and enzymatic attack on the polymer structure. The altered morphology
of the PP microplastics strongly suggests that the microbial consortia
adhered to the PP surface (Plate IIC) and initiated polymer breakdown
through the secretion of extracellular hydrolytic enzymes. The physical
damage observed supports the hypothesis that microbial strains in-
volved possibly comprising proteolytic, oxidase- or esterase-producing
bacteria produced metabolites capable of cleaving the hydrocarbon
chains in PP [93]. The manifestation of fragmentation zones, ruptured
textures, and crater-like formations is indicative of microbial metabolic
activity leading to polymer chain scission, likely via oxidative or en-
zymatic mechanisms. These visible alterations mark the onset of surface
erosion, which precedes further degradation stages such as molecular
depolymerization and mineralization.

Similar surface-level morphological disruptions in synthetic poly-
mers such as polyethylene and polystyrene following microbial de-
gradation. The significance of the present study lies in its demonstration
of structural degradation in polypropylene (PP), a polymer widely re-
cognized for its high hydrophobicity, chemical stability, and resistance
to microbial attack.

4. Conclusion

In this study, the total bacterial count varied with sampling location.
Withj Elegushi Beach recording the highest total bacterial count, with an
average of 10.6 X 104 CFU/g. The study recorded a total average bacterial
count of 5.65 x 10* CFU/g and a mean concentration of 461 items/kg.
Staphylococcus aureus, Pseudomonas aeruginosa, Micrococcus luteus, Serratia
marcescens, Alcaligenes faecalis, Bacillus mycoides, Bacillus polymyxa, Bacillus
cereus, Bacillus subtilis, Staphylococcus epidermidis, and Proteus vulgaris.

The present study demonstrated significant degradation of both
polyethylene terephthalate (PET) and polypropylene (PP) within a 30-
day exposure period, as evidenced by substantial mass loss and corro-
borated by FTIR spectral modifications. PET exhibited a higher per-
centage weight loss (28.0%) under Treatment A, while PP recorded a
lower but still considerable loss (20.0%) under Treatment B. The
greater susceptibility of PET is attributable to the presence of hydro-
lysable ester linkages in its backbone, which are prone to enzymatic and
hydrolytic cleavage, whereas the more hydrophobic and chemically
inert structure of PP confers comparatively higher resistance to de-
gradation. The magnitude of weight loss observed for both polymers
falls within, and in some cases exceeds, the upper range of values re-
ported in previous laboratory and environmental studies, indicating
that the applied treatments created conditions highly conducive to
oxidative and/or biological depolymerization. The FTIR results,
showing the emergence and intensification of oxygen-containing func-
tional groups, further confirm progressive chain scission and surface
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oxidation as key degradation mechanisms. Collectively, these findings
highlight the effectiveness of the experimental treatments in accel-
erating the breakdown of recalcitrant plastic polymers and underscore
their potential relevance for mitigating microplastic persistence in the
environment. Future studies should extend the exposure period beyond
30 days to evaluate long-term degradation kinetics and to determine
whether the observed mass loss follows linear, exponential, or plateau
trends over time. Quantitative analysis of molecular weight distribution
using techniques such as gel permeation chromatography (GPC) would
provide deeper insight into the extent of polymer chain scission and
depolymerization. In addition, coupling FTIR with complementary
spectroscopic and thermal analyses (e.g., Raman spectroscopy, DSC,
and TGA) would allow more comprehensive characterization of struc-
tural and thermal changes during degradation.

Further research should also investigate the role of specific micro-
bial consortia and enzymes in enhancing PET and PP degradation, in-
cluding isolation and identification of dominant degraders and assess-
ment of their metabolic pathways. Comparative studies under different
environmental matrices (marine, freshwater, soil, and compost) and
varying physicochemical conditions (temperature, pH, UV intensity,
and oxygen availability) are recommended to better simulate natural
settings and to elucidate the factors governing polymer weathering
rates. Finally, evaluating the formation and fate of intermediate micro-
and nanoplastic fragments, as well as potential ecotoxicological effects
of degradation by-products, would be essential for a holistic under-
standing of the environmental implications of accelerated plastic de-
gradation processes.

Authors agreement

All authors of this paper have read and approved the manuscript and
its submission.

CRediT authorship contribution statement

H. S. Auta: Conceptualization, Supervision, Methodology.: M. A.
Murtadha, G. Aruwa: Data curation, Writing- Original draft prepara-
tion: Awono, A. T. Edzili, D. O. Aboyeji: Visualization, Investigation,
Formal analysis.:. M. M. Wuna: Software, Validation..: E. O.
Balogun: Writing- Reviewing and Editing.

Declaration of Competing Interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
ARUWA GABRIEL reports administrative support was provided by
Federal University of Technology Minna Nigeria. ARUWA GABRIEL
reports a relationship with Federal University of Technology Minna that
includes: employment. If there are other authors, they declare that they
have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

References
[1] S.B. Obebe, A.A. Adamu, Plastic pollution: causes, effects and preventions, Int. J.

Eng. Appl. Sci. Technol. 4 (12) (2020) 85-95.

C.J. Rhodes, Solving the plastic problem: from cradle to grave, to reincarnation,

Sci. Prog. 102 (3) (2019) 218-248.

K.R. Shah, G. Maharjan, S. Baniya, B. Mainali, H. Treichel, S.R. Paudel, Plastic in

the environment: properties, types, and applications, Environmental Hazards of

Plastic Wastes, Elsevier, 2025, pp. 181-206.

N.P. Ivleva, A.C. Wiesheu, R. Niessner, Microplastic in aquatic ecosystems, Angew.

Chem. Int. Ed. 56 (7) (2017) 1720-1739.

M.S. Kabir, H. Wang, S. Luster-Teasley, L. Zhang, R. Zhao, Microplastics in landfill

leachate: sources, detection, occurrence, and removal, Environ. Sci. Ecotechnology

(2023), https://doi.org/10.1016/j.ese.2023.100256.

A.R. Othman, H. Abu Hasan, M.H. Muhamad, N. Ismail, S.R.S. Abdullah, Microbial

degradation of microplastics by enzymatic processes: a review, Environ. Chem.

Lett. (2021), https://doi.org/10.1007/s10311-021-01197-9.

[2]

[3]

[4]

[5]

(6]



H.S. Auta, M.A. Murtadha, G. Aruwa et al.

[71

(8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

M. Dokl, A. Copot, D. Krajnc, Y. Van Fan, A. Vujanovi¢, K.B. Aviso, R.R. Tan,

7. Kravanja, L. Cuek, Global projections of plastic use, end-of-life fate and po-
tential changes in consumption, reduction, recycling and replacement with bio-
plastics to 2050, Sustain. Prod. Consum. 51 (2024) 498-518.

F.S. Islam, The Effects of Plastic and Microplastic Waste on the Marine
Environment and the Ocean, Eur. J. Environ. Earth Sci. 6 (3) (2025) 1-9.

S. Matavos-Aramyan, Addressing the microplastic crisis: A multifaceted approach
to removal and regulation, Environ. Adv. 17 (2024) 100579.

M. Miloloza, M. Cvetnié, D.K. Grgié, V.O. Bulatovié, S. Ukié, M. Rogosi¢,

D.D. Dionysiou, H. Kusi¢, T. Bolanca, Biotreatment strategies for the removal of
microplastics from freshwater systems. A review, Environ. Chem. Lett. 20 (2021)
1377-1402.

H.K. Webb, J. Arnott, R.J. Crawford, E.P. Ivanova, Plastic degradation and its
environmental implications with special reference to poly (ethylene ter-
ephthalate), Polymers 5 (1) (2013) 1-18.

R. Wei, W. Zimmermann, Microbial enzymes for the recycling of recalcitrant
petroleum-based plastics: How far are we? Microb. Biotechnol. 10 (6) (2017)
1308-1322.

A.L. Andrady, Microplastics in the marine environment, Mar. Pollut. Bull. 62
(2011) 1596-1605, https://doi.org/10.1016/j.marpolbul.2011.05.030.

F. Galgani, A. Michela, O. Gérigny, T. Maes, E. Tambutté, P.T. Harris, Marine
litter, plastic, and microplastics on the seafloor, Plast. Ocean. Orig. Charact. fate
Impacts (2022) 151-197.

A.G. Relldn, D.V. Ares, C.V. Brea, A.F. Lopez, P.M.B. Bugallo, Sources, sinks and
transformations of plastics in our oceans: review, management strategies and
modelling, Sci. Total Environ. 854 (2023) 158745.

C. Campanale, C. Massarelli, I. Savino, V. Locaputo, V.F. Uricchio, A detailed re-
view study on potential effects of microplastics and additives of concern on human
health, Int. J. Environ. Res. Public Health 17 (4) (2020) 1212.

J. Cao, R. Xu, F. Wang, Y. Geng, T. Xu, M. Zhu, H. Lv, S. Xu, M.Y. Guo,
Polyethylene microplastics trigger cell apoptosis and inflammation via inducing
oxidative stress and activation of the NLRP3 inflammasome in carp gills, Fish. &
Shellfish Immunol. 132 (2023) 108470.

K. Kadac-Czapska, J. Osko, E. Knez, M. Grembecka, Microplastics and oxidative
stress—current problems and prospects, Antioxidants 13 (5) (2024) 579.

Y. Ma, L. Wang, T. Wang, Q. Chen, R. Ji, Microplastics as vectors of chemicals and
microorganisms in the environment, Particulate plastics in terrestrial and aquatic
environments, CRC Press, 2020, pp. 209-230.

S. Dey, A.K. Rout, B.K. Behera, K. Ghosh, Plastisphere community assemblage of
aquatic environment: plastic-microbe interaction, role in degradation and char-
acterization technologies, Environ. Micro 17 (1) (2022) 32.

J. MacLean, S. Mayanna, L.G. Benning, F. Horn, A. Bartholoméus, Y. Wiesner,
D. Wagner, S. Liebner, The terrestrial plastisphere: diversity and polymer-colo-
nizing potential of plastic-associated microbial communities in soil,
Microorganisms 9 (9) (2021) 1876.

E.R. Zettler, T.J. Mincer, L.A. Amaral-Zettler, Life in the “plastisphere”: microbial
communities on plastic marine debris, Environ. Sci. & Technol. 47 (13) (2013)
7137-7146.

A. Debroy, N. George, G. Mukherjee, Role of biofilms in the degradation of mi-
croplastics in aquatic environments, J. Chem. Technol. & Biotechnol. 97 (12)
(2022) 3271-3282.

V. Tournier, et al., An engineered PET depolymerase to break down and recycle
plastic bottles, Nature 580 (2020) 216-219.

S. Yoshida, K. Hiraga, T. Takehana, I. Taniguchi, H. Yamaji, Y. Maeda,

K. Toyohara, K. Miyamoto, Y. Kimura, K. Oda, A bacterium that degrades and
assimilates poly (ethylene terephthalate), Science 351 (6278) (2016) 1196-1199.
D. Danso, J. Chow, W.R. Streit, Plastics: Environmental and biotechnological
perspectives on microbial degradation, Appl. Environ. Microbiol. 85 (19) (2018)
€01095-18.

S. Skariyachan, A.S. Setlur, S.Y. Naik, A.A. Naik, M. Usharani, K.S. Vasist,
Enhanced polymer degradation of polyethylene and polypropylene by novel
thermophilic consortia, Environ. Technol. 39 (7) (2018) 923-944.

A K. Urbanek, W. Rymowicz, A.M. Mironiczuk, Degradation of plastics and plastic-
degrading bacteria in cold marine habitats, Appl. Microbiol. Biotechnol. 102
(2018) 7669-7678.

J.M. Restrepo-Flérez, A. Bassi, M.R. Thompson, Microbial degradation and dete-
rioration of polyethylene — A review, Int. Biodeterior. & Biodegrad. 88 (2014)
83-90.

E. Dumbili, L. Henderson, The challenge of plastic pollution in Nigeria, Plastic
waste and recycling, Academic Press, 2020, pp. 569-583.

P.E. Ndimele, A.E. Ojewole, G.O. Mekuleyi, L.A. Badmos, C.M. Agosu,

E.S. Olatunbosun, O.0. Lawal, J.A. Shittu, O.0. Joseph, K.M. Ositimehin,

F.C. Ndimele, Vulnerability, resilience and adaptation of Lagos coastal commu-
nities to flooding, Earth Sci. Syst. Soc. 4 (1) (2024) 10087.

S.0. Olaoti, Plastic pollution in Lagos State, Nigeria: Challenges and sustainable
solutions, Open J. Environ. Res. (ISSN 27342085) 5 (2) (2024) 1-15.

F. Ajani, O.S. Fadairo, H.O. Oyebanji, Performance goals and evaluation ofsocio-
cultural and economic indicators: a case study of Alpha Beach Resort, Lagos State,
Nigeria, Am. J. Res. Commun. 4 (8) (2016) 45-69.

E.F. Okosodo, Economic impact of beach tourism in Lagos State Southwestern
Nigeria, FEPIJOPAS 1 (1) (2019) 31-36.

0.B. Ayo-Dada, S.0. Popoola, O.0. Fola-Matthews, S.T. Olorunfemi,

K.O. Odufuye, E. Nicholas, E.C. Okonkwo, Assessment of beach users’ activities
and beach quality status, a tool for coastal tourism development in South West
Lagos Coastline, Nigeria, Pollut. Study 5 (1) (2024) 2780, https://doi.org/10.
54517/ps.v5i2.2780.

200

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

Environmental Pollution and Management 3 (2026) 185-201

1. llechukwu, B.I. Alo, J.K. Saliu, Microplastics in beach sediments of tropical
coastal ecosystems in Lagos, Nigeria, Mar. Pollut. Bull. 149 (2019) 110557,
https://doi.org/10.1016/j.marpolbul.2019.110557.

A. Oyelade, O.F.H. Sanuth, L.A.B. Nwadike, Microbiological quality of some re-
creational beaches along the shoreline of Lagos State, Nigeria, World Health 8 (2)
(2018).

1. llechukwu, G.I. Ndukwe, N.M. Mgbemena, A.U. Akandu, Occurrence of micro-
plastics in surface sediments of beaches in Lagos, Nigeria, Eur. Chem. Bull. 8 (11)
(2019) 371-375.

0. Adeaga, Morphology analysis of Niger Delta shoreline and estuaries for ecotourism
potential in Nigeria. In the Land/Ocean Interactions in the Coastal Zone of West and
Central Africa, Springer International Publishing, Cham, 2014, pp. 109-122.

R. Abdulkarim, E.A. Akinnigbagbe, D.O. Imo, M.T. Imhansoloeva, V.O. Aniebone,
M.P. Ibitola, Y.J. Appia, Grain size analysis of beach sediment along the barrier bar
lagoon coastal system, Lagos, Nigeria; its implication on coastal erosion, Glob. J.
Geol. Sci. 12 (2014) 31-37.

H.S. Auta, C.U. Emenike, S.H. Fauziah, Screening of Bacillus strains isolated from
mangrove ecosystems in Peninsular Malaysia for microplastic degradation,
Environ. Pollut. 231 (part 2) (2017) 1552-1559.

S. Afrin, M.K. Uddin, M.M. Rahman, Microplastics contamination in the soil from
Urban Landfillsite, Dhaka, Bangladesh, Heliyon 6 (11) (2020) e05572.

Marine Debris Program, N. (2015) Laboratory Methods for the Analysis of
Microplastics in the Marine Environment: Recommendations for Quantifying
Synthetic Particles in Waters and Sediments, (July).

A.P.W. Barrows, K.S. Christiansen, E.T. Bode, T.J. Hoellein, A watershed-scale,
citizenscience approach to quantifying microplastic concentration in a mixed land-
use river, Water Res. 147 (2018) 382-392.

C. Campanale, I. Savino, I. Pojar, C. Massarelli, V.F. Uricchio, A practical overview
of methodologies for sampling and analysis of microplastics in riverine environ-
ments, Sustain. (Switz. ) 12 (17) (2020) 6755.

O.M. Olarinmoye, F. Stock, N. Scherf, O. Whenu, C. Asenime, S. Ganzallo,
Microplastic Presence in Sediment and Water of a Lagoon Bordering the Urban
Agglomeration of Lagos, Southwest Nigeria, Geosciences 10 (12) (2020) 494.

Z. Han, J. Jiang, J. Xia, C. Yan, C. Cui, Occurrence and fate of microplastics from a
water source to two different drinking water treatment plants in a megacity in
eastern China, Environ. Pollut. 346 (2024) 123546, https://doi.org/10.1016/j.
envpol.2024.123546.

H.S. Auta, Bioremediation of Microplastic Using Microbes Isolated from Mangrove
Sediments, University of Malaysia, Malaysia, 2018.

K. Rana, N. Rana, Isolation and Screening of Plastic Degrading Bacteria from
Dumping Sites of Solid Waste, Int. J. Curr. Microbiol. Appl. Sci. 9 (7) (2020)
2611-2618.

A. Bakht, N. Rasool, S. Iftikhar, Characterization of plastic degrading bacteria
isolated from landfill sites (DOIL:), Int. J. Clin. Microbiol. Biochem. Technol.
(2020), https://doi.org/10.29328/journal.ijecmbt.1001013.

Z.M. Nademo, N.T. Shibeshi, M.T. Gemeda, Isolation and screening of low-density
polyethylene (LDPE) bags degrading bacteria from Addis Ababa municipal solid
waste disposal site “Koshe”, Ann. Microbiol. (2023), https://doi.org/10.1186/
§13213-023-01711-0.

S.S. Abuzahrah, A. Akhdhar, M.N. Baeshen, Studying the Impact of
Physicochemical Parameters in Marine Sediments, J. Pharm. Negat. Results 14
(2023).

P.M. Huang, S.L. Wang, Y.M. Tzou, Y. Huang, B. Weng, S. Zhuang, M.K. Wang,
Physicochemical and biological interfacial interactions: impacts on soil ecosystem
and biodiversity, Environ. Earth Sci. 68 (2013) 2199-2209.

M.C. Ogwu, E.F. Ahuekwe, D. Balogun, Z. Kwarpo, K.A. Shittu, S.C. Izah, Methods
for Assessing Soil Physicochemical and Biological Properties, Sustainable Soil
Systems in Global South, Springer Nature Singapore, Singapore, 2024, pp. 49-82.
R.V. Pouyat, K. Szlavecz, 1.D. Yesilonis, P.M. Groffman, K. Schwarz, Chemical,
physical, and biological characteristics of urban soils, Urban Ecosyst. Ecol. 55
(2010) 119-152.

J. Ge, M. Wang, P. Liu, Z. Zhang, J. Peng, X. Guo, A systematic review on the aging
of microplastics and the effects of typical factors in various environmental media,
TrAC Trends Anal. Chem. 162 (2023) 117025.

M. Naz, Z. Dai, S. Hussain, M. Tariq, S. Danish, I.U. Khan, S. Qi, D. Du, The soil pH
and heavy metals revealed their impact on soil microbial community, J. Environ.
Manag. 321 (2022) 115770.

E.O. Simeon, K.B.S. Idomo, F. Chioma, Physicochemical Characteristics of Surface
Water and Sediment of Silver River, Southern [jaw, Bayelsa State, Niger Delta,
Nigeria, Am. J. Environ. Sci. Eng. 3 (2) (2019) 39-46.

A.A. Adesuyi, M.O. Ngwoke, M.O. Akinola, K.L. Njoku, A.O. Jolaoso, Assessment
of physicochemical characteristics of sediment from Nwaja Creek, Niger Delta,
Nigeria, J. Geosci. Environ. Prot. 4 (01) (2016) 16.

K. Pandion, M.J.H. Dowlath, K.D. Arunachalam, O.H. Abd-Elkader, K.K. Yadav,
N. Nazir, R. Rajagopal, R.R. Mani, S. Jones, S.W. Chang, B. Ravindran, Seasonal
influence on physicochemical properties of the sediments from Bay of Bengal coast
with statistical approach, Environ. Res. 235 (2023) 116611.

R.T. Conant, M.G. Ryan, G.I. /B\gren, H.E. Birge, E.A. Davidson, P.E. Eliasson,
S.E. Evans, S.D. Frey, C.P. Giardina, F.M. Hopkins, R. Hyvonen, Temperature and
soil organic matter decomposition rates—synthesis of current knowledge and a way
forward, Glob. Change Biol. 17 (11) (2011) 3392-3404.

P. Dijkstra, S.C. Thomas, P.L. Heinrich, G.W. Koch, E. Schwartz, B.A. Hungate,
Effect of temperature on metabolic activity of intact microbial communities: evi-
dence for altered metabolic pathway activity but not for increased maintenance
respiration and reduced carbon use efficiency, Soil Biol. Biochem. 43 (10) (2011)
2023-2031.



H.S. Auta, M.A. Murtadha, G. Aruwa et al.

[63]

[64]

[65]

[66]

671

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

771

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

871

[88]

[89]

P.R. Hirsch, T.H. Mauchline, The importance of the microbial N cycle in soil for
crop plant nutrition, Adv. Appl. Microbiol. 93 (2015) 45-71.

W. Liao, D. Tong, Z. Li, X. Nie, Y. Liu, F. Ran, S. Liao, Characteristics of microbial
community composition and its relationship with carbon, nitrogen and sulfur in
sediments, Sci. Total Environ. 795 (2021) 148848.

A. Borowik, J. Wyszkowska, Soil moisture as a factor affecting the microbiological
and biochemical activity of soil, Rev. Environ. Sci. Bio/Technol. 13 (3) (2016),
https://doi.org/10.1007/511157-014-9340-8.

Y. Liu, C. Zhang, X. Liu, C. Li, A. Sheuermann, P. Xin, ... D.A. Lockington, Salt
transport under tide and evaporation in a subtropical wetland: Field monitoring
and numerical simulation, Water Resour. Res. 58 (5) (2022) e2021WR031530,
https://doi.org/10.1029/2021WR031530.

L.P. Knauth, Salinity history of the Earth’s ocean, Encyclopedia of geobiology,
Springer, Dordrecht, 2011, https://doi.org/10.1007/978-1-4020-9212-1_177.
S.E. Findlay, Organic matter decomposition, Fundamentals of ecosystem science,
Academic Press, 2021, pp. 81-102.

S.D. Kalev, G.S. Toor, The composition of soils and sediments, Green chemistry,
Elsevier, 2018, pp. 339-357.

E.O. Akindele, S.M. Ehlers, J.H.E. Koop, Freshwater microplastics: Quantifying
microplastic particles in rivers and lakes of Nigeria, Environ. Monit. Assess. 192
(2020) 31, https://doi.org/10.1007/s10661-019-7995-2.

M.A. Browne, T.S. Galloway, R.C. Thompson, Spatial patterns of plastic debris
along estuarine shorelines, Environ. Sci. & Technol. 44 (2011) 3404-3409,
https://doi.org/10.1021/es903784e.

A. Naji, Z. Esmaili, S.A. Mason, The occurrence of microplastics in surface waters
and sediments of the Persian Gulf and the Gulf of Oman, Environ. Sci. Pollut. Res.
24 (2017) 20460-20471, https://doi.org/10.1007/s11356-017-9584-4.

V. Hidalgo-Ruz, L. Gutow, R.C. Thompson, M. Thiel, Microplastics in the marine
environment: A review of the methods used for identification and quantification,
Environ. Sci. & Technol. 46 (2012) 3060-3075, https://doi.org/10.1021/
es2031505.

M. Cole, P. Lindeque, C. Halsband, T.S. Galloway, Microplastics as contaminants in
the marine environment: A review, Mar. Pollut. Bull. 62 (2013) 2588-2597,
https://doi.org/10.1016/j.marpolbul.2011.09.025.

S. Azaaouaj, D. Nachite, G. Anfuso, N. Er-Ramy, Abundance and distribution of
microplastics on sandy beaches of the eastern Moroccan Mediterranean coast,
Mar. Pollut. Bull. 2024 200 (2024) 116144.

S. Azaaouaj, N. Er-Ramy, D. Nachite, G. Anfuso, Presence, Spatial Distribution,
and Characteristics of Microplastics in Beach Sediments Along the Northwestern
Moroccan Mediterranean Coast, Water 17 (2025) 1646, https://doi.org/10.3390/
w17111646.

J. Buoninsegni, G. Anfuso, U. Tessari, V. Giro, E. Marrocchino, C. Vaccaro,
Seasonal and Cross-Shore Assessment of Large and Small Microplastics Collected
on the Ferrara Coast (Italy), Microplastics 5 (1) (2026) 15, https://doi.org/10.
3390/microplastics5010015.

H.S. Auta, C.U. Emenike, S.H. Fauziah, Distribution and importance of micro-
plastics in the marine environment: A review of the sources, fate, effects, and
potential solutions, Environ. Int. 102 (2017) 165-176, https://doi.org/10.1016/j.
envint.2017.02.013.

M.A. Walenna, Z.A. Hanami, R. Hidayat, A.D. Damayanti, S. Notodarmojo,

L. Caroles, Examining soil microplastics: prevalence and consequences across
varied land use contexts, Civ. Eng. J. 10 (4) (2024) 1265-1291.

N. Baycan, N. Alyiiriik, Y. Kazanci, C. Alpergiin, N. Kara, O. Giindiiz, Microplastic
Pollution and Risk Evaluation in the Gediz River, Turk. J. Fish. Aquat. Sci. 26 (3)
(2025).

M. Aljaradin, Biodegradation of Microplastics in Drinking Water, A review,
Sustain. Resour. Manag. J. 5 (1) (2020) 1-17.

R. Selvarajan, H. Ogola, C.M. Kalu, T. Sibanda, C. Obize, Bacterial communities in
informal dump sites: a rich source of unique diversity and functional potential for
bioremediation applications, Appl. Sci. 12 (24) (2022) 12862.

Y. Zhou, M. Kumar, S. Sarsaiya, R. Sirohi, S.K. Awasthi, R. Sindhu, P. Binod,

A. Pandey, N.S. Bolan, Z. Zhang, L. Singh, Challenges and opportunities in bior-
emediation of micro-nano plastics: A review, Sci. Total Environ. 802 (2022)
149823.

M. Bahram, F. Hildebrand, S.K. Forslund, J.L. Anderson, N.A. Soudzilovskaia,
P.M. Bodegom, P. Bork, Structure and function of the global topsoil microbiome,
Nature 560 (7717) (2018) 233-237.

1. Soffritti, M. D'Accolti, F. Bini, E. Mazziga, A. Volta, M. Bisi, S. Rossi, F. Viroli,
M. Balzani, M. Petitta, S. Mazzacane, E. Caselli, Characterization of the Pathogenic
Potential of the Beach Sand Microbiome and Assessment of Quicklime as a
Remediation Tool, Microorganisms 11 (8) (2023) 2031, https://doi.org/10.3390/
microorganisms11082031.

Y. Suzuki, H. Shimizu, T. Kuroda, Y. Takada, K. Nukazawa, Plant debris are hot-
beds for pathogenic bacteria on recreational sandy beaches, Sci. Rep. 11 (1)
(2021) 11496.

G.E. Udofia, I.G. Uba, A.O. Inyang-Enin, C.O. Ubiebi, E.S. Ntino, C.A. Etok,
Microbial abundance, diversity and physicochemistry of sediments of Iko River
Estuary, Akwa Ibom State, World J. Appl. Sci. & Technol. 14 (1) (2022) 18-29.
0.S. Odewumi, M.M. Quist, Analysis of Microbial load and Litter Characterisation
of Araromi Beach Sand, Ondo State, Nigeria, J. Appl. Sci. Environ. Manag. 29 (1)
(2025) 229-237.

L. Zifcakova, Factors affecting soil microbial processes, Carbon and nitrogen cy-
cling in soil, Springer Singapore, Singapore, 2019, pp. 439-461.

201

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[971

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

Environmental Pollution and Management 3 (2026) 185-201

C.D. Benavides Fernandez, M.P. Guzmén Castillo, S.A. Quijano Pérez, L.V. Carvajal
Rodriguez, Microbial degradation of polyethylene terephthalate: a systematic re-
view, SN Appl. Sci. 4 (10) (2022) 263, https://doi.org/10.1007/542452-02.2-
05143-4.

W. Guo, J. Duan, Z. Shi, X. Yu, Z. Shao, Biodegradation of PET by the membrane-
anchored PET esterase from the marine bacterium Rhodococcus pyridinivorans P23,
Commun. Biol. 6 (1) (2023) 1090.

R. Liu, H. Xu, S. Zhao, C. Dong, J. Li, G. Wei, G. Li, L. Gong, P. Yan, Z. Shao,
Polyethylene terephthalate (PET)-degrading bacteria in the pelagic deep-sea se-
diments of the Pacific Ocean, Environ. Pollut. 352 (2024) 124131.

N. Mohanan, Z. Montazer, P.K. Sharma, D.B. Levin, Microbial and Enzymatic
Degradation of Synthetic Plastics, Front. Microbiol. 11 (2020) 580709, https://
doi.org/10.3389/fmicb.2020.580709.

X. Qi, W. Yan, Z. Cao, M. Ding, Y. Yuan, Current Advances in the Biodegradation
and Bioconversion of Polyethylene Terephthalate, Microorganisms 10 (1) (2021)
39, https://doi.org/10.3390/microorganisms10010039.

S. Hooda, P. Mondal, Insights into the degradation of high-density polyethylene
microplastics using microbial strains: effect of process parameters, degradation
kinetics and modeling, Waste Manag. 164 (2023) 143-153.

K. Harshvardhan, B. Jha, Biodegradation of low-density polyethylene by marine
bacteria from pelagic waters, Arabian Sea, India, Mar. Pollut. Bull. 77 (1-2) (2013)
100-106.

L. Yang, Y. Zhang, S. Kang, Z. Wang, C. Wu, Microplastics in soil: A review on
methods, occurrence, sources, and potential risk, Sci. Total Environ. 780 (2021)
146546.

M.T. Hossain, M.A. Shahid, N. Mahmud, A. Habib, M.M. Rana, S.A. Khan,

M.D. Hossain, Research and application of polypropylene: a review, Discov. Nano
19 (1) (2024) 2.

H.A. Maddah, Polypropylene as a promising plastic: A review, Am. J. Polym. Sci. 6
(1) (2016) 1-11.

M. Potrykus, V. Redko, K. Glowacka, A. Piotrowicz-Cieslak, P. Szarlej, H. Janik,
L. Wolska, Polypropylene structure alterations after 5 years of natural degradation
in a waste landfill, Sci. Total Environ. 758 (2021) 143649.

J.M. Jeon, S.J. Park, T.R. Choi, J.H. Park, Y.H. Yang, J.J. Yoon, Biodegradation of
polyethylene and polypropylene by Lysinibacillus species JJY0216 isolated from
soil grove, Polym. Degrad. Stab. 191 (2021) 109662.

K. Wichatham, P. Piyaviriyakul, N. Boontanon, N. Surinkul, C. Visvanathan,

S. Fujii, S.K. Boontanon, Biodegradation of polypropylene plastics in vitro and
natural condition by Streptomyces sp. isolated from plastic-contaminated sites,
Environ. Technol. & Innov. 35 (2024) 103681.

L.E. Napper, R.C. Thompson, Environmental deterioration of biodegradable, oxo-
biodegradable, compostable, and conventional plastic carrier bags in the marine
environment, Mar. Pollut. Bull. 144 (2019) 248-256.

B. Gewert, M.M. Plassmann, M. MacLeod, Pathways for degradation of plastic
polymers floating in the marine environment, Environmental Science Processes &
Impacts 17 (9) (2015) 1513-1521.

A.M. Ronkvist, W. Xie, W. Lu, R.A. Gross, Cutinase-catalyzed hydrolysis of poly
(ethylene terephthalate), J. Appl. Polym. Sci. 114 (3) (2009) 1667-1674.

J. Arutchelvi, M. Sudhakar, A. Arkatkar, M. Doble, S. Bhaduri, P.V. Uppara,
Biodegradation of polyethylene and polypropylene, Indian J. Biotechnol. 7 (2008)
9-22.

V. Koutnik, F. Schmied, R. Weber, Enhanced biodegradation of polypropylene in
thermophilic compost: Microbial and physical characterizations, Int. Biodeterior.
& Biodegrad. 150 (2020) 105019.

A.-C. Albertsson, S. Andersson, S. Karlsson, The mechanism of biodegradation of
polyethylene, Polym. Degrad. Stab. 45 (1) (1994) 77-87.

M.J. Baker, J. Trevisan, P. Bassan, R. Bhargava, H.J. Butler, K.M. Dorling,

P.R. Fielden, S.W. Fogarty, N.J. Fullwood, K.A. Heys, C. Hughes, Using Fourier
transform IR spectroscopy to analyze biological materials, Nat. Protoc. 9 (8)
(2014) 1771-1791.

J.H. Kim, S.H. Lee, B.M. Lee, K.H. Son, H.Y. Park, Biodegradation potential of
polyethylene terephthalate by the two insect gut symbionts Xanthomonas sp. HY-
74 and Bacillus sp, HY75. Polym. 15 (17) (2023) 3546.

S.Y. Park, C.G. Kim, Biodegradation of micro-polyethylene particles by bacterial
colonization of a mixed microbial Treatment isolated from a landfill site,
Chemosphere 222 (2019) 527-533.

D. Ribitsch, S. Heumann, E. Trotscha, E. Herrero Acero, K. Greimel, R. Leber,

R. Birner-Gruenberger, S. Deller, I. Eiteljoerg, P. Remler, T. Weber, Hydrolysis of
polyethyleneterephthalate by p-nitrobenzylesterase from Bacillus subtilis,
Biotechnol. Prog. 27 (4) (2011) 951-960, https://doi.org/10.1002/btpr.610.
M.C. Celina, E. Linde, E. Martinez, Carbonyl identification and quantification
uncertainties for oxidative polymer degradation, Polym. Degrad. Stab. 188 (2021)
109550.

E.J. Okal, G. Heng, E.A. Magige, S. Khan, S. Wu, Z. Ge, J. Xu, Insights into the
mechanisms involved in the fungal degradation of plastics, Ecotoxicol. Environ.
Saf. 262 (2023) 115202.

K. Gutiérrez-Silva, N. Kolcz, M.C. Arango, A. Chéfer, O. Gil-Castell, J.D. Badia-
Valiente, Abiotic Degradation Technologies to Promote Bio-Valorization of
Bioplastics, Polymers 17 (23) (2025) 3222.

Y. Yang, J. Wang, M. Xia, E. Gao, H. Li, R. Wang, J. Geng, Biodegradation and
mineralization of polystyrene by plastic-eating mealworms: Enzymatic roles and
contribution of gut microbiota, Sci. Total Environ. 708 (2020) 135233, https://
doi.org/10.1016/j.scitotenv.2019.135233.



	Microplastic pollution and risk assessment in selected beaches in Lagos State, Nigeria and degradation using associated microbial assemblages
	1 Introduction
	2 Materials and methods
	2.1 Materials used in the study
	2.2 Study area
	2.3 Sample collection
	2.4 Extraction of microplastics
	2.5 Identification and characterization of microplastics
	2.6 Microplastics risk assessment
	2.7 Preparation of microplastics
	2.8 Bacteria isolation and identification
	2.8.1 Confirmation of isolated bacteria
	2.8.2 Quantification of isolated bacteria DNA

	2.9 Screening of isolates for biodegradation studies
	2.10 Biodegradation studies
	2.11 Determination of dry weight of the residual microplastics
	2.11.1 Determination of rate constant

	2.12 Fourier transform infrared (FTIR) analysis
	2.13 Scanning Electron Microscopy (SEM)
	2.14 Statistical analysis

	3 Results and discussion
	3.1 Physicochemical properties of beach Sediment
	3.2 Abundance and distribution of microplastics in beach sediments
	3.3 Microplastic risk assessment (pollution load index- PLI)
	3.4 Enumeration and identification of bacterial species in beach sediment
	3.5 Bacteria growth during the biodegradation study period of PET
	3.6 Biodegradation of PET microplastics (Weight Loss)
	3.7 Rate constant and half life of PET after biodegradation studies
	3.8 Growth pattern of isolates during 30-day PP biodegradation
	3.9 Biodegradation of polypropylene (PP)
	3.10 Rate constant and half-life of polypropylene (PP)
	3.11 FTIR analysis of biodegraded PET microplastics by Treatments A and B
	3.12 Scanning Electron Microscopy (SEM) of biodegraded PP and PET microplastics by treatments A and B

	4 Conclusion
	Authors agreement
	CRediT authorship contribution statement
	Declaration of Competing Interest
	References




