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ABSTRACT

This study examined the presence, distribution, and characteristics of microplastics in
freshwater systems within Ilorin East Local Government Area, Kwara State, Nigeria. Water,
sediment, and aquatic plant samples were collected from Asa, Amule, Abattoir, and Agbadam
Rivers using standardized protocols with strict contamination control. Laboratory analysis
involved oxidative digestion, density separation, and Fourier Transform Infrared (FTIR)
spectroscopy to isolate and identify microplastics and determine polymer types. All rivers
contained microplastics, with Asa and Amule showing the highest concentrations, Abattoir
moderate levels, and Agbadam the lowest. Fibers were the most abundant morphotype,
followed by fragments, foams, films, beads, and pellets. Polypropylene (PP), polyethylene
(PE), and polyethylene terephthalate (PET) were the dominant polymers, reflecting common
plastic uses in packaging, textiles, and consumer goods. The detection of microplastics in
aquatic plants indicates potential bioaccumulation and ecological risks. Findings highlight
the influence of urban runoff, waste mismanagement, and human activities on microplastic
pollution, underscoring the need for improved waste control, regulation of single-use
plastics, and continuous environmental monitoring.

Keywords: Microplastics, Freshwater ecosystems, Morphotypes, Polymer identification,

*Corresponding author’s email: Mariam.gada@kwasu.edu.ng

INTRODUCTION century. Plastics, primarily composed of

synthetic polymers, are valued for their

Plastic pollution has become one of the durability, flexibility, and low cost.
most persistent and pervasive However, these same  properties
environmental challenges of the 21st contribute to their environmental
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persistence, particularly in aquatic
ecosystems [1]. Since the 1950s, global
plastic production has surged reaching
approximately 367 million metric tons
annually [2], with a significant portion
ending up in terrestrial and aquatic
environments due to poor waste
management practices.

Among the most concerning forms of
plastic pollution are microplastics; plastic
particles less than 5 mm in diameter. These
particles originate either as primary
microplastics, intentionally manufactured
for use in cosmetics, industrial abrasives
and plastic pellets [3], or as secondary
microplastics, resulting from the
breakdown of larger plastic items due to
environmental factors such as UV
radiation, mechanical abrasion, and
microbial activity [4]. Their small size and
chemical resilience allow them to infiltrate
ecosystems, posing risks to aquatic
organisms, plants and potentially humans
[5, 6].

Microplastics are now ubiquitous in
marine environments but freshwater
systems, especially in  developing
countries, remain underexplored [7]. In
Nigeria, rivers and streams are vital for
domestic, agricultural, and recreational
use, yet they are increasingly threatened
by urban runoff, industrial discharge, and
agricultural activities [8, 9]. Studies in
Lagos Lagoon and the Ogun River have
confirmed the presence of microplastics in
water, sediment, and fish tissues, raising
concerns about trophic transfer and
human exposure [10, 11].

[lorin East Local Government Area in
Kwara State exemplifies this challenge.
The region is characterized by rapid
urbanization, informal waste disposal, and
agricultural dependence, all of which
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contribute to microplastic contamination
in local rivers such as Asa, Abattoir, Amule,
and Agbadam. Asa River, in particular,
traverses densely populated zones and
receives runoff  from residential,
commercial, and industrial areas, making
it a hotspot for pollution [12, 13]. These
rivers serve as critical water sources for
surrounding communities, yet they are
frequently exposed to  untreated
wastewater, plastic litter, and sediment-
bound contaminants [14].

Recent studies have shown that
microplastics can be absorbed by aquatic
plants, potentially disrupting

photosynthesis and reducing crop yields
[15]. This raises concerns about food
safety and ecological health, especially in
agricultural communities that rely on river
water for irrigation. Moreover, the
presence of microplastics in sediments
and plant tissues suggests long term

environmental persistence and
bioaccumulation risks.
Globally, microplastic pollution has

prompted regulatory responses, including
bans on microbeads and increased
monitoring of wastewater treatment
plants [16]. However, in Nigeria, inland
freshwater systems remain poorly studied
and there is a lack of standardized
methods for sampling and analysis. This
gap hinders effective policy development
and environmental management. The
literature also highlights the need for
harmonized protocols and robust risk
assessments to guide policy and
management efforts [17].

This study aims to address that gap by
assessing the abundance, distribution, and
polymer composition of microplastics in
selected rivers within Ilorin East. By
analyzing water, sediment, and plant
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samples
Fourier Transform
spectroscopy, the research provides
baseline  data for  environmental
monitoring and policy development. The
findings will inform strategies to mitigate
microplastic  pollution and protect
freshwater resources in the region,
contributing to Sustainable Development
Goals (SDGs) 6 (Clean Water and
Sanitation) and 14 (Life below Water).

using stereomicroscopy and

Infrared  (FTIR)

MATERIALS AND METHOD

Study Area

The study was conducted in Ilorin East
Local Government Area, located within
Ilorin, the capital of Kwara State, Nigeria.
Geographically, Ilorin lies between
latitudes 8°24'N and 8°50'N and
longitudes 4°10’E and 4°36'E, covering an
estimated area of 100 km? [18].The city
lies within the transitional zone between
the forest and savannah ecological belts of
Nigeria, making it an area with a blend of
both vegetative characteristics [19]. As
one of the fastest growing cities in the
country, llorin has experienced rapid
urbanization, industrial development, and
population increase, all of which have
significantly impacted the city’s natural
resources particularly its freshwater
systems [20]. Among the most important
water bodies within the city are the Asa
River, Amule River, and Abattoir River, each
playing a unique role in the local hydrology
and each being subject to varying levels
and types of pollution. Asa River
(8°29'43.3" N, 4°33'53.6" E), Abattoir
River (8°31'42.1" N, 4°33'12.2" E), and
Amule River (8°30'52.1" N, 4°34'01.7" E)
were selected due to their high exposure to
urban runoff and industrial effluents. In
contrast, Agbadam River (8°28'29.1" N,
4°35'19.7" E) served as a control site,
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representing a less disturbed ecosystem
with minimal anthropogenic influence.

Methods of Sample Collection

Water, sediment, and aquatic plant
samples were collected from selected
rivers in Ilorin East, Kwara State, using
modified standard  protocols  for
microplastic monitoring [20,22,23,25].
Water samples were obtained using pre-
cleaned glass jars submerged below the
surface to capture buoyant particles
[22,23]. Sediment samples were collected
from the top 5 cm using stainless steel
scoops and pooled to reduce spatial
heterogeneity [22,23]. Aquatic plants such
as Eichhornia crassipes, Ricinus
communis, Datura stramonium and
Nuphar lutea were sampled from littoral
zones and wrapped in aluminum foil to
prevent contamination [22,25]. All
samples were handled using non synthetic
materials and stored under controlled
conditions [22,24].

Microplastic Recovery

Microplastics were recovered from water,
sediment and plant samples using a
combination of oxidative digestion,
density  separation, and filtration
techniques. Water samples were treated
with 30% hydrogen peroxide for 12 hours
to remove organic matter, followed by
density separation using Nacl solution
(1.5 g/cm?) and filtration through 0.45 pm
membrane filter paper [26,20]. Sediment
samples were dried, homogenized and

manually inspected for visible
microplastics [27,28]. Sediment was
processed using Nacl based density
separation, oxidative digestion, and

sequential filtration to maximize recovery
[29,30]. Plant samples were rinsed, dried
and digested in 10% KOH at 60 °C for 48
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hours, followed by Nacl separation and
FTIR-based polymer identification
[31,32]. All  procedures included
contamination controls such as non-
synthetic lab wear, glass equipment and
procedural blanks [32].

Microplastic Observation and
Identification
All 0.45pum membrane filter papers

obtained from the water filtration and
sediment density separation steps were
examined for microplastic particles under
a digital stereomicroscope (Andonstar
AD246SM, China) offering magnification
up to 5,000x. Microplastic identification
and classification were conducted
following morphological criteria
described by [22] and supported by the
visual identification protocols outlined by
[32]. Particles were examined wunder
controlled lighting conditions to enhance
contrast and minimize misidentification.
Only particles with uniform coloration, no
visible cellular structure, and resistance to
breakage or tearing under gentle probe
pressure were considered microplastics.

Identified microplastics were categorized
by shape into fragments, fibers, pellets,
films, foams, and beads. For water
samples, the total microplastic abundance
was determined by counting the number
of particles retained on each filter paper
and normalizing it to the volume of water

filtered. Results were expressed as
particles per liter (particles/L). For
sediment samples, the number of

microplastics particles identified from
each filter was normalized against the dry
weight of the sediment processed, and
results were reported as particles per
kilogram of dry sediment (particles/kg
dw).
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Microplastics Chemical Composition
Identification by FTIR analysis

The identification of polymer types of
microplastics recovered from water,
sediment, and plant samples was carried
out using Fourier Transform Infrared
(FTIR) spectroscopy, a widely accepted
analytical technique for characterizing the
chemical composition of plastic particles
based on their vibration spectra, as
adopted by [32]. FTIR analysis was
employed to confirm the synthetic
polymer nature of the particles initially
identified through physical and visual
inspection.

Data Analysis

Statistical analyses were performed using
the Statistical Package for the Social
Sciences SPSS  where  Microplastic
abundance data were summarized as
mean values *+ standard error (SE) for
each site and sample matrix (water,
sediment, and plants) to account for
variability within replicates. One-way
Analysis of Variance (ANOVA) was
employed to test significant differences in
microplastic concentrations among the
four river sites. Where the ANOVA
indicated significant variation, Duncan’s
multiple range test was applied as a post
hoc procedure to identify specific site-to-
site differences. Statistical significance
was determined at p < 0.05.
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RESULT

Abundance and Morphotypes of
Microplastics in Water and Sediment
Samples

International Journal of Applied Biological Research 2025

Table 1: Microplastic Abundance in Water Samples (particles/L)

Shapes/ Beads Fibre Film Foam Fragment Pellets
Sample location

Mean+SE ~ Mean+SE  Mean + SE Mean+SE  Mean+SE Mean + SE
Asa 223313182 44,67 £5.782 8.67 £ 2.032 9.67 £2.73> 3733 +2.602 13.33+491=
Abbattoir 10.00+1.53>  19.33+3.17> 7.67 £ 1.20b 533+1.86> 36.00+5.682 6.67+ 2.73b
Amule 21.67 £8.19a 56.00 £3.79a 11.00+1.73a 20.67 +4.852 22.33+ 240> 11.00 +3.21a
Agbadam(Control) 3.67 + 2.33b 11.67 £ 2.40> 3.00 + 1.53b 1.00 £ 0.58>  7.67 +2.40¢ 0.67 £ 0.33b

Note: Values are Mean + Standard error (n=12 samples), values with the same superscript are not statistically different

along the column(p<0.05)

Microplastics were detected in all water
samples, with concentrations ranging
from 0.67 + 0.33 to 46.00 + 5.29
particles/L. Asa River recorded the
highest abundance, followed by Amule and
Abattoir. Agbadam, the control site,
showed significantly lower levels.

Sediment samples revealed even higher
microplastic concentrations than water.
Amule River had the highest sediment
contamination (56.00 + 3.79
particles/kg), followed by Asa and
Abattoir. Agbadam had the lowest (Table
1,2).

Table 2: Microplastic Abundance in Sediment Samples (particles/kg)

Note: Values are Mean + Standard error(n=12 samples), values with the same superscript are not statistically different

along the column(p<0.05)
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Correlation Analysis of Microplastic Types

Correlation analysis revealed strong
positive relationships among microplastic
types. In water samples, beads and
fragments (r = 0.98), and pellets and
fragments (r = 0.96) showed high
correlation. In sediment, beads and pellets
(r=0.97), and fibers and foams (r = 0.94)
were strongly associated (Fig. 1,2).
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for polyethylene (PE). Fig. 4 shows FTIR
spectrum of microplastic from Abattoir
River, which is a typical pattern for
Polypropylene (PP). Fig. 5 shows FTIR
spectra of microplastic from Amule River
which is a typical pattern for
polypropylene (PP). Fig. 6 shows FTIR
spectrum of  microplastic from
Agbadam(control site) which is a typical
pattern for polyethylene terephthalate
(PET),Fig.7 shows FTIR spectrum of

- e - . microplastic from Asa River which is a
I - B typical pattern for Polypropylene (PP)
. . Fig.8 shows FTIR spectrum of microplastic
from Abattoir River, which is a typical
1 pattern for Polypropylene (PP). Fig.9
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Fig.1: Corelation heat map of water
samples

Fig2: Correlation heatmap of sediment
samples

shows FTIR spectra of microplastic from
Amule River which is a typical pattern for
polypropylene (PP). Fig. 10 shows FTIR
spectrum of microplastic from
Agbadam(control site) which is a typical
pattern for polypropylene (PP). Fig. 11
shows FTIR spectrum of microplastic from
Asa River which is a typical pattern for
Polypropylene (PP). Fig. 12 shows FTIR
spectrum of microplastic fromAbattoir
river, which is a typical pattern for
Polypropylene (PP). Fig. 13 shows FTIR

Shapes/ Beads Fibre Film Foam Fragment Pellets
Sample location

Mean + SE Mean + SE Mean £ SE  Mean +SE Mean + SE Mean + SE
Asa 1033 +3.71a 26.67 + 4.482 26.00 £3.212  13.33+7.832  46.00 +5.292  19.66 £+ 7.312
Abbattoir 5.00 £ 1.002 40.00 £ 3.602 40.00+ 4.372  7.33 £ 1.452 32.67+ 2402  7.67 +£2.9072
Amule 9.00 + 4.162 36.33 £ 6.982 3633+ 5842 5.00+0.572 40.00+6922 11.67 +4.052
Agbadam(Contro) 0.67+ 0.332 1.67 £ 0.67° 1.67 £ 1.67° 1.67 £1.672  13.67 £3.71»  0.00 £+ 0.00>

Polymer Composition via Fourier
Transform Infrared Spectroscopy (FTIR)

spectra of microplastic from Amule River
which is a typical pattern for
polypropylene (PP). Fig. 14 shows FTIR
Fig.3 shows FTIR spectrum of microplastic spectrum of microplastic from

from Asa River which is a typical pattern
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Agbadam(control site) which is a typical

pattern for polypropylene (PP).
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Fig. 3. Water FTIR
microplastic from Asa river

Fig. 4. Water FTIR
microplastic from Abbattoir
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Fig. 5. Water FTIR spectrum
microplastic from Amule
Fig. 6. Water FTIR spectrum

microplastic from Agbadam

Fig. 7. Sediment FTIR spectrum
microplastic from Asa river
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Fig. 8. Sediment FTIR spectrum
microplastic from Abbattoir
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Fig. 9. Sediment FTIR spectrum of
microplastic from Amule river

Fig. 10. Sediment FTIR spectrum
microplastic from Agbadam
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Fig. 12. Plant FTIR spectrum of
microplastic from Abbattoir

Fig. 13. Plant FTIR spectrum of
microplastic from Amule
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Fig. 14 Plant FTIR spectrum of
microplastic from Agbadam
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DISCUSSIONS

This study confirms the pervasive
presence of microplastics in freshwater
systems across llorin East Local
Government Area. All four sampled rivers
contained measurable levels of
microplastics in water, sediment and plant
samples. The spatial distribution revealed
a clear pollution gradient, with Asa and
Amule Rivers exhibiting the highest
concentrations, followed by Abattoir,
while Agbadam, the control site, recorded
the lowest levels. Asa River, which flows
through densely populated
neighborhoods such as Amilengbe and
Unity Road, is heavily impacted by urban
runoff, market refuse, and poorly managed
waste disposal. Akanbi-Gada et al (2021)
investigated microplastic contamination
in aquatic ecosystems of Kwara State and
highlighted the influence of urbanization
and poor waste infrastructure on
microplastic accumulation, which aligns
with the findings of this study. Amule
River, similarly affected by shops, markets,
and residential waste, showed elevated
levels of foam and film particles. These
morphotypes are typically associated with
expanded polystyrene (EPS) food
containers and plastic bags, which are
common in roadside trading and domestic
use [33]. The presence of microplastics in
Amule’s aquatic plants further suggests
that these particles are not only suspended
in water but also interacting with
biological systems, potentially entering
the food chain [31]. Abattoir River’s
moderate contamination appears to stem
from a mix of slaughterhouse waste,
agricultural runoff and domestic effluents
[21]. Meanwhile, Agbadam’s relatively low
microplastic levels support the hypothesis
that less disturbed ecosystems with
minimal human interference tend to have
cleaner water bodies [9].
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Across all sites, fibers emerged as the most
dominant microplastic type. These likely
originate from synthetic textiles shed
during laundry, airborne deposition and
degraded fishing gear [6]. Their presence
even in Agbadam highlights the mobility of
microplastics, which can travel long
distances via wind and water currents.
Fragments, the second most abundant
type, result from the breakdown of larger
plastic items such as bottles and
containers [21]. Foams and films were also
detected particularly in Amule and
Abattoir Rivers linked to food packaging
and agricultural plastics [34]. Beads and
pellets, though less common, were found
in multiple samples and are associated
with personal care products and industrial
processes [3].

FTIR analysis confirmed the presence of
three dominant polymers: polypropylene
(PP), polyethylene (PE), and polyethylene
terephthalate (PET). PP was most
prevalent especially in sediment and plant
samples reflecting its widespread use in
packaging and woven sacks [35]. PE,
common in water samples, is linked to
carrier bags and agricultural mulch films
[36]. PET, found primarily in water and
sediment originates from beverage bottles
and synthetic textiles [37]. These
polymers are known for their durability
and resistance to degradation,
contributing to their environmental
persistence and ecological impact.

The detection of microplastics in aquatic
plants such as FEichhornia crassipes,
Ricinus communis, and Datura
stramonium suggests uptake through root
systems and biofilms [31]. This raises
concerns about trophic transfer especially
in agricultural communities that rely on
river water for irrigation. Correlation
analysis revealed strong associations
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among several microplastic types,
particularly between beads and pellets,
and fibers and films. These relationships
suggest shared pollution sources such as
domestic packaging, market refuse and
industrial runoff [33]. Fragments showed
weaker correlations, indicating more
diverse origins from environmental
degradation [38].

In a broader context, the pollution levels
observed in llorin East are comparable to
moderately impacted systems like
Dongting Lake in China and Lagos Lagoon
in Nigeria but lower than heavily
industrialized rivers such as the Huangpu
and Rhine [39, 40]. This places Ilorin East’s
freshwater systems in a moderate to high
pollution category, signaling the need for
ongoing environmental monitoring and
stronger waste management strategies.

In light of these findings, several practical
recommendations are proposed. Firstly,
improving urban waste management is
essential to reduce plastic input into
rivers. This includes better collection
systems and public awareness campaigns.
Also, regulating single wuse plastics,
especially polystyrene food containers
and plastic bags, can help limit the most
common sources of microplastic pollution.
In addition, community led river cleanups
and educational outreach can foster
environmental responsibility and reduce
littering. Lastly, establishing microplastic
monitoring programs in collaboration
with local universities and environmental
agencies will support long-term data
collection and policy development.

REFERENCES
1. Villarrubia, M. Loépez, A., &

Gonzalez, ]. (2018). Environmental
persistence of synthetic polymers

31

International Journal of Applied Biological Research 2025

in aquatic systems. Journal of
Environmental Chemistry, 15(4),
205-213.
https://doi.org/10.1016/j.envche
m.2018.04.005

. Akanbi-Gada, O.S., Olaniyan, A. 0., &

Adebayo, O.S. (2021). Plastic waste
generation and management in
Nigeria: Trends, challenges, and
prospects. Nigerian Journal of
Environmental Sciences, 15(2), 45-
56.

Schmidt, C., Krauth, T,, & Wagner, S.
(2021). Export of plastic debris by
rivers into the sea. Environmental
Science & Technology, 51(21),
12246-12253.
https://doi.org/10.1021/acs.est.7
b02368

Coézar, A., Echevarria, F, Gonzalez-
Gordillo, J. I, et al. (2021). Plastic
debris in the open ocean.
Proceedings of the National
Academy of Sciences, 111(28),
10239-10244.
https://doi.org/10.1073/pnas.131
4705111

Hazin, F. H,, Silva, M. A., & Santos, M.
N. (2020). Microplastics and
aquatic life: A growing concern.
Journal of Marine Biology and
Oceanography, 9(2), 78-85.

Zhao, S., Zhu, L, & Li, D. (2020).
Microplastic uptake by aquatic
plants and its effects on
photosynthesis. Environmental
Science & Technology, 54(7), 4225~
4233.
https://doi.org/10.1021/acs.est.9
b07269

Eerkes-Medrano, D., Thompson, R.
C., & Aldridge, D. C. (2015).
Microplastics in freshwater
systems: A review of the emerging
threats, identification methods, and
future directions. Water Research,



Akanbi-Gada et al.

10.

11.

12.

13.

75, 63-82.
https://doi.org/10.1016/j.watres.
2015.02.012

[lechukwu, 1., Okoye, C. 0., &
Nwankwo, C. (2022). Sources and
impacts of microplastics in
Nigerian rivers. Nigerian Journal of
Environmental Protection, 18(1),
22-30.

Enyoh, C. E., Verla, A. W.,, & Verla, E.
N. (2021). Microplastic pollution in
Nigeria: Current status and future

perspective. Environmental
Science and Pollution Research,
28(3), 3125-3140.

https://doi.org/10.1007 /s11356-
020-10658-9

Akindele, E. O., Ehlers, S. M., & Koop,
J]. H. E. (2020). Freshwater
microplastics in Lagos Lagoon and
Ogun River, Nigeria: Abundance,
characteristics, and ecological
risks. Environmental Pollution,
263, 114-1109.
https://doi.org/10.1016/j.envpol.
2020.114119

Ololade, I. A., Akinyemi, O. D., & Ojo,
T. 0. (2024). Microplastic
contamination in Lagos Lagoon:
Implications for aquatic life and
human health. Nigerian Journal of
Environmental Research, 20(1),
14-26.

Akintade, O. A, Yusuf, M. T, &
Afolayan, T. 0. (2022). Urban runoff
and pollution hotspots in Ilorin
metropolis: A geospatial analysis.

Journal of Environmental
Management and Sustainability,
9(1), 33-42.

Olaniyan, A. 0. (2025). Assessment
of plastic waste pathways in Ilorin
East (Unpublished MSc thesis).
University of Ilorin.

14. Nwachukwu, M. A,, Olayinka, O. O,,

& Adebayo, A. A. (2021). Sediment-

32

International Journal of Applied Biological Research 2025

bound contaminants in urban
rivers of Kwara State. Journal of
Environmental Hydrology, 29(3),
55-64.

15. Sarmila, S., & Chandrasekaran, R.
(2025). Impact of microplastics on
crop yield and soil health.
International Journal of
Agricultural Sustainability, 13(2),
101-110.
https://doi.org/10.1080/1473590
3.2025.1010110

16.United  Nations  Environment
Programme  (UNEP). (2022).
Turning the tide on plastic: A global
assessment of microplastic
pollution. Nairobi: UNEP.
https://www.unep.org/resources/
report/turning-tide-plastic

17. Aragaw, T. A. (2021). Microplastic
pollution in African inland waters:
A review of current knowledge and
future research directions.
Environmental Reviews, 29(4),
456-470.

18.Idrees, M. 0. Adepoju, B. D,
Ipadeola, A. O., Omar, D. M., Alade, A.
K., & Salami, L. B. (2022). Evaluating
urban sprawl and land
consumption rate in Ilorin
Metropolis using multitemporal
Landsat imagery. Environmental
Technology and Science Journal,
12(2), 44-58.
https://doi.org/10.5281/zenodo.1
234567

19. Habeeb, L. A., Adebayo, A. A, &
Olaniran, H. D. (2016). Vegetation
dynamics and ecological zones in
Kwara State. Nigerian Journal of
Ecology, 18(1), 33-45. (DOI not
available — local journal)

20.Agaja, T. M., &Towobola, D. O.
(2022). Impact of urban land use
on rainwater quality: Case study in
[lorin Metropolis, Nigeria. Journal



Akanbi-Gada et al.

21.

22.

23.

24,

of Environmental Geology, 11(2),
44-58.
https://doi.org/10.14232 /jengeo?2
02244124

Masura, J., Baker, J. E., Foster, G. D,,
Arthur, C., & Herring, C. (2015).
Laboratory methods for the
analysis of microplastics in the
marine environment:
Recommendations for quantifying
synthetic particles in waters and
sediments (NOAA Technical
Memorandum NOS-OR&R-48).
National Oceanic and Atmospheric
Administration.
https://marinedebris.noaa.gov/sit
es/default/files/publications-
files/noaa_microplastics_methods_
manual.pdf

Imhof, H. K., Laforsch, C., Wiesheu,
A. C, Schmid, ], Anger, P. M,
Niessner, R., &lvleva, N. P. (2013).
Pigments and plastic in limnetic
ecosystems: A qualitative and
quantitative study on microplastic
contamination in  freshwater
systems. Environmental Science &
Technology, 47(7), 3574-3581.
https://doi.org/10.1021/es40066
3f

Scircle, A., Cizdziel, ]. V., &Missling,
K. (2020). Microplastics in stream
sediments and floodplain soils in
the southeastern United States.
Environmental Science &
Technology, 54(15), 9267-9275.
Cowger, W,, Booth, A. M., Hamilton,
B. M, Thaysen, C., Primpke, S,
Munno, K., Lusher, A. L., Dehaut, A,,
Vaz, V. P, Liboiron, M., Devriese, L. .,
Hermabessiere, L., Rochman, C. M,,
Athey, S. N., Lynch, ]J. M., De Frond,
H., Gray, A, Jones, O. A. H., Brander,
S., Steele, C., Moore, S., Sanchez, A,
& Nel, H. (2020). Reporting
guidelines to increase the

33

25.

26.

27.

28.

29.

International Journal of Applied Biological Research 2025

reproducibility and comparability
of research on microplastics.
Applied  Spectroscopy, 74(9),
1066-1077.

Liebezeit, G., &Dubaish, F. (2012).
Microplastics in beaches of the East
Frisian Islands. Spixiana, 35(1),
77-82.

Hanvey, |. S., Lewis, P. ]., Lavers, ]. L.,
Crosbie, N. D., Pozo, K., & Clarke, B.
0. (2017). A review of analytical
techniques for quantifying
microplastics in environmental
samples. TrAC Trends in Analytical
Chemistry, 91, 85-95.
https://doi.org/10.1016/j.trac.201
7.03.010

Wagner, M., Scherer, C., Alvarez-
Muiioz, D., Brennholt, N., Bourrain,
X., Buchinger, S., &Reifferscheid, G.
(2017). Microplastics in freshwater
ecosystems: What we know and

what we need to know.
Environmental Sciences Europe,
29, Article 12.

https://doi.org/10.1186/s12302-
017-0129-7

Coppock, R. L., Cole, M., Lindeque, P.
K., Queiros, A. M., & Galloway, T. S.
(2017). A small-scale, portable
method for extracting
microplastics from marine
sediments. Environmental
Pollution, 230, 829-837.
https://doi.org/10.1016/j.envpol.
2017.07.017

Pfeiffer, F, & Fischer, E. K. (2020).
Various digestion protocols within
microplastic sample processing—
Evaluating the resistance of
different synthetic polymers and
the efficiency of biogenic organic
matter destruction. Frontiers in
Environmental Science, 8, 572424.
https://doi.org/10.3389 /fenvs.20
20.572424



Akanbi-Gada et al.

30.

31.

32.

33.

34.

35.

Mateos-Cardenas, A., O’Halloran, .,
van Pelt, F. N. A. M,, & Jansen, M. A.
K. (2020). Rapid fragmentation of
microplastics by the freshwater
amphipod Gammarus duebeni.
Scientific Reports, 10(1), 12799.
https://doi.org/10.1038/s41598-
020-69889-w

Lusher, A. L., Welden, N. A,, Sobral,
P, & Cole, M. (2017). Sampling,
isolating and identifying
microplastics ingested by fish and
invertebrates. Analytical Methods,
9(9), 1346-1360.
https://doi.org/10.1039/C6AY024
15G

Singh, S. K., & Varsha, V. (2025).
Microplastics in freshwater
ecosystems: Sources, transport and
ecotoxicological impacts on aquatic
life and human health.
Environment and Ecology, 43(1A),
289-295.

Idowu, O. A. Afolabi, O. T, &
Olayemi, A. B. (2024). Why Nigeria
should ban single-use plastics:
Excessive microplastic pollution of
the water, sediments and fish
species in Osun River, Nigeria.
Hazardous Advances, Article
1004009.

Yalwaji, B., John-Nwagwu, H. O,
&Sogbanmu, T. 0. (2022). Plastic
pollution in the environment in
Nigeria: A rapid systematic review.
Scientific African, 16, e01220.
Ololade, I. A., Apata, A., Oladoja, N.
A., Alabi, B. A, & Ololade, O. O.
(2024). Microplastic particles in
river sediments and water of
southwestern Nigeria: Insights on
the occurrence, seasonal
distribution, composition, and

34

36.

37.

38.

39.

40.

International Journal of Applied Biological Research 2025

source apportionment.
Environmental Science and
Pollution Research, 31, 31118.
Bhardwaj, L. K., Rath, P, Yadav, P, &
Gupta, U. (2024). Microplastic
contamination, an emerging threat
to the freshwater environment: A
systematic review. Environmental
Systems Research, 13, Article 8.
https://doi.org/10.1186/s40068-
024-00338-7

Sarijan, S., Azman, S., Said, M. 1., &
Ismail, A. (2021). Microplastics in
freshwater ecosystems: A review of
occurrence, transport, fate, and
impacts. Environmental Pollution,
274, 116498.
https://doi.org/10.1016/j.envpol.
2021.116498

Oluberu-Bakare, O. A., & Adebayo, S.
0. (2025). Seasonal dynamics of
microplastics in Ogun River:
Morphotypes and polymer
identification. Journal of Nigerian
Water Quality, 18(1), 73-85.

Jiang, C,, Yin, L., Wen, X,, Du, C., Wu,
L, Long, Y, et al. (2018).
Microplastics in sediment and
surface water of West Dongting
Lake and South Dongting Lake:
Abundance, source and
composition. International Journal
of Environmental Research and
Public Health, 15(10), 2164.
https://doi.org/10.3390/ijerph15
102164

Mani, T, Hauk, A, Walter, U, &
Burkhardt-Holm, P. (2015).
Microplastics profile along the
Rhine River. Scientific Reports, 5,
17988.
https://doi.org/10.1038/srep179
88



https://doi.org/10.1038/srep17988
https://doi.org/10.1038/srep17988

