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Abstract

Microplastics and heavy metals are co-occurring aquatic contaminants with potential implications for fish safety and
human health. This study assessed microplastic and heavy metal contamination in Clarias gariepinus from Eleyele
reservoir. Microplastics were extracted from gill, liver, and muscle tissues using hydrogen peroxide digestion and
characterized by Attenuated Total Reflectance-Fourier Transform Infrared spectroscopy, while heavy metals were
quantified using atomic absorption spectrometry. A total of 490 microplastic particles were recovered, with mean
abundances of 6.25 + 1.09, 3.16 £+ 0.60, and 2.23 + 0.47 items per individual in gill, liver, and muscle, respectively. Fibers,
fragments, foams, and films occurred in all tissues, with gills showing the highest abundance. Particles measuring 100-
500 um and transparent microplastics predominated, while microplastic abundance correlated positively with fish length
and weight. Cadmium remained below detectable limits in all tissues. Lead concentrations ranged from 0.02 + 0.04
mg/kg in liver to 0.60 + 0.13 mg/kg in muscle, exceeding the permissible limit in muscle. Chromium increased from gill
(0.39 + 0.04 mg/kg) to liver (1.17 £ 0.05 mg/kg) and muscle (2.64 £ 0.70 mg/kg), while nickel concentrations were
elevated in all tissues (6.83-10.34 mg/kg). Zinc was the most abundant metal but remained within guideline limits.
Hazard quotient values indicated no risk from muscle consumption; however, nickel in the gill and chromium and nickel
in the liver exceeded safe thresholds. Carcinogenic risk values for lead and chromium exceeded acceptable limits,
indicating potential long-term public health concerns from regular fish consumption.

Categories: Food security and sustainability, Food toxicology, Fishery ecology
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Introduction

Aquatic environments worldwide are increasingly threatened by pollution arising from industrial discharges, agricultural
runoff, domestic wastewater, and urban activities. These contaminants degrade aquatic habitats, disrupt ecosystem
functioning, and pose serious risks to aquatic organisms and human populations that depend on these resources [1].
Environmental pollution has therefore become a major global concern, causing significant alterations in natural
ecosystems and threatening biodiversity and public health [2]. Among the numerous contaminants affecting aquatic
ecosystems, heavy metals and microplastics are regarded as some of the most persistent and hazardous pollutants.

Heavy metals enter aquatic environments through both natural processes and anthropogenic activities, such as industrial
operations, agriculture, and domestic effluents [3], where they accumulate in sediments and can subsequently be taken
up by aquatic organisms. Fish are particularly vulnerable because they can bioaccumulate metals within their tissues and
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are therefore widely used as biomonitors of ecosystem health [4-7]. Heavy metals are broadly categorized into essential
elements such as zinc, copper, iron, and manganese, which are necessary for metabolic processes but become toxic at
elevated concentrations, and non-essential elements, such as cadmium, lead, mercury, arsenic, and chromium, which are
highly toxic and have no known biological function [8]. Elevated concentrations of these contaminants may cause
structural tissue damage, disrupt physiological and neurological processes, and impair growth in aquatic organisms [9-
10], while also posing serious health risks to humans through biomagnification along the food chain [11].

In addition to heavy metal pollution, microplastics have emerged as a major environmental concern in aquatic
ecosystems. Plastics are among the most widely produced materials globally because of their durability, low cost, and
versatility; however, these same properties contribute to their persistence in the environment [12]. It is estimated that
approximately 8 million metric tons of plastic enter the oceans annually, with plastic debris now widely distributed across
marine, freshwater, and terrestrial ecosystems [13-14]. Through physical, chemical, and biological degradation processes,
larger plastic materials gradually fragment into smaller particles known as microplastics, generally defined as plastic
particles smaller than 5 mm [15]. Microplastics may occur as either primary microplastics intentionally manufactured at
microscopic sizes or secondary microplastics generated by the breakdown of larger plastic debris [16].

Due to their small size and low density, microplastics are readily dispersed within aquatic systems, where they
accumulate in both the water column and sediments [17-18]. Freshwater bodies such as rivers and lakes often serve as
transport pathways and accumulation zones for microplastics, especially in urbanized regions with inadequate waste
management practices [19]. Microplastics are increasingly recognized as widespread contaminants in freshwater
environments, posing potential threats to aquatic ecosystems. Several studies have documented the ingestion of
microplastics by aquatic organisms, including fish and other aquatic fauna [20-21].

The distribution and abundance of microplastics in freshwater ecosystems are strongly influenced by seasonal
hydrological conditions. During the rainy season, increased precipitation, surface runoff, erosion, stormwater discharge,
and watershed inflows facilitate the transport of plastic debris from terrestrial environments into rivers, lakes, and
reservoirs. Consequently, freshwater bodies often experience elevated microplastic loads during periods of intense
rainfall, particularly in urbanized catchments where inadequate waste management practices promote the mobilization
of plastic waste. Seasonal runoff can also enhance the transfer of associated contaminants, including heavy metals, into
aquatic environments. Therefore, investigations conducted during the peak rainy season provide valuable insights into
periods of potentially heightened contaminant exposure for aquatic organisms. In southwestern Nigeria, the months of
June to September coincide with the peak rainy season and are characterized by increased runoff into freshwater
systems, making this period particularly relevant for assessing microplastic contamination and associated ecological risks.

The presence of microplastics in aquatic environments is of particular concern because of their persistence and their
potential impacts on ecosystem integrity and human health [22]. In fish, microplastic ingestion has been associated with
adverse effects including reduced feeding efficiency, impaired growth and development, endocrine disruption, oxidative
stress, and tissue damage [23]. Moreover, microplastics can act as vectors for environmental contaminants because their
surfaces readily adsorb hazardous substances such as heavy metals, persistent organic pollutants, polycyclic aromatic
hydrocarbons, and polychlorinated biphenyls [24-25]. Previous studies have demonstrated the strong adsorption
capacity of microplastics for a wide range of chemical pollutants [26-28]. These contaminants may subsequently desorb
within biological tissues and contribute to endocrine disruption, oxidative stress, cytotoxic effects, and other
physiological impairments [29-30]. The interaction between microplastics and heavy metals may also result in synergistic
or antagonistic toxic effects, thereby complicating the assessment of environmental risks [31-33].

Although the long-term health implications of microplastic ingestion are still being investigated, emerging evidence
suggests that microplastics may cross intestinal barriers and enter systemic circulation through mechanisms such as
persorption and endocytosis [34]. The detection of plastic particles in human blood samples further supports the
possibility of systemic exposure [35]. Once internalized, microplastics may induce oxidative stress, inflammatory
responses, and cellular damage [36]. The occurrence of microplastics in edible fish species, therefore, raises important
food safety concerns [37].
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Fish constitute an important source of dietary protein for human populations worldwide. Global fish consumption has
increased substantially, rising from about 9.0 kg per capita in 1961 to more than 20 kg per capita in recent years, largely
due to population growth, rising incomes, and the expansion of aquaculture [38]. However, because fish often occupy
higher trophic levels in aquatic food webs, they are capable of accumulating environmental contaminants in their tissues
[39]. Consequently, fish are widely used as sentinel organisms and bioindicators of aquatic pollution, helping scientists
evaluate ecological risks and potential human health implications [40].

Clarias gariepinus, commonly known as the African sharp-tooth catfish, is widely distributed across Africa and possesses
several morphological and physiological adaptations that enable it to survive in diverse and often challenging
environments, including an elongated body, sensory barbels for feeding in turbid waters, and accessory air-breathing
organs that allow it to tolerate hypoxic conditions [41-42]. Due to its rapid growth rate, high fecundity, disease resistance,
and tolerance to a wide range of environmental conditions, this species has become one of the most commonly cultured
and consumed fish species in Africa, particularly in Nigeria [43]. As an opportunistic benthic feeder, it consumes insects,
crustaceans, and detritus, a feeding habit that increases its likelihood of encountering and ingesting sediment-associated
contaminants such as heavy metals and microplastics.

Eleyele Reservoir, Nigeria, is an important freshwater body that supports artisanal fisheries and provides fish for local
consumption [44]. A recent study reported the occurrence of microplastics in the reservoir [45]. However, information
regarding the tissue-specific distribution of microplastics in fish from this water body remains limited, and data on the
co-occurrence of heavy metals and microplastics in the reservoir's biota are lacking. In particular, information on
microplastic ingestion by fish inhabiting Eleyele Reservoir remains scarce. Given that the present study was conducted
during the peak rainy season (June-September), when contaminant inputs through runoff are expected to be elevated, it
provides important baseline information on microplastic occurrence and heavy metal contamination under conditions of
heightened environmental exposure.

Considering the trophic linkage between fish and humans, the occurrence of microplastics and heavy metals in edible
fish species raises potential public health concerns. Given that C. gariepinus represents a major protein source for
residents of Ibadan and surrounding communities, understanding the levels and distribution of these contaminants in
this species is essential for evaluating possible health risks. Therefore, this study investigates the abundance and
characteristics of microplastics, along with the concentrations of heavy metals, in frequently consumed freshwater C.
gariepinus from Eleyele Reservoir. In addition, the research evaluates the human health risks associated with the
consumption of C. gariepinus due to heavy metal exposure.

Materials And Methods

Description of the study location

Eleyele reservoir lies at 125 m above sea level (latitude 7°25"-7°26'N, longitude 3°51'-3°52E). It has a maximum depth of
12 m, an impoundment area of 5.46 km?, and a storage capacity increased from 704 to 900 million liters to meet domestic
water demand. Originally built for domestic water supply, Eleyele Lake now supports fishing, irrigation, and recreation,
contributing to local livelihoods. The reservoir receives inflow from rivers, residential wastewater, and effluents from
small-scale agro-processing. The reservoir faces significant anthropogenic pressures that may influence water quality and
pollutant accumulation in aquatic organisms.
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FIGURE 1: Map of Eleyele reservoir.

Source: Olanrewaju et al. [44].

Sample collection

A total of 80 C. gariepinus were collected biweekly over a period of 4 months (June to September) corresponding to the
peak rainy season in southwestern Nigeria from local fishermen operating in Eleyele reservoir using a gillnet (ranged from
25mm to 75mm) and castnet (20mm). This period was selected because increased rainfall and runoff are known to
enhance the transport of plastic debris and associated contaminants into freshwater ecosystems. Immediately after
collection, the samples were placed in ice packs to maintain freshness and transported to the laboratory. In the
laboratory, each specimen was carefully dissected to obtain the muscle, gill, and liver tissues. The collected tissues were
then preserved and stored at 4°C until further analysis.

Heavy metal analysis

Twenty samples of C. gariepinus (n = 20) were used for heavy metal analysis. Liver (n = 20), gill (n = 20), and muscle
tissues (n = 20) were dissected from each fish (total number of organs = 60), oven-dried, homogenized by crushing, and
accurately weighed (0.5 g) using an electronic balance [46]. Each weighed sample was transferred into a 100 mL beaker
for digestion. A tri-acid digestion mixture consisting of nitric acid (HNOs, 69%), sulfuric acid (H,SO,4, 98%), and perchloric
acid (HClO,, 70%) in a 5:1:1 ratio was used [47]. During digestion, all conical flasks containing samples were covered with
watch glasses to minimize contamination and prevent the loss of volatile elements. After digestion, the solutions were
allowed to cool to room temperature and then filtered through Whatman No. 42 filter paper pre-rinsed with 0.1 M HNO;.
The filtrates were subsequently diluted to a final volume of 50 mL using double-distilled water [48]. Metal concentrations
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were then determined using Atomic Absorption Spectrometry (Model AA-7000, SHIMADZU, Japan). All reagents used
were of analytical grade (Merck, Germany), and double-distilled water was used throughout the procedure to ensure
analytical accuracy and avoid contamination.

Microplastic extraction from fish species

A total of 60 C. gariepinus individuals were processed for microplastic isolation. Each specimen was placed in a 100 mL
beaker and subjected to chemical digestion using a hydrogen peroxide (H,0,) protocol with slight modifications [49,50].
Briefly, digestion was carried out by adding 10 mL of H,0, and 10 mL of 0.05 M Fe (ll) solution, after which the samples
were incubated at 40°C for 72 hours. Where visible organic residues persisted, an additional 5 mL of H,O, was introduced
and the digestion process was continued until complete breakdown of organic material was achieved. Following
digestion, the resulting solution was filtered through Whatman GF/B filter paper using a vacuum filtration system. The
filter papers were then transferred into clean glass Petri dishes, air-dried, sealed, and wrapped with aluminum foil to
prevent contamination before subsequent analysis.

Identification and characterization of microplastics

All filter papers were examined visually using a HumaScope Advanced LED binocular microscope (Human, Germany),
with magnification adjusted between 10x and 100x for detailed observation. In addition, captured images were further
processed and analyzed using ImagelJ software. Each microplastic particle was identified visually and recorded based on
total abundance, color, morphology, and size classes [51]. A hot-needle test was also conducted to assist in confirming
suspected microplastic particles. For chemical identification and polymer characterization, Fourier Transform Infrared
Spectroscopy (FTIR) analysis was performed using an FTIR-4600 spectrometer equipped with an Attenuated Total
Reflection (ATR) accessory. Spectra were recorded within the 500-4000 cm™ range at a resolution of 4 cm™. Data
acquisition was carried out using SpectraManager™ |l software, while spectral matching and polymer identification were
conducted using the KnowltAll® software and its associated commercial spectral libraries.

Quality control for microplastic and heavy metals

All reagents and deionized water were pre-filtered using GF/B Whatman filters (1 um pore size, 47 mm diameter) and
stored in glass containers before analysis to minimize contamination during laboratory procedures. All glassware and
laboratory equipment were thoroughly cleaned and air-dried before use. Sample preparation was conducted inside a
clean, enclosed fume hood, and aluminum foil was used to cover materials in order to limit contamination from airborne
microplastics. A procedural blank, containing no fish tissue, was processed alongside the samples following the same
analytical steps used for microplastic and heavy metal determination to account for any contamination introduced
during analysis. To further reduce contamination risks, laboratory personnel wore cotton lab coats and latex gloves
throughout the experimental procedures. In addition, all samples were rinsed thoroughly with filtered deionized water
before preparation for analysis.

Rigorous quality assurance and quality control procedures were implemented throughout the analytical process to
ensure the accuracy and reliability of heavy metal determinations in C. gariepinus tissue/organ samples. Reagent blanks
containing only the digestion acids were prepared and analyzed alongside the samples to monitor potential
contamination during digestion and instrumental analysis. Method accuracy was verified using certified reference
materials (CRMs) appropriate for fish tissue analysis. In addition, recovery studies were conducted by spiking selected
samples with known concentrations of cadmium, lead, chromium, nickel, and zinc to evaluate the efficiency of the
digestion procedure and analytical performance. Heavy metal concentrations were quantified using an Atomic
Absorption Spectrophotometer (Model AA-7000, SHIMADZU, Japan). Calibration was performed with certified standard
solutions, and calibration curves were established for each metal. The coefficients of determination (&) for all calibration
curves exceeded 0.99, demonstrating excellent linearity of the analytical method. These procedures ensured the
generation of accurate, precise, and reproducible heavy metal data for the fish tissue samples analyzed in this study.
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Potential risk assessment of microplastics

Potential hazard of microplastics can be widely estimated using the Polymer Hazard Index (PHI) [52]. This method
evaluates the overall risk of microplastics by combining the relative abundance of each polymer type with its
corresponding toxicity score.

The PHI was calculated using the following equation: PHI =3 (Pnx Sn)

where PHI represents the polymer hazard index of the detected microplastics, P, refers to the percentage contribution of
each polymer type among the identified microplastics, and S, represents the hazard score assigned to each polymer
type. Based on the calculated PHI values, the hazard level of microplastic contamination can be categorized into different
risk classes, as described in previous studies [53-54]. The PHI values are classified into five categories with corresponding
hazard and risk levels. A PHI of 0-1 falls under Hazard Category | and is considered a Minor risk. Values between 1 and 10
belong to Hazard Category Il, indicating Medium risk. A PHI of 10-100 is placed in Hazard Category llI, which signifies a
High risk. PHI values from 100 to 1000 fall into Hazard Category 1V, classified as Danger. Finally, any PHI exceeding 1000
falls under Hazard Category V, representing an Extreme danger.

Health risk assessment of heavy metals in C. gariepinus

The assessment of health risks from heavy metals in C. gariepinus was conducted by calculating the Estimated Daily
Dietary Intake (EDI) and Hazard Quotient (HQ) [55].

The EDI is computed as follows: EDI = (C x IR)/BW

EDI is the estimated daily intake of heavy metals through diet (mg/kg/day), C represents the concentration of heavy
metals in fish tissue (mg/kg), and IR is the daily ingestion rate of seafood and canned fish products, estimated at 0.30
kg/person/day for adults and 0.15 kg/person/day for children. BW represents the average body weight, assumed to be 60
kg for adults and 25 kg for children [55-56].

The HQ, which evaluates the risk level of heavy metal exposure, is calculated by: HQ = EDI/RfD

RfD is the reference dose for each heavy metal [57]: Cd = 0.001, Cr = 0.003, Ni = 0.02, Pb = 0.004, and Zn = 0.3
(mg/kg/day). An HQ greater than 1 indicates a likelihood of adverse health effects, while an HQ less than 1 suggests no
significant risk.

Carcinogenic risk (CR) associated with heavy metal exposure through fish consumption was calculated [58]:
CR=CSF x EDI

where:

CSF = cancer slope factor (mg/kg/day)

EDI = estimated daily intake (mg/kg/day)

The total carcinogenic risk (TCR) was calculated as the sum of individual CR values for each metal: TCR = 3CR

The cancer slope factors used are: Chromium = (0.5mg/kg/day) and Lead = (0.38mg/kg/day) [59]. CR values below 1 x
107 were considered negligible, values between 1 x 107% and 1 x 10™* were considered within the acceptable, whereas
values exceeding 1 x 107* indicated an unacceptable CR [57, 60].

Statistical analysis

Descriptive statistics for fish length and weight, microplastic attributes, and health risk indices were computed using
Microsoft Excel. Relationships among microplastic abundance, fish body length, and weight were evaluated using linear
regression analysis. For regression analyses, monthly mean values were used as data points, resulting in four X-Y
observations corresponding to the four sampling months. Each monthly mean was calculated from 20 individual fish
specimens (n=20).
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Differences in heavy metal concentrations among tissue types were evaluated using one-way analysis of variance
(ANOVA). One-way ANOVA was conducted using individual fish observations as replicates, with a total of 60 tissue
samples analyzed (n = 20 per tissue type: liver, gill, and muscle). Before ANOVA, the assumptions of normality and
homogeneity of variances were assessed using the Shapiro-Wilk test and Levene's test, respectively. Data met these
assumptions and data were analyzed without transformation. Statistical significance was established at P < 0.05 using
Python 3.13 with the following open-source libraries: SciPy (v1.11.4) for ANOVA and assumption testing, StatsModels
(v0.14.1) for linear regression, and Pandas (v2.1.3) for data organization.

Results And Discussion

The present study was conducted on C. gariepinus collected from the Eleyele reservoir to evaluate the occurrence,
distribution, and associated risks of microplastics and heavy metals across different tissues. The biometric characteristics
of the fish are presented in Table 7. Standard length ranged from 25.00 to 37.00 cm, while body weight ranged from
150.23 to 380.74 g. Regarding the length, no significant differences were observed between June and July (P < 0.05), nor
between August and September (P < 0.05). Conversely, the body weight of C. gariepinus varied significantly across all
sampled months (P < 0.05). The FT-IR spectra (Figure 2) revealed the occurrence of five polymer types in C. gariepinus,
namely polyamide (PA), polyethylene terephthalate (PET), polyethylene (PE), polypropylene (PP), and polystyrene (PS).
Polyamide consistently showed the highest proportion across all examined tissues, whereas polystyrene was the least
abundant. The predominance of PA is noteworthy because this polymer is commonly associated with fishing nets, ropes,
and lines, suggesting that fishing-related activities constitute an important source of microplastic pollution within Eleyele
reservoir [61]. Similar observations have been reported in several freshwater and marine environments [62].

In the gill tissue (Figure 3), PA constituted the highest proportion (24.4%), followed by PET (22.0%) and PP (20.0%), while
PE and PS occurred in smaller proportions. The high accumulation observed in gills indicates that respiratory surfaces
serve as major routes of exposure to suspended microplastics. Gills are continuously exposed to waterborne particles
during respiration, increasing the likelihood of particle entrapment within gill filaments and lamellae. Similar findings
have been reported in fish species from Jakarta Bay, where gill tissues showed elevated microplastic burdens [63]. The
accumulation of microplastics in gills may impair respiratory efficiency and induce inflammatory responses [64]. Similarly,
in the liver tissue (Figure 4), PA remained the dominant polymer (24.9%), followed by PET (22.4%) and PP (19.7%), while
PE and PS accounted for lower proportions. The presence of microplastics in liver tissues suggests secondary
accumulation following uptake through gills or the gastrointestinal tract. Experimental studies have demonstrated that
smaller microplastic particles can translocate into systemic circulation and accumulate in internal organs such as the liver
[65]. Given the liver’s role in detoxification and metabolism, the occurrence of microplastics in hepatic tissues raises
concerns regarding oxidative stress and potential toxicological effects [66]. In the muscle tissue (Figure 5), the polymer
distribution pattern remained similar to that observed in gill and liver tissues, with PA recording the highest proportion
(25.2%), followed by PET (23.2%) and PP (19.4%). PE accounted for 17.2%, while PS was the least represented (14.9%).
Muscle tissues contained lower microplastic loads than gill and liver tissues, indicating limited translocation into edible
tissues. Similar tissue-specific patterns have been documented in other fish species, where gills and internal organs
contain significantly higher microplastic concentrations than muscles [67]. However, the detection of microplastics in
edible tissues remains a potential pathway for human exposure through fish consumption.

The significantly higher abundance of microplastics observed in the gills compared with the liver and muscle tissues may
be attributed to the gills' direct, continuous contact with the surrounding water [68]. Fish gills possess a large surface area
and are continuously ventilated to facilitate gas exchange, thereby increasing the likelihood of trapping suspended
microplastic particles from the aquatic environment [69]. Consequently, gills often serve as a primary site of microplastic
accumulation, particularly in freshwater systems where particles remain suspended in the water column [70-71]. In
contrast, accumulation within internal organs such as the liver requires translocation of particles across epithelial barriers
and subsequent transport through the circulatory system, a process that is generally less efficient and dependent on
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particle size and physicochemical characteristics. The low abundance observed in muscle tissue is consistent with

previous study reporting limited migration of microplastics into edible tissues compared with organs directly exposed to
environmental media [72].

A linear positive relationship was observed between microplastic abundance and fish length (Figure 6) as well as fish
weight (Figure 7). This relationship suggests that larger and heavier fish accumulated greater numbers of microplastics,
likely due to prolonged exposure time, increased feeding activity, and higher filtration rates. Similar positive correlations
between fish size and microplastic abundance have been reported in previous study [21]. The positive relationships
between microplastic abundance and fish length and weight suggest that larger individuals experience greater
cumulative exposure to microplastics over time [21]. Larger fish are generally older and have had longer periods to ingest
or encounter microplastic particles, leading to progressive accumulation. Similar positive associations between fish size
and microplastic burden have been reported in freshwater fishes and have been attributed to prolonged exposure
duration, increased feeding activity, and bioaccumulation processes [73]. These findings indicate that both physiological
characteristics and ecological traits influence microplastic accumulation in C. gariepinus and may increase contaminant
burdens in larger individuals.

Month Length (cm) Weight (g)

Range Mean + SD Range Mean + SD
June 25.00-32.50 28.73 + 2.412 150.23-280.45 21533 + 10.212
July 26.50-34.00 30.18 + 2.48° 170.15-310.68 240.67 + 13.14°
August 28.00-35.50 31.82 + 2.57° 195.42-345.89 970.42 + 16.87¢
September 29.50-37.00 33.29 + 2.69° 220.37-380.74 300.58 + 20.039

TABLE 1: Length and weight of C. gariepinus collected from Eleyele reservoir.

Mean with the same superscripts along the columns are not significantly different at P> 0.05
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FIGURE 2: FTIR spectra of microplastic polymer found in C. gariepinus.

FTIR, Fourier Transform Infrared spectroscopy
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FIGURE 3: Percentage of polymer in the gill.
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FIGURE 4: Percentage of polymer in the liver.
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FIGURE 5: Percentage of polymer in the muscle.
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FIGURE 6: Relationship between length and microplastics abundance.
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FIGURE 7: Relationship between weight and microplastics abundance.

The distribution of microplastic shapes across tissues of C. gariepinus is presented in Figure 8. The gills consistently
contained the highest proportions of all identified particle shapes, including fibers, fragments, films, and foam. Fiber-
shaped microplastics accounted for 50% of particles in the gills, followed by fragments (49%), films (52%), and foam
particles (55%). The predominance of fibers agrees with several previous studies reporting fiber-rich microplastic
contamination in aquatic organisms [74-75]. Fibers are commonly generated from the degradation of fishing gear,
synthetic textiles, and domestic wastewater discharges [62]. Their elongated morphology facilitates entrapment within
gill structures during respiration. Among fish samples from inland rivers across Nigeria's six geopolitical zones, fibers
constituted the highest proportion of microplastics (48.47%), followed by fragments (29.15%) and films (22.37%) [76], a
finding that corroborates the present study.

Fragments represented the second most abundant microplastic shape and are generally produced through the
weathering and breakdown of larger plastic debris [77]. Foam and film particles occurred in lower proportions,
suggesting additional inputs from packaging materials and consumer plastics. In the liver, fragments (30%) and fibers
(29%) were more dominant, while muscle tissues recorded the lowest proportions for all particle shapes, ranging from
17% (foam) to 23% (film). The comparatively lower accumulation in muscle supports the view that most microplastics
remain localized within tissues directly associated with uptake and physiological processing.
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Particle size distribution (Figure 9) revealed that particles within the 100-500 um range were the most abundant across all
tissues, particularly in muscle (40%), liver (35%), and gill (30%). The dominance of smaller particles is important because
particle size strongly influences uptake and translocation within organisms. Smaller particles are more capable of
penetrating epithelial tissues and entering systemic circulation [65]. Recent studies have similarly reported the
predominance of particles below 500 um in aquatic organisms and even human tissues [78]. Larger particles were less
abundant, indicating reduced retention and limited internal translocation.

Color distribution analysis (Figure 70) showed that transparent microplastics were the most abundant across all tissues,
followed by blue, black, red, green, and yellow particles. The predominance of transparent and blue particles may be
associated with visual resemblance to natural prey items such as zooplankton and fish larvae, thereby increasing the
likelihood of ingestion [79]. The color pattern observed likely reflects both environmental availability and selective
ingestion behavior.
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FIGURE 8: Percentage distribution of microplastic shapes in C. gariepinus at Eleyele reservoir.
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FIGURE 9: Size distribution of MP size in C. gariepinus at Eleyele reservoir.

MP, Microplastic
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FIGURE 10: Color distribution of MP color in C. gariepinus at Eleyele reservoir.
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The PHI results presented in Table 2 revealed variations in polymer-associated risk levels among tissues. In muscle tissue,
PA recorded the highest PHI value (11.87), corresponding to Hazard Category Il (High risk), while PS (4.48) and PE (1.89)
were classified as Category Il (Medium risk). PP (0.19) and PET (0.93) fell within Category | (Minor risk). Similar trends were
observed in liver and gill tissues, where PA consistently recorded the highest PHI values. The elevated PHI associated with
PA may be linked to its high abundance across tissues and its potential to adsorb environmental contaminants. Although
the PHI values of PP and PET remained relatively low, the consistent occurrence of these polymers in edible tissues

remains ecologically and toxicologically relevant. Comparable studies have similarly reported moderate-to-high hazard
categories associated with PA and PS polymers [80].

The occurrence of microplastics in C. gariepinus raises concerns regarding potential human exposure through fish
consumption. Microplastics are known to adsorb and transport persistent organic pollutants, heavy metals, and plastic
additives within aquatic environments [26-28]. Once ingested, these contaminants may desorb within biological tissues
and contribute to oxidative stress, endocrine disruption, and inflammatory responses [30]. The detection of microplastics

in edible muscle tissues therefore represents a potential food safety concern, although the long-term implications for
human health remain under investigation [81].

The ecological implications of the observed microplastic contamination are substantial and extend beyond individual
fish health. Microplastics can obstruct respiratory surfaces, alter feeding behavior, reduce nutrient assimilation, and
induce false satiation in aquatic organisms [64,82]. Such effects may reduce growth efficiency and reproductive
performance, potentially altering fish population structure over time [83]. Furthermore, because microplastics persist in
aquatic environments for extended periods, they may accumulate within food webs and facilitate the biomagnification of
associated contaminants across trophic levels. Therefore, the contamination observed in C. gariepinus suggests that the
Eleyele reservoir ecosystem may be experiencing broader ecological stress associated with increasing plastic pollution.

How to cite this article:
Olowojuni O, Ajayi D B, Ogundeyi B, et al. (July 29, 2026) Microplastics and Heavy Metals Contamination in Clarias

gariepinus from Eleyele Reservoir, Nigeria, During Rainy Season: A Public Health Concern. Cureus J. Agri. Food Sci 2 :
es544497-026-00189-3. DOI https://doi.org/10.7759/s44497-026-00189-3 Page 17 of 28


https://assets.cureusjournals.com/artifacts/upload/figure/file/56938/lightbox_431d07404ae811f183ba5d639fa6047a-color.png
https://assets.cureusjournals.com/artifacts/upload/figure/file/56938/lightbox_431d07404ae811f183ba5d639fa6047a-color.png
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Microplastics and Heavy Metals Contamination in Clarias gariepinus from Eleyele Reservoir, Nigeria, During Rainy Season: A
Public Health Concern

Polymers Monomers Sn Pn PHI Pn (Liver) PHI Liver Pn (Gill) PHI Gill
(muscle) Muscle

PE Ethylene 11 17.12 1.89 17.66 1.94 18.60 2.05

PP Propylene 1 19.42 0.19 19.71 0.20 20.04 0.20

PS Styrene 30 14.93 448 14.28 4.58 15.08 4.25

PA Hexamethy 47 25.25 11.87 25.94 11.72 24.36 11.45
lenediamin
e

PET Ethanediol 4 23.23 0.93 23.41 0.90 21.96 0.88

TABLE 2: Microplastic polymers hazard index in muscle, liver, and gill.

PHI, Polymer Hazard Ratio; PP, Polypropylene; PE, Polyethylene; PS, Polystyrene; PA, Polyamide; PET, Polyethylene Terephthalate

Heavy metal concentrations in the gill, liver, and muscle tissues of C. gariepinus are presented in Table 3. Cadmium
remained below detectable limits in all tissues, which is consistent with the FAO/WHO permissible limit of 0.05 mg/kg
[84]. In contrast, lead was detected in all tissues, with the highest concentration occurring in the muscle (0.60 + 0.13
mg/kg), exceeding the FAO/WHO permissible limit of 0.5 mg/kg [84]. The elevated lead concentration in edible muscle
tissues poses a potential public health concern because muscle represents the primary portion consumed by humans.
Similar studies have reported elevated lead concentrations in fish tissues from contaminated aquatic environments [85].

Chromium concentrations showed a tissue-specific gradient, increasing from gill (0.39 + 0.04 mg/kg) to liver (1.17 £ 0.05
mg/kg) and muscle (2.64 + 0.70 mg/kg). Both liver and muscle concentrations exceeded the FAO/WHO recommended
range of 0.15-1 mg/kg [84]. Nickel concentrations were particularly elevated across all tissues, with the highest
concentration recorded in muscle (10.34 + 2.86 mg/kg), followed by liver (8.16 + 2.26 mg/kg) and gill (6.83 + 1.91 mg/kg).
All recorded Nickel concentrations exceeded the permissible limit of 0.5 mg/kg, suggesting significant environmental
contamination within the reservoir. Similar elevated nickel concentrations in economically important freshwater fish from
three rivers of Malakand Division, Pakistan [86]. The elevated concentrations of Pb, Cr, and Ni observed in the present
study indicate persistent anthropogenic inputs into the reservoir, potentially originating from urban runoff, agricultural
activities, waste disposal practices, and other human activities within the watershed. The accumulation of these metals in
edible tissues also increases the likelihood of dietary exposure among consumers, particularly in communities where fish
constitutes a major component of daily protein intake.

Zinc was the most abundant metal detected in this study. Unlike other metals, the liver recorded the highest Zinc
concentration (37.90 £ 6.19 mg/kg), followed by gill (29.34 + 2.38 mg/kg) and muscle (23.57 + 4.60 mg/kg). The elevated
Zinc concentration in the liver is consistent with the liver's role in detoxification and metal-binding protein synthesis.
However, all Zn concentrations remained within the FAO/WHO permissible limit of 40 mg/kg [84]. Similar liver-dominant
Zinc accumulation patterns have been reported in Pseudotolithus sp from the Gulf of Guinea, Ondo State Nigeria fish
species [6].
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Cd

Pb

Cr

Zn

Gill

BDL

0.42 +0.08°

0.39 +0.042

6.83+1.91°

29.34 +2.38P

Liver

BDL

0.02 +0.042

1.17 £0.05P

8.16 + 2.26°

37.90 + 6.19¢

Muscle

BDL

0.60+0.13°

2.64 +0.70¢

10.34 + 2.86°

23.57 £4.60a

TABLE 3: Heavy metal concentration in C. gariepinus from Eleyele reservoir.

FAO/WHO [84]

0.05

0.5

0.15-1

0.5

40

Means with the same alphabet are not significantly different (P> 0.05) across the row. FAO/WHO, Food and Agriculture
Organization/World Health Organization; BDL, Below Detectable Limit; Cd, Cadmium; Pb, Lead; Cr, Chromium; Ni, Nickel; Zn, Zinc

The EDI and HQ for heavy metals in the muscles, gills, and liver of C. gariepinus are summarized in Tables 4, 5, and 6. In
the muscle tissue, the EDI and HQ values for all metals remained below the threshold of 1 for both children and adults,
suggesting that consumption of the muscle will not have an immediate effect on human health. Chromium and Nickel
showed the highest HQ values in muscle in both adults and children. In the gills, the HQ values for Nickel exceeded 1 for
both population groups. Similarly, the liver showed HQ values above the safe limit for Chromium and Nickel. Zinc did not

show a potential risk in the muscle, gill, and liver for children and adults.

The carcinogenic risk and total carcinogenic risk assessments for Pb and Cr are presented in Table 7. Carcinogenic risk
values greater than 1 x 107 are considered unacceptable [60]. The present result showed that both Pb and Cr could pose
significant carcinogenic risks through long-term consumption of C. gariepinus. The TCR values, which represent the
combined risk from all assessed metals, and their values exceed the acceptable risk threshold of 1 x 107, indicating a

potential cumulative carcinogenic risk associated with the consumption of the fish muscle, gill, and liver.
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Metal

Pb

Cr

Zn

TABLE 4: Estimated daily dietary intake and Health quotient of heavy metals in muscles.

Children

EDI

3.60x 1073

1.58 x 1072

6.20 x 1072

141%x 107

HQ

9.00 x 107!

5.28

3.10

471x 107"

EDI, Estimated Daily Dairy Intake; HQ, Hazard Quotient

Metal

Pb

Cr

Zn

TABLE 5: Estimated daily dietary intake and health quotient of heavy metals in the gill.

Children

EDI

2.52x1073

234x103

4.10x 1072

1.76 x 107

HQ

6.30% 107

7.80x 107!

2.05

5.87x 107!

EDI, Estimated Daily Dairy Intake; HQ, Hazard Quotient

Adults

EDI

3.00x 1073

1.32% 1072

5.17 x 102

1.18% 107"

Adults

EDI

2.10x 1073

1.95% 1073

342 %1072

147 % 107

HQ

7.50x 107"

44

2.58

3.93x 107"

HQ

525x 107"

6.50x 107"

1.71

489% 107"
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Metal Children Adults
EDI HQ EDI HQ
Pb 120x 107 3.00% 1072 1.00x 107 2.50 % 1072
Cr 7.02x 1073 2.34 5.85x 1073 1.95
Ni 4.89 % 1072 245 4.08x 1072 2.04
Zn 227 %107 7.58% 107" 190 x 10 632x107"

TABLE 6: Estimated daily dietary intake and health quotient of heavy metals in the liver.

EDI, Estimated Daily Dairy Intake; HQ, Hazard Quotient; Pb, Lead; Cr, Chromium; Ni, Nickel; Zn, Zinc

Muscle Gill Liver
Metal Children Adults Children Adults Children Adults
Pb 126 x 1073 1.05% 1073 8.82x 107 735%x 107 420% 107 3.50% 107
Cr 554% 1073 462x1073 117 %1073 6.83x 107 246x 1073 2.05x 1073
TCR 217 %1072 1.81x 1072 205% 1073 142%1073 250% 1073 2.08x 1073

TABLE 7: Carcinogenic risk and total carcinogenic risk of heavy metals C. gariepinus.

TCR, Total Carcinogenic Risk; Pb, Lead; Cr, Chromium

Heatmap analysis (Figure 77) revealed a relationship between heavy metals and microplastic polymers, with important
implications for contaminant behavior in aquatic environments. Zinc showed moderate positive correlations (0.34-0.48)
with all polymers, particularly PP and PET. Conversely, lead and chromium exhibited consistent negative associations,
with chromium showing the strongest negative correlations (-0.45 to —0.59). Nickel had weak negative associations
(—0.12 to —0.22) despite elevated concentrations in fish tissues.

The co-occurrence of microplastics and heavy metals in C. gariepinus is ecologically significant because microplastics
may serve as carriers of inorganic contaminants within aquatic ecosystems [87]. Plastic particles possess large surface-
area-to-volume ratios and can adsorb dissolved metals from the surrounding water through electrostatic interactions,
surface complexation, and physical sorption processes [88]. Ingestion or uptake of microplastics by fish may create an
additional exposure pathway for heavy metals beyond direct uptake from water, sediment, or food [89-90]. Once
ingested, changes in pH, ionic strength, digestive enzymes, and gut surfactants may promote the desorption of adsorbed
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metals from microplastic surfaces, potentially increasing metal bioavailability to aquatic organisms [91]. Consequently,
microplastics may influence the distribution, transport, and biological uptake of metals within aquatic food webs,
thereby altering contaminant exposure dynamics and ecological risk.

The occurrence of microplastics and heavy metals observed in the present study raises concerns regarding potential
combined or synergistic effects on fish health. Such interactions may increase oxidative stress, tissue damage, metabolic
disruption, and other sublethal effects compared with exposure to either contaminant alone. However, although both
microplastics and heavy metals were detected in C. gariepinus, the present study was not designed to determine
whether the observed metal burdens were directly associated with microplastic ingestion or whether microplastics acted
as vectors for metal transfer. Therefore, causal relationships between microplastic contamination and heavy metal
accumulation cannot be established from the current data. Further investigations involving metal analyses of isolated
microplastic particles, controlled laboratory exposures, and mechanistic studies are required to determine the extent to
which microplastics contribute to heavy metal bioaccumulation in this species.
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FIGURE 11: Heatmap showing the relationship between heavy metal and microplastic polymer.
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Conclusions

This study confirms that C. gariepinus from Eleyele reservoir is exposed to multiple polymer types (PA, PET, PE, PP, and PS),
with PA dominating all tissues and posing a high polymer HR (Category Ill). Microplastic distribution varied by tissue,
shape, size, and color, with gills showing the highest particle loads. Heavy metal analysis revealed concerning levels: Pb in
muscle exceeded FAO/WHO limits, while Cr and Ni surpassed safety thresholds across multiple tissues. Although
estimated daily intake and hazard quotients for muscle consumption were below concern for immediate health effects,
Nickel in gills and chromium/nickel in liver exceeded safe HQ values. CR assessments for Pb and Cr, as well as TCR,
exceeded the acceptable threshold (1 x 107, indicating a potential long-term cancer risk from consuming this

fish. Overall, the findings highlight significant ecological and human health risks, needing urgent regulatory and
mitigation measures.

A limitation of the present study is that sampling was restricted to the rainy season (June-September) and therefore does
not capture potential seasonal variations in microplastic abundance and heavy metal accumulation. Seasonal differences
in rainfall, runoff, hydrology, and contaminant inputs may influence the distribution and bioavailability of these
pollutants in aquatic ecosystems. Consequently, the findings should be interpreted as representative of conditions
during the peak rainy season. Future studies incorporating both wet and dry seasons are recommended to provide a
more comprehensive assessment of temporal trends in contaminant exposure and associated risks in Eleyele Reservoir.
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