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Abstract 

This study investigated the ecological impact of urban runoff on fish fauna in Ikpoba River, Benin City, 
Nigeria. In particular, we focused on heavy-metal contamination and its effects on brain tissue 
pathology. During a three-month period (June–August 2023), water, sediment, and fish samples were 
collected from two locations with varying effluent attributes. Atomic Absorption Spectrophotometry 
was employed to determine the heavy metal concentrations (Cr, Co, Cd, Ni, and Pb) in the samples. 
Our findings revealed fluctuating heavy metal levels in the water and sediment samples. Notably, Ni 
exhibited the highest concentration in the sediment during July. The brain tissues of Clarias gariepinus 
and Tilapia 279illi demonstrated metal accumulation, with Nickel, Chromium, and Cobalt being 
prevalent. Histopathological analysis indicated progressive changes, including mononuclear exudates 
in the granular layer of the brain tissues of C. gariepinus by August, suggesting an inflammatory 
response. Urban runoff has emerged as a significant source of heavy metal pollution in the Ikpoba River, 
leading to bioaccumulation in fish and alterations in the brain tissue. Comprehensive monitoring and 
management strategies are crucial for mitigating the impact of runoff on aquatic ecosystems and 
safeguarding fish and human health. These results provide valuable insights into effective water 
resource management policies and enhance our understanding of the effects of urban pollution on 
freshwater environments.  
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INTRODUCTION 
Urban runoff is a significant environmental concern because it substantially pollutes urban 
water bodies and carries a variety of contaminants including heavy metals (Lin, 2003; 
Zanoletti and Bontempi, 2023; Erickson et al., 2013). Pollutants can arise from a range of 
sources like vehicle emissions, atmospheric deposition, and material wear, posing a threat to 
the ecosystem and water quality.(Erickson et al., 2013, Geronimo et al., 2014, Zgheib et al., 
2012). 
 
The mixture of pollutants originating from various human activities, such as urbanization, 
industrialization, agricultural practices, and the use of synthetic food dyes and heavy metals, 
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eventually contaminates water bodies and poses a severe threat to aquatic ecosystems 
(Isangedighi and David, 2019; Gulati et al., 2022; Javed and Usmani, 2019; Sharma et al., 2024). 
Sediment runoff harms aquatic ecosystems by smothering aquatic plants that are vital for fish 
habitats, food, oxygen production, and nutrient cycling (De and Roy, 2019). They can also 
cover fish eggs, hinder development, cause mortality, and damage fish gills, which are crucial 
for respiration (Dharmono et al., 2022). Sediments carry pathogens, increase fish stress, and 
lead to immunosuppression, thereby increasing disease risk (Biggs et al., 2021). River water 
quality has been a subject of study, with researchers seeking to understand its suitability for 
human consumption and overall pollution status (Osa-Iguehide et al., 2016, Enuneku and 
Ineh, 2020, Obasohan et al., 2007). 
 
Heavy metals, which are often present in urban runoff, pose a significant threat to the health 
of fish (Zhuzzhassarova et al. 2024). Studies have shown that heavy metals, such As, Cd, Hg, 
and Pb, can accumulate in marine and freshwater fish, potentially causing adverse health 
effects (Zhuzzhassarova et al., 2024, Liu et al. 2018; Zhuzzhassarova Khan, 2018). These metals 
can alter the haemato-biochemical parameters of fish, leading to abnormalities in various 
blood cells (Shahjahan et al., 2022, Ahmed et al., 2022). Studies have shown that fish residing 
in contaminated water bodies can suffer from reduced nutritive value and flesh quality owing 
to the accumulation of these non-essential metals (Abbas et al., 2021). These toxicants can 
disrupt normal physiology and function of fish, leading to adverse health effects (Gulati et al. 
2022, Shahjahan et al. 2022).   
 
Exposure to heavy metals such as Hg, Cu, and Co can induce significant pathological changes 
in the brain (James et al. 2011; Singh and Ansari, 2017; Bose et al. 2015; and Nedzvetsky et al. 
2022; Rehman et al. 2021b). Even at low concentrations, these metals have been shown to cause 
histopathological abnormalities in the brain tissues of various fish species, leading to 
neurotoxicity, oxidative stress, and genotoxicity (Singh and Ansari, 2017). 
In this study, we investigated the ecological effects of urban runoff on benthic and pelagic fish 
fauna of the Ikpoba River. We investigated the extent of heavy metal contamination and its 
impact on the brain tissue pathology in fish. This study provides valuable insights into the 
impact of urban runoff on aquatic ecosystems and contributes to the development of effective 
strategies for water resource management and conservation. 
 
MATERIAL AND METHODS 
 
Study Area 
This research project was conducted in Benin City, which is situated within the humid tropical 
rainforest belt of Nigeria (Chukwuka and Ogbeide, 2021; Victor and Ogbeibu, 1985). The 
Ikpoba River, an important feature of the city, supports the activities of local communities but 
is also impacted by human activities, such as waste disposal and wastewater discharge 
(Chukwuka and Ogbeide, 2021; Tawari-Fufeyin and Ekaye, 2007; Victor and Ogbeibu, 1985). 
The proximity of these activities to the river raises concerns regarding possible pollution and 
environmental degradation. 

https://blog.cwf-fcf.org/index.php/en/what-is-urban-runoff-and-why-is-it-hurting-our-aquatic-wildlife/
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.  
 FIG 1: Map of Benin City showing the Ikpoba River and various sampling points. 

 
Sampling and Sample Preparation 
Two sites with distinct effluent characteristics were selected for this study. The first site, 
situated upstream of the effluent outflow point, was considered relatively free from 
contamination. In contrast, the second site comprised the effluent discharge area from the 
brewery. From June to August 2023, water samples were procured from both the bottom 
(benthic) and surface (pelagic) zones of the Ikpoba River during monthly field trips, following 
the protocol outlined by Onyidoh et al. (2017). Sediment samples were collected using a grab 
sampling method and fish samples were obtained using a fishing net, as per the technique 
detailed in (Chukwuka. et al., 2019). 
 
Upon arrival at the laboratory, the fish were thoroughly cleaned and individually stored in 
polyethylene bags at -10°C for subsequent identification and preservation. Heavy metal 
concentrations in the water, sediment, and fish samples were determined using the 
procedures outlined by Davies and Ekperusi (2021). A Solar 969 Unicam Series model Atomic 
Absorption Spectrophotometer (AAS) was utilized to analyze the heavy metals (Cr, Co, Cd, 
Ni, and Pb), following the method detailed by Zangina et al. (2019). Each sample was analyzed 
in triplicate to ensure that the results were representative. Metal concentrations were 
computed using a standard calibration plot technique. 
 
Extraction and Analysis of Heavy Metals 
The detection of heavy metals in the water and sediment samples was performed using the 
methods described by Davies and Ekperusi (2021). A 25 mL aliquot of water was transferred 
to a porcelain crucible and treated with 1 mL of concentrated nitric acid (HNO3) and 3 mL of 
concentrated hydrochloric acid (HCl). The mixture was placed in a steam bath for 
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approximately 30 min and then allowed to cool. The digested sample was diluted to 50 mL 
with distilled water and preserved in plastic containers for subsequent heavy metal analysis, 
ensuring a standardized procedure across all water samples. 
 
For the analysis of sediments, a 10 g portion of ground and sieved sediment was placed in a 
porcelain crucible. This was followed by the addition of 25 mL of distilled water, 1 mL of 
concentrated nitric acid (HNO3), and 3 mL of concentrated hydrochloric acid (HCl). The 
sample was heated in a steam bath for roughly an hour and subsequently cooled. The digested 
sample was filtered and the volume was adjusted to 50 mL using distilled water. The filtrate 
was preserved in plastic containers for heavy metal analysis to ensure uniformity across all 
sediment samples. 
 
The length and weight of the fish were carefully measured, and their livers were surgically 
excised, weighed, and reserved for heavy metal determination. The samples were digested 
with 1 mL of concentrated nitric acid (HNO3) and 3 mL of concentrated hydrochloric acid 
(HCl) until a clear and transparent solution was obtained, following the method outlined by 
Jabeen et al. (2012). The digested samples were diluted to the required volume using double-
distilled water in a 500 mL volumetric flask. Following wet digestion, fish organ samples were 
analyzed for heavy metals. 
 
The heavy metals in the water, sediment, and fish samples were analyzed using an Atomic 
Absorption Spectrophotometer (AAS) Solar 969 Unicam Series model. Each metal (Cr, Co, Cd, 
Ni, and Pb) was analyzed using a specific hollow cathode lamp. Each sample was analyzed 
three times to ensure representative results, and the metal concentrations were calculated 
using a standard calibration plot method, as described by Chukwuka. et al. (2019). 
 
Histopathological analysis  
The brain tissue specimens were preserved in 10% formalin to prevent decomposition 
(Yildirim et al., 2006). This was followed by a sequential dehydration process using graded 
alcohol concentrations of 50%, 70%, 80%, and 100% for 90 min each (Slaoui and Fiette, 2011). 
The tissue was then clarified with pure xylene to remove any residual alcohol. This was 
succeeded by a two-hour impregnation in molten paraffin wax, preparing the tissue for 
embedding. The embedded tissues were then thinly sliced using a microtome and stained 
with hematoxylin-eosin (Yildirim et al., 2006).  (Yildirim et al., 2006). Finally, histological 
features, including any histopathological changes within the brain, were examined and 
documented using a microscope equipped with a digital camera connected to a computer. 
 
Statistical Analysis  
The collected data were statistically evaluated using version 21 of the SPSS software. The 
processed data are presented in summary tables as mean ± S.E. To scrutinize the 
measurements at each sampling site, we used one-way ANOVA and Duncan’s multiple range 
(DMR) test. 
 
RESULTS AND DISCUSSION  
 
Heavy metals in water samples  
Figure 2 illustrates the concentrations of various metals, including Cd, Ni, Co, Pb, and Cr, in 
mg/l, over three months (June, July, and August). Observations indicated an increase in the 
concentration of all metals from June to July, with a slight decrease or stabilization in August, 
except for Cr, which continued to rise. These findings imply potential risks to ecosystem 
health owing to the toxicity of these metals at high concentrations (Sharma et al., 2023; Jadaa 
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and Mohammed, 2023; Arora et al., 2023). Aquatic life may be adversely affected, leading to a 
decrease in biodiversity and disruption of aquatic ecosystems (Hama et al., 2023; Sharma et 
al., 2024). Human life is also at risk, as these metals can contaminate water sources, leading to 
health issues (Sharma et al., 2023; Izegaegbe et al., 2022). 
 
Possible sources of these metals are industrial discharges, agricultural runoff, or natural 
geological processes. Sources of heavy metal contamination in the Ikpoba River include mixed 
effluents from industrial areas, high vehicular traffic density, and runoff water (Oguzie, 2006). 
Additionally, soil erosion and the Benin Water Storm project have contributed to the presence 
of heavy metals in sediments (Enuneku and Ineh, 2020).  Effluent samples collected from 
discharge points to the river showed higher concentrations of heavy metals compared to river 
water itself, indicating direct pollution from these effluents (Oguzie and Okhagbuzo, 2010).  
Variations in metal concentrations may be attributed to changes in industrial activity levels or 
environmental conditions, such as rainfall, which can dilute or concentrate pollutants. 
 
The presence and impact of heavy metals in the Ikpoba River have also been assessed in 
several studies, including that by Imiuwa et al. (2014), Wang et al. (2013) and Osa-Iguehide et 
al. (2016), Obasohan et al. (2007), Igboanugo et al. (2013). These studies, along with current 
findings, underscore the importance of regular monitoring and analysis of metal 
concentrations in water bodies to safeguard ecosystem health and human life. 
 

 
Figure 2: Concentration of Heavy metals in water from Ikpoba River.  

 
Heavy metals in sediment samples  
A study on heavy metal concentrations in Ikpoba River sediment revealed fluctuations in Cd, 
Ni, Co, Pb, and Cr levels over three months similar to reports by Ujah et al. (2023). Notably, 
Ni showed a significantly higher concentration in July than in other months, indicating 
potential ecological and health risks (Areguamen et al., 2023). Elevated levels of these metals 
in sediments can lead to toxicity and bioaccumulation, thereby impacting ecosystem, aquatic, 
and human health (Amqam et al., 2020; Oguzie, 2006; Pandiyan et al., 2021; Ipeaiyeda and 
Onianwa, 2018). Human exposure to heavy metals, particularly known carcinogens such as 
Ni, through contaminated water or aquatic organisms poses serious health hazards (Jonah 
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and Mendie, 2023). These findings underscore the importance of monitoring and addressing 
heavy metal contamination in the Ikpoba River to safeguard both aquatic ecosystems and 
human well-being. The possible sources of these metals in the sediment of the Ikpoba River 
could be diverse, ranging from industrial discharge and agricultural runoff to natural 
geological occurrences, as reported by Areguamen et al. (2023).  
 
The sources of heavy metals in Ikpoba River sediments are diverse, stemming from both 
anthropogenic and natural origins (Oguzie, 2006).  Potential contributors include mixed 
effluent sources, high vehicular traffic density, and runoff from industrial areas (Odigie, 2014, 
Oguzie, 2006; Oguzie and Okhagbuzo 2010). Abattoir waste, industrial waste from breweries, 
agricultural runoff, and wastewater from car washes also play a role (Odigie, 2014). Effluent 
discharge is a significant source of heavy metals, with higher concentrations found in effluents 
than in water samples (Oguzie and Okhagbuzo, 2010). 
 
The variations in metal concentrations in the sediment could be attributed to changes in 
environmental conditions, such as rainfall or temperature, or to anthropogenic activities 
increasing at certain times (Clark et al., 2014; Caldwell Eldridge and Hornberger, 2023; 
Kimball, 1999; Guo and Deng, 2022).  
 
The presence of heavy metals in sediments from the Ikopba River was also reported by Osa-
Iguehide et al. (2016), Olele et al. (2013), Imiuwa et al. (2014), Obasohan et al. (2007) and 
Enuneku and Ineh (2020),. Contrary to previous findings, the current study revealed a distinct 
pattern, with nickel exhibiting the highest concentration in July. This variation could be 
attributed to factors such as varying sampling periods, locations, or fluctuations in 
environmental and anthropogenic (Egun and Oboh, 2022, Enuneku and Ineh, 2020) 
 

 
Figure 3: Concentration of Heavy metals in sediments from the Ikpoba River.  

 
The ecological effects of urban runoff on benthic and pelagic fish fauna in the Ikpoba River, 
Benin City, Edo State have been investigated, with a focus on heavy metal contamination and 
brain tissue pathology. This study specifically examined the concentrations of heavy metals 
in the brains of C. gariepinus and T. zilli collected from the Ikpoba River. 
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Heavy Metals in Brains of C. gariepinus 
Table 1 presents the concentrations of heavy metals (Ni, Pb, Cr, Cd, and Co) in the brains of 
C. gariepinus from the Ikpoba River over three months (June, July, and August). 
 
Table 1: Mean Concentration (ug/kg) of heavy metals in brains of C. gariepinus   

Ni Pb Cr Cd Co 

June 0.5162 0.0362 0.4324 0.0194 0.039 
July 0.3838 0.0332 0.2868 0.015 0.044 
August 0.0332 0.00336 0.04368 0.00248 0.00296 

 
The concentrations of all heavy metals decreased from June to August. The highest 
concentrations of all the metals were observed in June, with Ni being the most prevalent, 
followed by Cr, Co, Pb, and Cd. By August, the concentrations of all metals had significantly 
decreased. This decreasing trend in concentrations from June to August may be influenced by 
seasonal variations, natural sources, and physicochemical parameters, such as water 
temperature, EC, DO, and pH (Postegal et al., 2022). Such fluctuations in heavy metal 
concentrations highlight the dynamic nature of metal pollution in waterbodies (Dagdag et al. 
2023). 
 
Heavy metals pose significant risks to fish health as they can disrupt metabolic processes and 
mimic essential elements, leading to adverse effects. Exposure to heavy metals has been linked 
to various health hazards in fish, including changes in growth rate, physiological function, 
mortality, and reproduction (Chandrapalan and Kwong, 2021; Jamil et al., 2023; Choudhary et 
al., 2023).  
 
Similarly, studies have shown the presence of heavy metals in fish brains. Heavy metals, such 
As, Pb, Hg), chromium (Cr), and cadmium (Cd), have been detected in the brains of C. 
gariepinus, indicating bioaccumulation (Obinna et al., 2021, Okeke et al., 2023). Furthermore, 
studies have revealed variations in metal concentrations across different organs, including the 
brain of C. gariepinus (Onyidoh et al., 2018). The accumulation of heavy metals in fish brains is 
concerning because of potential health risks and emphasizes the need for monitoring and 
control measures to prevent adverse effects on aquatic organisms and human consumers 
(Hagras et al., 2017, Onyidoh et al., 2018). Other studies that have reported the presence of 
heavy metals in the brain tissues of Claris gariepinus include Fadzil et al. (2019), who reported 
that heavy metals, such as cadmium, can accumulate in the brain of fish and have detrimental 
effects on neurological function. Similarly, Adeyemo (2008) reported the presence of Pb in C. 
gariepinus samples, which had detrimental effects on aquatic organisms.  Furthermore, Aktas 
et al. (2016) reported trace concentrations of metals in the organs of C. gariepinus, including the 
brain, and reported that the presence of these trace elements in the brain tissue of fish suggests 
potential exposure to heavy metals, which may be influenced by seasonal variations in habitat 
conditions. 
 
Heavy Metals in Brains of T. zilli 
The concentrations of heavy metals (Ni, Pb, Cr, Cd, and Co) in the brains of T. zilli from the 
Ikpoba River over three months (June, July, and August) were relatively high, with Ni 
(0.4186), Cr (0.499), and Co (0.043) being the most prevalent. However, in July, there was a 
significant decrease in the concentrations of all the metals, with values ranging from 0.0018 
(Pb) to 0.0173 (Ni). In August, the concentrations increased again but were still lower than the 
initial values observed in June. (Postegal et al., 2022). The fluctuation in metal concentrations 
can be attributed to various factors, such as seasonal variations, anthropogenic inputs, and 
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geomorphologic influences  (Kamzati et al., 2020). This pattern highlights the dynamic nature 
of metal pollution in waterbodies (Dagdag et al. 2023). 
 
Table 2: Mean Concentration (ug/kg) of heavy metals in brains of T. zilli    

Ni Pb Cr Cd Co 

June 0.4186 0.039 0.499 0.0244 0.043 

July 0.017 0.002 0.006 0.0027 0.009 
August 0.152 0.018 0.13 0.016 0.033 

 
The fluctuating trend in metal concentrations could be attributed to various factors such as 
changes in water conditions, diet, or exposure to different sources of pollution. These 
fluctuations in heavy metal concentrations can have significant implications for fish health 
(Adekolurejo et al., 2023, Mastan et al., 2023). High concentrations of heavy metals can interfere 
with metabolic processes, impair feeding and breeding, and even cause toxicity 
(Chandrapalan and Kwong, 2021, Javed and Usmani, 2019, Sharma et al., 2024). 
 
There are similar reports on the presence of heavy metals in the brain of T. zilli. Karataş and 
Kalay (2002) studied lead accumulation in T. zilli and found that higher lead concentrations 
and longer exposure times increased lead levels in the tissues. The brain showed a significant 
lead accumulation ratio of 25.56%, highlighting the potential neurological impacts on aquatic 
organisms. Similarly, Akan et al. (2012)  studied the bioaccumulation of heavy metals in fish 
samples from the Benue River in Vinikilang, Adamawa State, Nigeria, and reported that the 
concentration of metals in the brains of tilapia was very  significant. Elgaml et al. (2019) studied 
the effects of heavy metal pollutants on the reproduction of Nile tilapia. The research found 
Significant differences were observed in heavy metal levels, particularly Fe and Cu, in various 
organs of the fish, including the liver, brain, ovaries, and testes. The concentrations of these 
metals in the brain of Nile tilapia were notably affected by exposure to heavy metal pollutants, 
highlighting their potential impact on the reproductive health of fish. These studies, along 
with those by Eneji et al. (2011), Fernö et al. (2020a) and Senger et al. (2011) have provided 
valuable insights into the impact of heavy metal concentrations on fish health and the 
potential risks associated with their bioaccumulation in aquatic ecosystems.  
 
Histopathology of brain issues from Fishes in Ikpoba River  

 
Figure 4: Histology of brain tissues of T.zilli from Ikpoba river  
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Figure 5: Histology of brain tissues of C. gariepinus from Ikpoba river  

 
Figure 4 depicts the histological representations of T. zilli brains, highlighting the various 
pathologies. Observations in June revealed a prominent molecular and granular layer with a 
well-defined Nissl substance. Similar layers were observed in July, although the Nissl 
substances were less pronounced. In August, the display of lamellae was evident, with 
primary lamellae appearing longer and having unremarkable rakers but projecting blunt tips 
and a prominent lacuna, which is likely a capillary lumen. 
 
Histological representations of T. zilli brains show varying pathologies across different 
months. In June, a prominent molecular and granular layer with well-defined Nissl substance 
was observed. Similar layers were observed in July but with less pronounced Nissl substances. 
By August, the display of lamellae became evident, with primary lamellae appearing longer 
and having unremarkable rakers but projecting blunt tips and a prominent lacuna, likely a 
capillary lumen. 
 
Histopathological changes in fish brains, such as encephalitis, meningitis, and edema, can 
indicate stress responses and potential health issues (Hc and Sultana, 2014, Matthiessen and 
Roberts, 1982). Exposure to environmental contaminants such as pesticides and heavy metals 
can induce such alterations, affecting the brain tissues of fish (Ruiz-Picos et al., 2015; Rehman 
et al., 2021a). These changes may include inflammatory infiltrates and glial scarring, reflecting 
the impact of pollutants on fish health (Prakashbansal, 2023; Phrompanya et al., 2021; Tenji et 
al., 2020). Changes in the Nissl substance, which is crucial for protein synthesis in neurons, 
can significantly affect neuronal function (Miroyiannis et al., 1963; Sterman, 1984).  
 
Additionally, alterations in the lamellae, such as blunt tips and a prominent lacuna, may 
suggest changes in the vascular system of the fish brain, potentially affecting the blood flow 
and oxygen supply (Salamat and Zarie, 2016). Nissl plays a vital role in active protein 
metabolism within nerve cells, and any disruption in its distribution or composition can lead 
to functional impairment (Sterman, 1983). Similar trends were observed in other studies. For 
instance, a study on Nile tilapia (Oreochromis niloticus) exposed to temperature shocks showed 
significant histopathological changes in the brain, indicating that environmental stressors can 
lead to observable changes in fish brain histology (Phrompanya et al., 2021). Another study 
on the effects of AgNPs on T. zilli and T. niloticus also revealed severe degenerative changes 
in the neuropils of fish exposed to high concentrations of AgNPs (Mansour et al., 2021). 



Effects of the Urban Runoff on Fish in the Ikpoba River: Heavy Metal Contamination and Brain Pathology 

Ogbeide O., Kanu-Orji C., DUJOPAS 10 (2c): 279-294, 2024                                                                           288 

 

Figure 5 illustrates the evolution of the brain histology of C. gariepinus from the Ikpoba River 
over a period of three months, beginning in June and ending in August. In June, the histology 
demonstrates an intricate arrangement of molecular and granular layers, characterized by 
enlarged Nissl substances that are prominently displayed. The tissue exhibited a pale purple 
hue with darker spots representing Nissl staining. By July, the histology remained largely 
unchanged from the previous month, featuring the same detailed molecular and granular 
layers and prominent Nissl substances. 
 
In August, histology revealed a noticeable alteration. Mononuclear exudates were visible 
within the granular layer, indicating some form of progression or change over time. The tissue 
also appeared to have a deep purple hue. The general trend observed over these three months 
suggests a progression in the brain histology of C. gariepinus, with the emergence of 
mononuclear exudates in the granular layer by August. This suggests a possible response to 
a particular condition or stimulus within brain tissue. 
 
The observed changes in the brain histology of C. gariepinus over the three-month period 
indicate a potential response to environmental or internal stimuli. The emergence of 
mononuclear exudates within the granular layer by August suggests an inflammatory 
response, which is often a sign of an underlying issue, such as infection, exposure to toxins, 
or other stressors (Okogwu et al., 2016; Adedokun et al., 2021). This could potentially impact 
the health of fish, affecting their behavior, cognitive abilities, and overall well-being 
(Alexander and Kurt, 2020; Fernö et al., 2020b). Histological studies of various fish species, 
including C. gariepinus, have highlighted the significance of brain histology in health issues. 
Studies have demonstrated that exposure to pollutants such as lead chloride can lead to severe 
histological lesions in the brain (Okunade et al. 2023). Additionally, studies on the effects of 
water quality changes due to crude oil exposure have shown histopathological alterations in 
the brains of C. gariepinus, including neuronal necrosis and gliosis (Alkshab and Taha, 2021; 
Eriegha et al., 2019). These findings emphasize the importance of assessing brain histology in 
fish health evaluations.  
 
CONCLUSION  
This study assessed the ecological consequences of urban runoff on fish species in Ikpoba 
River, Benin City, Nigeria. The focus was on heavy metal contamination and its impact on the 
brain tissue pathology. The results indicate fluctuating levels of heavy metals in the water and 
sediment samples, revealing significant pollution from urban runoff. The brain tissues of C. 
gariepinus and T. zilli showed bioaccumulation of these metals, which caused 
histopathological changes. In August, the brain tissues from C. gariepinus showed 
mononuclear exudates in the granular layer, indicating potential inflammatory responses and 
neurological effects. To protect fish and human health, it is essential to address the heavy 
metal pollution in the Ikpoba River. This study provides valuable insights for developing 
effective water resource management policies and improving our understanding of the effects 
of urban pollution on freshwater habitats. 
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