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ABSTRACT 
 
Microplastic pollution is adversely impacting the Amansea section of Ezu River in Anambra 
State, adversely affecting local aquatic life. This study examined microplastic pollution in 
the Amansea section of Ezu River, Anambra State. Water and fish samples (Xenomystus 
nigri, Malapterurus electricus, and Pelteobagrus fulvidraco) were collected from three 
sections of the river: upstream, midstream, and downstream. The physicochemical 
parameters of water: temperature, pH, TDS, EC, DO, alkalinity, and TSS, were measured 
using standard water analysis techniques, while microplastics were extracted and 
identified using Fourier transform infrared spectroscopy (FTIR). Statistical analysis 
revealed the highest microplastic levels at the upstream section of Ezu River (0.23 ± 0.12), 
with lower levels at the midstream and downstream sections (0.14 ± 0.16). The fish X. 
nigri had the highest microplastic load in gills (0.53 ± 0.08) and tissues (0.7 ± 0.04). 
Different microplastic types prevailed across locations and fish species: upstream water 
and M. electricus gills contained mostly polyvinyl alcohol, X. nigri gills predominantly had 
alginic acid sodium salt powder, and P. fulvidraco gills and fish tissues featured polyvinyl 
alcohol and polyacrylamide carboxyl, respectively. Neoprene was notably present in X. 
nigri tissues. Fish samples (0.41 ± 0.19) were more polluted than water samples (0.17 ± 
0.15). These findings highlight the presence of microplastic pollutants in the Ezu River and 
its potential impact on aquatic organisms. Hence, implementing strict regulations on 
plastic waste management, raising public awareness, and promoting sustainable practices, 
continued monitoring and research are recommended as essential and effective mitigation 
measures. 
 
Keywords: Microplastic pollution, Ezu River, Fish gills and tissues, Physicochemical parameters, Fourier 
transform infrared spectroscope 
 
INTRODUCTION 
 
The accumulation of plastic waste in the 
environment has become a growing concern for 
planetary health (Engler, 2012). Microplastics are 
synthetic pieces of plastic that measure less than 
5 mm in size and include fragments, fibres, and 
films. Microplastic pollution has become a major 

global environmental issue due to its abundance 
and widespread distribution in aquatic 
environments (Cole et al., 2011). This issue is of 
growing concern due to the increasing production 
and disposal of plastic products worldwide 
(Wright et al., 2013). Microplastics can enter the 
aquatic environment through a variety of 
sources, such as the breakdown of larger plastic 
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debris, microbeads in personal care products, 
and plastic fibres released during the washing of 
synthetic clothes (Galloway and Lewis, 2016).  

Once in the water, microplastics can be 
ingested by aquatic organisms such as fish, 
crustaceans, and zooplankton, which can lead to 
physical and chemical effects, such as reduced 
feeding rates, digestive problems, and decreased 
growth and reproduction (Cole et al., 2011). 
Moreover, microplastics can adsorb and 
accumulate persistent organic pollutants (POPs) 
such as polychlorinated biphenyls (PCBs) and 
polybrominated diphenyl ethers (PBDEs) from 
the water, which can increase their bioavailability 
and toxicity to aquatic organisms (Boucher and 
Friot, 2017). Unnikrishnan et al. (2023) also 
reported that microplastics have been released 
into the environment from a variety of sources, 
such as wastewater treatment plants (WWTPs), 
direct input from personal care products, textile 
manufacturing effluent, urban run-off, and tyre 
abrasion. The increasing prevalence of microplastics 
is believed to be responsible for numerous 
adverse impacts on aquatic ecosystems (Kabir et 
al., 2023).  

Microplastics can be ingested by humans 
and animals. They have been reported in 
seafood, drinking water, and even in the air we 
breathe. It is not yet clear how much of a health 
risk they pose, but some studies have suggested 
that ingesting microplastics could lead to 
inflammation, oxidative stress, DNA damage, 
metabolic disorder, organ dysfunction, neurotoxicity, 
immune response, as well as reproductive and 
developmental toxicity  (Qiao et al., 2019; 
Campanale et al., 2020; Li et al., 2023). Du et al. 
(2021) also reported that microplastics can 
absorb and concentrate toxins from the 
environment. For example, if a microplastic 
particle absorbs a toxic chemical like a pesticide 
or flame retardant, it can release that chemical 
into the body of an animal or human that ingests 
it. This may potentially lead to toxic effects such 
as cancer or reproductive problems. Furthermore, the 
accumulation of microplastics in aquatic 
ecosystems can also have cascading effects on 
food webs and ecosystem processes. The 
ingestion of microplastics by zooplankton 
consumption can lead to decreased grazing rates 
and altered energy transfer to higher trophic 

levels (Cole et al., 2011). Additionally, microplastics 
can affect the physicochemical properties of 
aquatic sediments, such as oxygen diffusion and 
nutrient cycling, leading to altered microbial 
communities and reduced ecosystem productivity 
(Lambert et al., 2017). 

The impact of microplastics on the 
aquatic environment has become an area of 
intense research due to their ubiquitous presence 
in marine, freshwater, and estuarine ecosystems 
(Priscilla et al., 2019). These particles have been 
shown to negatively impact various aquatic 
organisms, including plankton, fish, and marine 
mammals (Raju et al., 2022). Nigeria, like many 
other countries, is facing a significant challenge 
with microplastic pollution, with potential 
implications for both the environment and human 
health (Dumbili and Henderson, 2020). The 
sources of microplastics in Nigeria are diverse 
and complex. According to a study by Ibeto et al. 
(2023), the major sources of microplastics in 
Nigeria are plastic waste, domestic wastewater, 
and industrial effluent. Plastic waste is the most 
significant contributor, as a significant amount of 
plastic waste generated in Nigeria is either poorly 
disposed of or ends up in the aquatic ecosystem. 
Domestic wastewater and industrial effluent also 
contribute to the problem, as they contain 
microplastics from personal care products, 
cleaning agents, and industrial processes 
(Dumbili and Henderson, 2020). 

Several studies (Ilechukwu et al., 2019; 
Nwonumara et al., 2021; Fardami et al., 2023) 
have been conducted to assess the levels of 
microplastics in various environments in Nigeria. 
A study by Ilechukwu et al. (2019) analysed the 
levels of microplastics in sediments from three 
different locations in Lagos, Nigeria, and reported 
that all the sediments contained microplastics, 
with the highest concentration reported in the 
sediments from the Lagos Lagoon. The 
microplastics were reported to have negative 
impacts on the marine ecosystem, including 
bioaccumulation in fish and other marine 
organisms (Ilechukwu et al., 2019). Another 
study by Nwonumara et al. (2021) analysed the 
levels of microplastics in different segments of 
Ndibe, Cross River, Nigeria. The study reported 
that microplastics were present in all the water 
samples. The impacts of microplastics in Nigeria 
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are significant, both for the environment and 
human health. Microplastics have been reported 
to have negative impacts on the aquatic 
ecosystem, including bioaccumulation in fish and 
other aquatic organisms. This can have far-
reaching consequences, as these organisms are 
an essential source of food for humans. In 
addition, microplastics can release toxic 
chemicals and absorb pollutants, which can be 
harmful to human health when consumed. 
Microplastics in drinking water and food have 
been linked to health problems, such as 
inflammation, oxidative stress, and cell damage 
(Fardami et al., 2023). 

The decomposition rate of plastics in 
aquatic environments depends largely on the 
type or chemistry but generally persists for tens 
if not hundreds of years releasing monomers, 
oligomers [micro], and even nanoplastic material 
which impact the endocrine systems of 
organisms given their similar molecular structure 
compared with hormones inside living organisms 
which often leads to fatal physiological disorders, 
adding another layer of complexity given 
prolonged timeframes (Altunışık, 2023). Hence, 
the impact of microplastics on the aquatic 
environment is significant and requires urgent 
action. This study therefore evaluated the levels 
of microplastics in water and fish samples from 
the Amansea section of Ezu River, Anambra 
State, Nigeria. Specifically, the study determined 
the physicochemical properties, the level of 
microplastics, the types of microplastics, and the 
microplastic load in the gills and tissues of fish 
species from the Amansea section of Ezu River, 
in Anambra State and compared the 
microplastics in water and fish samples. 
 
MATERIALS AND METHODS 
 
Study Area: The study area was Amansea, a 
section of the Ezu River which is located in Awka 
North LGA, Anambra State, Nigeria. Amansea is 
situated within the Awka capital territory and is 
bounded by Awka Town to the south, Mamu 
Rivers and Ebenebe Town to the north, Mgbakwu 
to the west, and Ezinato/Ubibia stream to the 
east (Ezeonyejiaku et al., 2023). It is within the 
rainforest area of Nigeria and experiences an 
annual rainfall of 1000 – 1500 mm. Amansea has 

a latitude of 6°21'40" N and a longitude of 
6°51'38" E. The areas have typical semi-tropical 
rainforest vegetation, characterized by freshwater 
swamps. They have a humid climate with a 
temperature of about 30.6 ℃ (87 ℉) and a 
rainfall between 152 and 203 cm annually. The 
area has two distinct seasons: a wet season from 
April to October and a dry season from November 
to March (Nzoiwu et al., 2017). Amansea has 
experienced urbanisation which has led to a 
population increase. The increase in population is 
due to the influx of people to Awka capital 
territory after the creation of Anambra State in 
1991 and the proximity of the town to Awka, the 
seat of the government, the location of Nnamdi 
Azikiwe University, around the town also 
contributes to the increase in its population. 
Amansea consists of five villages Orebe, 
Amaowelle, Umuokpala, Ebeagu, and Okeukwa 
(Ezeonyejiaku et al., 2023). All the plastic waste, 
domestic wastewater, and industrial effluent 
generated in this area may end up in the Ezu 
River. The occupations of the people are mainly 
fishing, farming, crafting, itinerant trading, and 
civil servants (Okoye et al., 2023).  

Ezu River is a significant water body 
located in Anambra State, Nigeria. It is a tributary 
of the larger Anambra River, which plays a crucial 
role in the hydrology and ecology of the region 
(Figure 1). 
 

 
Figure 1: Map of Amansea showing Ezu River. 
(Source: NAU, 2023) 
 
Ezu River spans a length of approximately 120 
kilometres, flowing through several communities 
in Anambra State. The river serves as a vital 
water resource for local communities, supporting 
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various socio-economic activities such as fishing, 
agriculture, and transportation. It provides water 
for irrigation, domestic use, and livestock 
farming. The river also holds cultural and 
recreational value, as it is often used for 
traditional ceremonies and leisure activities 
(Ogbuagu et al., 2021). The area was chosen as 
it represents a section of the Ezu River with 
distinct geographical features and potential 
sources of pollution.  

 
Research Ethics: The study adhered to ethical 
guidelines for the ethical treatment of animals 
during capture, handling, and sample collection. 
Necessary permits were obtained from the 
Animal Research Committee of Nnamdi Azikiwe 
University, Awka. 
 
Experimental Design: A cross-sectional ecological 
survey was adapted for the study. The research 
data was gathered from a population or a 
representative subset at a specific point in time 
(Setia, 2016). This type of observational study is 
particularly effective for determining prevalence 
and association at a single moment, rather than 
over some time (Levin, 2006). Adopting a cross-
sectional approach for examining the presence of 
microplastics in the Ezu River is beneficial, as it 
allows for the assessment of the level of 
contamination through sample collection and 
data analysis concurrently (Shelton and Capel, 
1994). This snapshot can provide valuable insights 
into the environmental impact and potential 
health risks associated with microplastics in the 
river's ecosystem (Andrady, 2011), supporting 
the design's relevance to addressing the study's 
aims within the context of current environmental 
concerns. 
 
Sample Collection: The water samples were 
collected at each sampling point to ensure 
representativeness and account for spatial 
variability according to the method of 
Nwonumara et al. (2021). The fishermen were 
engaged to help in the collection of the fish 
samples. The fish were Xenomystus nigri, 
commonly known as African brown knife fish, 
Malapterurus electricus, commonly known as the  
 

electric eel, and Pelteobagrus fulvidraco, the 
yellow catfish. 
 
Laboratory Analysis: The physiochemical 
properties (temperature, pH, total dissolved 
solids (TDS), electrical conductivity (EC), 
dissolved oxygen (DO), alkalinity, and total 
suspended solids (TSS)) were analysed using 
standard methods according to APHA (2005) and 
Lusher et al. (2017) methods of analyses. The 
microplastic analysis of polyvinyl alcohol, 
neoprene, alginic acid sodium salt, and 
polyacrylamide carboxyl from the samples water 
and fish was done using a Fourier Transform 
Infrared Spectroscope (FTIR), equipped with a 
counting chamber on top of the object glass to 
identify and classify microplastic particles. The 
spectra of the samples were recorded using an 
ATR-FTIR spectrometer (Agilent Cary 630 FTIR 
Spectrometer) equipped with a single bounce 
diamond crystal and a deuterated triglycine 
sulphate detector (Hidalgo-Ruz et al., 2012; 
Löder and Gerdts, 2015; Fan et al., 2021).   
 
Quality Control and Validation:  Quality 
control measures were implemented by analysing 
triplicate samples and reference standards to 
assess the precision and accuracy of the FTIR 
imaging results. Care was taken to ensure that 
spectral interpretation aligns with established 
polymer identification standards. 
 
Statistical Analysis: The data obtained from 
the analysis of physiochemical parameters and 
microplastic concentrations were subjected to 
statistical analysis. Descriptive statistics (means, 
and standard deviations) were used to 
summarize the data. Student's t-test and Analysis 
of Variance (ANOVA), were performed to 
evaluate significant differences in microplastic 
concentrations between, wet and dry seasons, 
and sections, where there was a significant 
difference, the Duncan Multiple Range Test was 
used to separate the means at p<0.05. The 
results were presented in tables, and figures to 
facilitate data interpretation. All statistical 
analyses were conducted using Statistical 
Package for Social Sciences (SPSS) version 25. 
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RESULTS 
 
Physicochemical Parameters of the Amansea 
section of Ezu River, Anambra State: The 
physicochemical parameters of the Amansea 
section of the Ezu River, Anambra State are 
presented in Table 1. The table shows the 
analysed data for the downstream, midstream, 
and upstream. The data were analysed to 
ascertain patterns and variations among 
temperature, pH, TDS, EC, DO, alkalinity, and 
TSS. 
 
Temperature: The highest temperature value 
was recorded in the midstream section of the 
Amansea section of Ezu River (30.05 ± 0.64 0C), 
while the lowest temperature value was observed 
in the downstream section (29.37 ± 1.46 0C). The 
measured temperature values in the Amansea 
section of Ezu River fell within the United States 
Environmental Protection Agency (USEPA) 
acceptable range. However, there were no 
significant differences (p>0.05) between the 
temperature value records in the three sections 
of the river (Table 1). 
 
pH: The highest pH value was recorded in the 
downstream section of the Amansea section of 
Ezu River, with a measurement of 6.94 ± 0.01. 
On the other hand, the lowest pH value was 
observed in the Midstream section (6.47 ± 0.01) 
(Table 1). The measured pH values in the 
Amansea section of Ezu River fell within the 
USEPA acceptable range. There were significant 
differences (p<0.05) between the pH values 
recorded in the three sections of the river (Table 
1). 
 
Total dissolved solids (TDS): The result of the 
TDS content showed that the highest 
concentration was reported downstream (43.00 
± 1.41 mg/L), while the lowest was measured in 
the midstream section (15.50 ± 0.71 mg/L). The 
recorded TDS concentrations in the Amansea 
section of the Ezu River fell well below USEPA-
recommended limits. There were significant 
differences (p<0.05) between the TDS content 
recorded in the three sections of the river (Table 
1). 
 

Electrical conductivity (EC): The result of the 
EC showed that the highest value was recorded 
in the midstream section (22.65 ± 0.21 µS/cm). 
Meanwhile, the lowest EC value was observed in 
the upstream section (15.15 ± 0.07 µS/cm) 
(Table 1). The measured EC values in the 
Amansea section of Ezu River fell within the 
USEPA acceptable limit. However, there were 
significant differences (p<0.05) between the EC 
values recorded in the three sections of the river 
(Table 1). 
 
Dissolved oxygen (DO): The DO content 
exhibited its highest value in the downstream 
section (9.40 ± 0.14 mg/L). Conversely, the 
lowest DO concentration was recorded in the 
upstream section (7.10 ± 0.14 mg/L) (Table 1). 
The recorded DO concentrations in the Amansea 
section of Ezu River fell within the USEPA 
acceptable range. However, there were 
significant differences between the DO contents 
recorded in the three sections of the river (Table 
1). 
 
Alkalinity: The alkalinity levels were highest in 
the downstream section (50.00 ± 0.00 mg/L), 
whereas the lowest alkalinity was reported in the 
midstream section (43.00 ± 0.71 mg/L).  
 
Total suspended solids (TSS): The result in 
Table 1 showed that the TSS content was highest 
in the upstream section, measuring 3.74 ± 0.07 
mg/L. The lowest TSS concentration was 
observed in the downstream section (2.83 ± 0.09 
mg/L). Grand Valley State University (2023) 
reported a value of less than 20 mg/L as an 
acceptable limit. The measured TSS 
concentrations in the Amansea section of Ezu 
River fell within acceptable limits, indicating 
relatively low levels of suspended solids in the 
water. However, there were significant 
differences between the TSS contents recorded 
in the three sections of the river (Table 1).  
 
Level of Microplastics in Water from the 
Amansea section of Ezu River: The result of 
microplastics in water from the Amansea section 
of Ezu River showed that the highest microplastic 
pollution occurred upstream (0.23 ± 0.12 
particles/g), while the lowest was recorded in the  
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Table 1: Physicochemical parameters of Amansea section of Ezu River, Anambra State 
Parameters Sections  USEPA, 1963;  

WHO, 2017  Downstream  Midstream Upstream 
Temperature (˚C) 29.37 ± 1.457a 30.05 ± 0.636a 29.55 ± 0.919a 20 – 35 
pH 6.94 ± 0.014c 6.47 ± 0.014a 6.76 ± 0.00b 6.5-8.5 
TDS (mg/L) 43 ± 1.414b 15.5 ± 0.707a 16.5 ± 0.707a <500/1,000 
EC (Usm/cm) 17.25 ± 0.212b 22.65 ± 0.212c 15.15 ± 0.071a <1,200/ 
DO (mg/L) 9.4 ± 0.141c 8.1 ± 0.141b 7.1 ± 0.141a >5 
Alkalinity (mg/L) 50 ± 0.000b 43 ± 0.707a 48.75 ± 1.768b 100-200 
TSS (mg/L) 2.83 ± 0.088a 2.89 ± 0.013a 3.74 ± 0.066b <20 

 Row sharing different superscripts are significantly different at p<0.05 
 
midstream and downstream (0.14 ± 0.16 
particles/g) respectively (Figure 2). However, 
there were significant differences (p<0.05) in the 
microplastic levels recorded in the three sections 
of the river. 
 

 
Figure 2: The level of microplastics in water 
from the Amansea section of the Ezu River. The 
error bars represent  ±  SE of triplicate data 
obtained from the matching co-efficient of 
microplastic analysis from 200 samples in 
Agilent Cary  630 FTIR Spectrometer. Key: The 
bars having different letters are significantly different at 
p<0.05. 
 
Types of Microplastics in Water from the 
Amansea section of Ezu River: The types of 
microplastics present in the water from the 
Amansea section of the Ezu River are presented 
in Figures 3 – 5. The types of microplastic were 
identified using the highest matching coefficient 
from 200 spectra lines microplastics stored in 
Agilent Cary 630 FTIR Spectrometer.  
 
Microplastic in the upstream: Microplastic in 
the upstream section of Ezu-river showed that 
polyvinyl alcohol was prominent with a matching 
co-efficient of 0.70 (Figure 3). 
 
Microplastic in the midstream: Furthermore, 
the microplastic in the midstream section of Ezu 
River showed that polyvinyl alcohol was 
prominent with a matching co-efficient of 0.80 
(Figure 4). 
 

 
Figure 3: Microplastic reported upstream in the 
Amansea section of Ezu River, Anambra State 
 

 
Figure 4: Microplastic reported midstream of 
the Amansea section of Ezu River, Anambra 
State 
 
Microplastic in the down-stream: The 
microplastic in the down-stream section of Ezu 
River showed that polyvinyl alcohol was 
prominent with a matching co-efficient of 0.80 
(Figure 5). 
 

 
Figure 5: Microplastic reported downstream of 
the Amansea section of Ezu River, Anambra 
State  
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Microplastic load in the gills and tissues of 
Xenomystus nigri, Malapterurus electricus 
and Pelteobagrus fulvidraco from the 
Amansea section of Ezu River: The result of 
the microplastic load in the gills and tissues of X. 
nigri, M. electricus, and P. fulvidraco from the 
Amansea section of Ezu River showed that the 
highest load of microplastics in the gills of the fish 
species occurred in X. nigri (0.53 ± 0.08 
particles/g), followed by M. electricus (0.35 ± 
0.14 particles/g), while the lowest was obtained 
from P. fulvidraco (0.31 ± 0.15 particles/g) 
(Figure 6). There were significant differences 
(p<0.05) among the fish species. 
 

 
Figure 6: Microplastic load in the gills of X. nigri, 
M. electricus, and P. fulvidraco from the 
Amansea section of Ezu River, Anambra State. 
The error bars represent  ± SE of triplicate data 
obtained from the matching co-efficient of 
microplastic analysis from 200 samples in 
Agilent Cary 630 FTIR Spectrometer. Key: The 
bars having different letters are significantly different at 
p<0.05. 
 
Microplastics in the Gills of Fish: The type of 
microplastics identified in the gills and tissues of 
the fish samples were further presented in 
Figures 7 – 9.  
 
Microplastics in the gills of Xenomystus 
nigri: The microplastics recorded in the gills of 
X. nigri showed that Alginic acid sodium salt 
powder was predominant, with a matching co-
efficient of 0.88 (Figure 7). 
 
Microplastics in the gills of Malapterurus 
electricus: The microplastics recorded in the 
gills of M. electricus showed that polyvinyl alcohol 
was predominant with a matching co-efficient of 
0.85 (Figure 8). 
 
Microplastics in the gills of Pelteobagrus 
fulvidraco: The microplastics recorded in the 

gills of P. fulvidraco showed that polyvinyl alcohol 
was prominent with a matching co-efficient of 
0.83 (Figure 9). 
 

Figure 7: Microplastics reported in the gills of 
Xenomystus nigri from the Amansea section of 
Ezu River, Anambra State 
 

 
Figure 8: Microplastics reported in the gills of 
Malapterurus electricus from the Amansea 
section of Ezu River, Anambra State 

 

 
Figure 9: Microplastics reported in the gills of 
Pelteobagrus fulvidraco from the Amansea 
section of Ezu River, Anambra State 
 
Microplastics in the Tissues of Fish: The 
result of the study showed that the highest load 
of microplastics in the tissues of the fish species 
from the Amansea section of Ezu River occurred 
in X. nigri (0.7 ± 0.04 particles/g), followed by P. 
fulvidraco (0.37 ± 0.14 particles/g), while the 
lowest was obtained from M. electricus (0.21 ± 
0.16 particles/g) (Figure 10). There were significant 
differences among the fish species (p<0.05).  
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Figure 10: Microplastic load in the tissues of X. 
nigri, M. electricus, and P. fulvidraco from the 
Amansea section of Ezu River, Anambra State. 
The error bars represent  ± SE of triplicate data 
obtained from the matching co-efficient of 
microplastic analysis from 200 samples in 
Agilent Cary  630 FTIR Spectrometer. Key: The 
bars having different letters are significantly different at 
p<0.05 
 
The type of microplastics identified in the tissues 
of the fish samples were further presented in 
Figures 11 – 13.  

 
Microplastics in the tissues of Xenomystus 
nigri: The microplastics from the tissues of X. 
nigri showed that neoprene was prominent with 
a matching coefficient of 0.81 (Figure 11). 
 

 
Figure 11: Microplastics reported in the tissues 
of Xenomystus nigri from the Amansea section 
of Ezu River, Anambra State 
 
Microplastics in the tissues of Malapterurus 
electricus: Polyvinyl alcohol was identified as 
the prominent type of microplastic detected in 
the tissues of M. electricus. The matching 
coefficient for polyvinyl alcohol was 0.81 (Figure 
12). 
 
Microplastics in the tissues of Pelteobagrus 
fulvidraco: Polyacrylamide carboxyl was 
identified as the prominent type of microplastic 
in the tissues of P. fulvidraco. The matching 
coefficient for this particular microplastic was 
0.80 (Figure 13). 

 
Figure 12: Microplastics reported in the tissues 
of Malapterurus electricus from the Amansea 
section of Ezu River, Anambra State 
 

 
Figure 13: Microplastics reported in the tissues 
of Pelteobagrus fulvidraco from the Amansea 
section of Ezu River, Anambra State 
 
Comparing Microplastic Concentrations in 
Water and Fish Samples from the Amansea 
section of the Ezu River, Anambra State 
 
Microplastics reported in the gills and 
tissues of fish: The graphical representation 
demonstrates that X. nigri exhibited higher 
microplastic loads in its tissues (0.70 ± 0.04 
particles/g) compared to the gills. On the other 
hand, M. electricus showed higher concentrations 
of microplastics in the gills (0.35 ± 0.145 
particles/g) compared to the tissues (0.21 ± 0.16 
particles/g). Furthermore, P. fulvidraco had a 
higher concentration of microplastics in its tissues 
(0.37 ± 0.14 particles/g) than in the gills (0.31 ± 
0.15 particles/g) (Figure 14). However, there 
were significant differences (p<0.05) in the 
microplastic loads in the gills and tissues of the 
fish species in the Amansea section of the Ezu 
River. 
 
Microplastics in water and fish: The graphical 
representation of the data demonstrated 
significantly higher microplastic loads in fish 
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(0.41 ± 0.19 particles/g) compared to water 
(0.17 ± 0.15 particles/litre) from the Ezu River 
(Figure 15). There were statistically significant 
differences (p<0.05) between the microplastics 
in water and fish species. 
 

 
Figure 14: Graphical representation of 
microplastic loads in the tissues and gills of fish 
species. Key: *Significant mean at p<0.05 using t-test 
pairwise comparison 
 

 
Figure 15: Graphical representation of 
microplastic in water and fish. Key: *Significant 
mean at p<0.05 using t-test pairwise comparison 

 
DISCUSSION 
 
The study examined the physicochemical 
parameters of the Amansea section of the Ezu 
River in Anambra State. The findings of the study 
showed that there were temperature variations 
in the Amansea section of the Ezu River. 
Variations in river temperatures are not 
uncommon in tropical aquatic freshwater 
ecosystems. Several studies have explored the 
temperature profiles of rivers and their impact on 
aquatic ecosystems. Syvitski et al. (2019) studied 
the temperature regimes in various river systems 
and reported that temperature variations within 
a river can be attributed to factors such as 
weather conditions, flow rate, and geographic 
location. The observed temperature differences 
between the midstream and downstream 
sections of the Amansea section of the Ezu River 
may be due to local environmental factors and 

human activities along the riverbanks. The area 
is an active transportation route and is inhabited 
by humans on both sides of the riverbank. 
Furthermore, the measured temperature values 
in the Amansea section of the Ezu River fell within 
the acceptable range defined by the World Health 
Organization (WHO) and the Food and 
Agriculture Organization (FAO) (FAO, 2020; Iwar 
et al., 2021) This suggests that the temperature 
of the river is conducive for various aquatic 
organisms and activities such as fishing. Iwar et 
al. (2021) emphasized the importance of 
maintaining temperature conditions within 
acceptable limits for sustaining healthy aquatic 
ecosystems. They highlighted that deviations 
from these ranges can have adverse effects on 
fish populations and water quality. The fact that 
the Amansea section of Ezu River falls within the 
USEPA acceptable range is a positive sign for the 
maintenance of the ecological health of the river. 
Despite the observed differences in temperature 
between the sections, there were no significant 
differences among the temperature values 
recorded in the three sections of the river. This 
result suggests that although temperature 
variations were present, they did not deviate 
significantly from one another. 

The pH value in the Amansea section of 
the Ezu River exhibited significant variations 
between the three sections. The downstream 
section recorded the highest pH value, while the 
midstream section had the lowest value. These 
findings indicate differences in the acidity or 
alkalinity levels in different sections of the river. 
pH is a crucial parameter for assessing water 
quality as it affects the solubility of minerals, 
nutrient availability, and the survival of aquatic 
organisms (Omer, 2019). The USEPA 
recommends that pH levels for freshwater should 
be within the range of 6.5 – 8.5 to ensure the 
optimal function of biological processes (USEPA, 
1983). The measured pH values in the Amansea 
section of Ezu River fell within this acceptable 
range, indicating that the water was suitable for 
a variety of uses such as irrigation and drinking 
water supply. 

The TDS content in the Amansea section 
of the Ezu River exhibited significant differences 
among the three sections. The downstream 
section had the highest TDS concentration, 

* 
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whereas the midstream section had the lowest 
concentration. The variation in different TDS may 
be a result of the inflow of particles from the 
upstream of the river which leads to the 
accumulation of these particles. TDS refers to the 
total concentration of inorganic substances 
dissolved in water, including minerals, salts, and 
trace elements (Bhardwaj and Boora, 2023). The 
FAO suggests that TDS concentrations should be 
below 500 mg/L for agricultural purposes to 
ensure the absence of adverse effects on crops 
and soil (FAO, 2020). The WHO guideline for 
drinking water sets the acceptable limit for TDS 
at 1,000 mg/L (WHO, 2017). The recorded TDS 
concentrations in the Amansea section of the Ezu 
River fell well below these recommended limits, 
indicating that the water is suitable for various 
uses, including irrigation and consumption. 

The EC values in the Amansea section of 
the Ezu River show significant variations between 
the three sections. The Midstream section 
recorded the highest EC value, while the 
upstream section had the lowest value. EC is an 
important parameter used to estimate the total 
dissolved solids and salinity levels in the water. 
According to FAO, the EC of freshwater bodies 
should be less than 1,200 µS/cm to prevent 
adverse effects on fish and other aquatic 
organisms or crops and vegetation when used for 
irrigation in the mainland (FAO, 2020). However, 
the measured EC values in the Amansea section 
of the Ezu River fell within the acceptable limit, 
indicating that the water is suitable for 
agricultural purposes. These findings are 
consistent with the study conducted by Iwar et 
al. (2021), which reported similar EC values in 
rivers of the region known for their agricultural 
importance. 

The DO content in the Amansea section 
of the Ezu River exhibited significant variations 
among the three sections. The downstream 
section recorded the highest DO concentration, 
while the upstream section had the lowest 
concentration. DO is a critical parameter for 
assessing the health of aquatic ecosystems and 
the survival of aquatic organisms (Omer, 2019). 
The FAO recommends a minimum DO 
concentration of 5 mg/L for an optimal aquatic 
environment and to avoid oxygen deprivation in 
fish and other organisms (FAO, 2020). The 

recorded DO concentrations in the Amansea 
section of Ezu River fell within the acceptable 
range, indicating that the water provides a 
suitable habitat for aquatic life. This finding 
agreed with the report of Anyanwu et al. (2023) 
on the Anambra River, which reported similar DO 
levels that support diverse aquatic species. 

The analysis of alkalinity levels in the 
Amansea section of the Ezu River revealed 
significant variations between the three sections. 
The downstream section recorded the highest 
alkalinity level, while the midstream section had 
the lowest level. Alkalinity plays a crucial role in 
maintaining stable pH conditions in aquatic 
systems and supporting various biological 
processes (FAO, 2020). The measured alkalinity 
levels in the Amansea section of Ezu River fell 
within acceptable limits, suggesting that the 
water provided a suitable environment for 
aquatic life. Stable alkalinity levels contribute to 
the buffering capacity of water and support the 
survival of aquatic organisms. These findings 
align with studies conducted by Nwanna et al. 
(2022) and Anyanwu et al. (2023), which 
emphasize the importance of maintaining 
suitable alkalinity levels for the overall health and 
sustainability of aquatic ecosystems.  

The analysis of TSS content in the 
Amansea section of the Ezu River exhibited 
significant variations among the three sections. 
The upstream section recorded the highest TSS 
concentration, while the downstream section had 
the lowest concentration. The higher value may 
be a result of the direct acceptance of particles 
from runoff arising from nearby farmlands, and 
industrial and household effluents. TSS refers to 
particles or solids that are in suspension or 
floating in water. The measured TSS 
concentrations in the Amansea section of Ezu 
River fell within acceptable limits, indicating 
relatively low levels of suspended solids in the 
water. Low TSS concentrations are desirable as 
they can reduce the potential adverse effects on 
aquatic organisms, maintain water clarity, and 
minimise potential threats to the health of 
aquatic organisms (Vasistha and Ganguly, 2020). 
The findings of this study supported the findings 
of a study conducted by Anyanwu et al. (2023), 
which reported similar TSS concentrations in the 
Anambra River, located within the same region.  
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The levels of microplastics in the water 
from the Amansea section of the Ezu River 
indicated varying levels of microplastic pollutants 
in different sections of the river. Specifically, the 
highest concentration was observed in the 
upstream section, while both the midstream and 
downstream sections exhibited lower concentrations. 
This discrepancy in microplastic levels among the 
sections of the river suggests differences in 
potential input sources or transport mechanisms 
that warrant further investigation. This finding 
aligned with previous studies that have also 
reported variations in microplastic concentrations 
in different water bodies (Rowley et al. 2020; 
Talbot et al., 2022; Devereux, 2023). The study 
by Devereux et al. (2022) reported similar trends 
in microplastic pollution in various sections of the 
Thames River, with higher concentrations in 
upstream areas compared to downstream 
locations. This pattern can be attributed to 
factors such as proximity to urban centres, 
industrial activities, and prevailing water flow 
dynamics (Xu et al., 2021). 

Furthermore, the study identified distinct 
types of microplastics present in the water 
samples from the Amansea section of the Ezu 
River. This characterization was achieved by 
determining the sample with the highest 
matching coefficient. In the upstream section, 
the prevalent microplastic was polyvinyl alcohol, 
with a matching coefficient of 0.70. This specific 
identification of microplastic types is crucial for 
the understanding of their sources, potential 
environmental impacts, and effective mitigation 
strategies. The presence of polyvinyl alcohol in 
the upstream section of the Ezu River raises 
questions about its potential sources, 
implications, and impact on the ecosystem. 
Previous studies have identified polyvinyl alcohol 
as a common component in various consumer 
products, including textiles, adhesives, and 
packaging materials (Andrady, 2011). Therefore, 
its presence in the river water may be indicative 
of anthropogenic activities in the surrounding 
area, possibly linked to agricultural, industrial 
and (or) domestic sources. 

In the midstream section of Ezu River, 
the microplastic analysis revealed that polyvinyl 
alcohol was the predominant type, with a 
matching coefficient of 0.80. This finding 

suggests that polyvinyl alcohol is a significant 
component of the microplastic composition in this 
particular section of the river. This observation is 
consistent with previous studies that have also 
identified polyvinyl alcohol as a prevalent type of 
microplastic in aquatic environments. Enyoh et 
al. (2023) conducted a risk assessment of 
microplastics and potentially toxic elements 
(PTEs) in garri (cassava flake), a common staple 
food consumed in West Africa and reported the 
presence of polyvinyl alcohol as a major 
component of microplastics. Lim et al. (2022) 
suggested that this may be attributed to the 
widespread use of polyvinyl alcohol in various 
consumer products, which can ultimately lead to 
its release into the aquatic ecosystem. 

Similarly, in the downstream section of 
Ezu River, the microplastic analysis indicated that 
polyvinyl alcohol was the dominant type, with a 
matching coefficient of 0.80. The consistency of 
findings in both the midstream and downstream 
sections highlights the significance of polyvinyl 
alcohol as a prevalent microplastic in these areas 
(Lim et al., 2022; Enyoh et al., 2023). The 
presence of polyvinyl alcohol in both upstream, 
midstream and downstream sections raises 
important questions about potential sources and 
pathways of introduction into the river 
ecosystem. 

The presence of microplastic 
concentrations in the gills and tissues of X. nigri, 
M. electricus, and P. fulvidraco from the section 
of the Ezu River has been earlier reported that 
aquatic organisms ingest microplastics when 
present in their habitats (Lusher et al., 2013; 
Rochman, 2015). The range of microplastics 
reported in the fish species in this study, 
particularly in the gills, signifies potential health 
risks for these fish species, as well as their 
predators, which include humans (Rochman et 
al., 2015). The prevalence of Alginic acid sodium 
salt in the gills of X. nigri shares similarities with 
studies by Miranda-Peña and colleagues, who 
documented the occurrence of this type of 
microplastic in fish species from Tocagua Lake, 
Colombia (Miranda-Peña et al., 2023). Notably, 
alginic acid sodium salt is commonly used in the 
production of biodegradable materials, 
cosmetics, food and drink products, and 
pharmaceuticals (Hassabo and Mohamed, 2023). 
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Their presence may be indicative of their inflow 
from agricultural, domestic and industrial waste 
sources along the Ezu River. 

The prominent occurrence of polyvinyl 
alcohol in M. electricus and P. fulvidraco 
corroborates with earlier studies by Li et al. 
(2018) and Enyoh et al. (2023). Polyvinyl alcohol 
is commonly reported in a broad range of 
products, including paper coatings, textile 
finishing, and adhesive manufacturing (O'Brien et 
al., 2021). The detection of polyvinyl alcohol in 
the gills of these fish species possibly indicates 
an abundance of this pollutant in the 
environment. The differences in the types of 
microplastic pollutants reported among the fish 
species reflect variances in their feeding habits, 
habitats, and life strategies, as reported by Avio 
et al. (2015). The presence of these microplastics 
provides evidence of the overall pollution of the 
Ezu River, potentially originating from specific 
types of waste such as household, industrial, and 
perhaps even medical. 

Furthermore, the examination of the 
microplastic in the tissues of the fish species X. 
nigri, M. electricus, and P. fulvidraco from the 
Amansea section of Ezu River showed that the 
highest concentration was reported in X. nigri, 
compared to M. electricus and P. fulvidraco. This 
agrees with research by Lusher (2015) and 
Vandermeersch et al. (2015) who reported the 
presence of microplastics in various body tissues 
of fish species irrespective of their habitats or 
ecological roles. The identification of neoprene in 
the tissues of X. nigri was significant. Neoprene 
is a synthetic rubber produced by polymerization 
of chloroprene, commonly used in diverse 
applications such as automotive parts and 
wetsuits (Busvold, 2023). This detection may 
suggest a broad range of contamination from 
automobile repair centres in and around the Ezu 
River. Also, a continued indicator of polyvinyl 
alcohol presence, as reported in the tissues of M. 
electricus, supports the earlier reports of it being 
a cosmopolitan pollutant within the aquatic 
environment (Savoca et al., 2020; Ogbuagu et 
al., 2021). Polyvinyl alcohol is abundant in 
various commercial products and is released into 
the environment as waste (O'Brien et al., 2021), 
supporting its detection in M. electricus. The 
detection of polyacrylamide carboxyl modified in 

the tissues of P. fulvidraco, aligned with previous 
findings by Hermabessiere et al. (2017). 
Polyacrylamide carboxyl is a common plastic 
ingredient, often employed in water treatment 
systems, which subsequently releases such 
pollutants into the natural water bodies. Hence, 
the contamination may be indicative of improper 
waste management or treatment practices 
(Saravanan et al., 2022). The findings from the 
analysis of the fish tissues reaffirmed that distinct 
microplastic pollutants are linked with specific 
types of waste, reflecting the ecological and 
environmental realities of the Ezu River (Avio et 
al., 2015). 

The results of the study conducted in the 
Amansea section of Ezu River, Anambra State, 
indicated significant differences in the 
microplastic loads reported in the gills and tissues 
of different fish species (X. nigri, M. electricus, 
and P. fulvidraco). In X. nigri, the concentration 
of microplastics was higher in the tissues 
compared to the gills. Conversely, M. electricus 
exhibited higher microplastic concentration in the 
gills compared to the tissues. Additionally, P. 
fulvidraco displayed higher microplastic 
concentration in the tissues compared to the gills. 
These variations in microplastic loads between 
the gills and tissues of different fish species can 
be attributed to several factors. One possible 
explanation is the differences in the physiological 
roles played by these organs. The gills are 
primarily responsible for respiratory functions in 
fish, facilitating the exchange of gases such as 
oxygen and carbon dioxide with the surrounding 
water (Foyle et al., 2020). It is plausible that the 
gills, being in direct contact with water, may have 
a greater likelihood of encountering and 
accumulating microplastics present in the aquatic 
environment. On the other hand, fish tissues 
serve various functions, including digestion, 
metabolism, and reproduction (Moraes and de 
Almeida, 2020). The differences in microplastic 
accumulation observed between the gills and 
tissues may be due to variations in the rate of 
microplastic ingestion, assimilation, and 
clearance among fish species. Factors such as 
feeding behaviour, gut morphology, and 
metabolic rates can influence the extent to which 
microplastics are absorbed and retained within 
the tissues (Collard and Ask, 2021). Also, 
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variations in the surface properties of gills and 
tissues may contribute to the differences in 
microplastic concentrations observed. The 
structure of fish gills, with their extensive surface 
area and fine filaments, is well-suited for gas 
exchange but may also provide more surfaces for 
microplastic attachment (Au et al., 2019). In 
contrast, the composition and surface 
characteristics of fish tissues, including their 
higher lipid content, may not be conducive to 
microplastic adsorption (Sussarellu et al., 2016; 
Collard and Ask, 2021). 

Furthermore, the feeding behaviour of 
these fish species is likely to have contributed to 
the different accumulation of microplastics 
between their gills and tissues. For example, if a 
fish species primarily feeds on plankton, it may 
ingest more microplastics than a fish species that 
feeds on larger prey (Volkoff and Peter, 2006). 
Additionally, the type of feeding behaviour also 
plays a role in microplastic accumulation. Fish 
with filter-feeding habits tend to retain 
microplastics in their gills for longer periods, 
leading to higher concentrations in their tissues. 
On the other hand, fish with more active feeding 
behaviours such as predators tend to expel 
microplastics from their digestive system more 
frequently, resulting in lower concentrations in 
their tissues (Avio et al., 2015). The fish X. nigri, 
commonly known as the black-lined pike cichlid, 
is an omnivore, but with a leaning towards 
carnivorous behaviours. They feed on a diet rich 
in crustaceans, insects, and small fishes (Volkoff 
and Peter, 2006). This would explain the elevated 
accumulation of microplastics In its tissues as 
compared to gills. The particles consumed likely 
reside in the tissues due to long digestion cycles, 
and the extensive processing of food, which can 
lead to higher accumulation in the tissues 
(Rochman et al., 2013). 

M. electricus or electric eel, is 
predominantly a carnivore with a taste for 
invertebrates and small fishes (Albert and 
Crampton, 2009). Interestingly, the high 
concentration of microplastics in their gills 
compared to the tissues may be due to their 
ambush predatorial nature. The eels lurk in 
microplastic-polluted waters, breathing in water 
(and potentially microplastics) while waiting for 
prey, possibly leading to a higher pollution rate 

in their gills (Avio et al., 2015). P. fulvidraco, 
(yellowhead catfish), is a demersal omnivore, 
feeding on detritus, insects, and small fishes at 
the bottom of water bodies (Assan et al., 2021). 
Thus, the presence of higher concentrations of 
microplastics in the tissues compared to the gills 
can be a result of their feeding habits, as bottom 
dwellers are more likely to consume more 
microplastics. The feeding behaviour of P. 
fulvidraco exposes this species to a higher level 
of microplastics. Specifically, being bottom 
feeders, these fish possibly ingest settled 
microplastics along with their regular diet, 
causing a higher concentration of microplastics in 
their tissues (Lusher et al., 2013). Also, their 
feeding habit of sifting through sediments for 
food, where microplastics tend to accumulate, 
contributes to the inadvertent ingestion of these 
pollutants (Rochman, 2015). The higher 
accumulation of microplastics in tissues may be 
due to a longer retention time in the digestive 
tract where microplastics can be absorbed into 
their circulatory and lymphatic systems, hence 
ending up in body tissues. 

The examination of the microplastics in 
the Ezu River in Anambra State revealed striking 
disparities in microplastic loads between water 
and fish samples. The data highlights a 
substantial difference, with fish exhibiting 
significantly higher microplastic loads compared 
to water samples.  The study is in line with the 
study of Tien et al. (2020) who conducted a 
similar study on microplastics in fish from 
Fengshan River and reported elevated 
concentrations, emphasizing the ability of fish to 
accumulate microplastics from their environment. 
The study supports the notion that fish are 
susceptible to ingesting microplastics, potentially 
due to the ingestion of contaminated prey or 
direct exposure to microplastics in the water 
column (Tien et al., 2020). Moreover, the 
significantly higher microplastic loads in fish 
compared to water align with studies conducted 
by Rochman et al. (2015) in various marine 
environments. Rochman et al. (2015) 
demonstrated that microplastic concentrations in 
biota, including fish, are often higher than those 
in the surrounding water. This phenomenon is 
attributed to bioaccumulation and trophic 
transfer, where microplastics move up the food 
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chain as predator-prey interactions occur 
(Rochman, 2015). 
 
Conclusion: The findings of this study showed 
that the physicochemical parameters of the Ezu 
River in the Amansea section of Anambra State 
were below the recommended limits for USEPA 
and WHO on the physicochemical parameters of 
river/seawater. This showed that the water in this 
section of the Ezu River is conducive to 
supporting aquatic life and various activities such 
as fishing for domestic uses and irrigation. The 
analysis of microplastic pollution in the Amansea 
section of the Ezu River revealed variations in 
microplastic concentrations in different river 
sections. Polyvinyl alcohol was identified as the 
predominant type of microplastic, raising 
concerns about its sources and environmental 
implications. The presence of microplastics in fish 
gills and tissues indicates potential health risks 
for the fish species and their predators, including 
humans. The study also reported that fish species 
with different feeding habits exhibited different 
patterns of microplastic accumulation. Additionally, 
higher microplastic loads were observed in fish 
compared to water samples. This highlights the 
ability of fish to accumulate microplastics from 
their environment. These findings emphasize the 
need for effective waste management strategies 
to reduce microplastic pollution and protect the 
ecosystem of the Ezu River. Also, there is a need 
to encourage individuals to make sustainable 
choices and adopt eco-friendly alternatives to 
single-use plastics. 
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