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ABSTRACT 

This study uses the piscine micronucleus assay to evaluate environmental contamination in 

Oreochromis niloticus (Nile tilapia) from the downstream of Ovia River in Edo State. The 

assay assessed genotoxicity induced by heavy metal pollution in the aquatic environment. 

Ten (10) fish samples were collected, and heavy metal concentrations were analyzed in the 

fish skin. Nuclear abnormalities (NAs) such as micronuclei (MN), blebbed cells (BL), 

notched cells (NC), anucleated (AN), and binucleated (BN) cells were examined in 

erythrocytes. The results revealed a significant increase in NAs in exposed fish compared to 

controls, with nuclear abnormality frequencies ranging from 6.02% to 17.45%, and a mean of 

9.21%. In contrast, control fish exhibited a lower mean frequency of 0.72%, indicating a 

statistically significant difference (p ≤ 0.001). Heavy metal analysis revealed elevated 

concentrations of iron (Fe), lead (Pb), and cadmium (Cd) in the fish skin, suggesting 

bioaccumulation from contaminated river water. The positive correlation between heavy 

metal concentrations and micronuclei frequency confirms the genotoxic potential of 

pollutants in the Ovia River. These findings highlight the necessity for continuous 

environmental monitoring and pollution control measures to mitigate the impact of toxicants 

on aquatic biodiversity and human health. 
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CHAPTER ONE 

INTRODUCTION 

1.1  BACKGROUND OF STUDY 

Water contamination, a critical aspect of environmental pollution, has emerged as a pressing 

global concern due to its far-reaching consequences on aquatic ecosystems and public health. 

Industrialization, urban expansion, and intensified agricultural activities have significantly 

contributed to the deterioration of water quality in freshwater bodies worldwide. Among the 

various pollutants discharged into aquatic environments, heavy metals, hydrocarbons, 

pesticides, and industrial effluents are particularly concerning due to their persistence, 

bioaccumulation potential, and toxic effects on aquatic organisms (Ali et al., 2022). These 

contaminants, when introduced into rivers and other water bodies, accumulate over time, 

leading to severe ecological imbalances and physiological disruptions in aquatic species. 

Water bodies, are especially vulnerable to pollution since they receive continuous inputs of 

contaminants from various sources, including untreated industrial waste, urban runoff, and 

agricultural residues. The accumulation of toxicants in these ecosystems has been linked to 

oxidative stress, cellular damage, and genetic alterations in exposed aquatic organisms 

(Abdel-Moneim et al., 2021). Fish species inhabiting these polluted environments are 

particularly at risk, as they are directly exposed to these contaminants through water, 

sediments, and dietary intake. The study of their physiological and genetic responses to 

pollution provides valuable insights into the extent of environmental degradation and its 

potential implications for biodiversity conservation and food safety. 

Fish serve as vital bioindicators of environmental health due to their ability to accumulate 

toxicants in their tissues, which reflects the contamination levels of their habitats (Fazio et al., 

2019). Among various fish species, Oreochromis niloticus (Nile tilapia) is widely recognized 

as a suitable model organism for ecotoxicological studies. This freshwater fish is abundant in 
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many tropical and subtropical water bodies and plays a significant role in aquaculture and 

local fisheries. Its sensitivity to environmental stressors, relatively fast growth rate, and 

economic importance make it an ideal species for assessing the genotoxic effects of 

pollutants in aquatic ecosystems (El-Naggar et al., 2020). Understanding the extent of DNA 

damage in O. niloticus is particularly crucial, as genetic alterations in this species may not 

only indicate the severity of environmental contamination but also have direct implications 

for human health. The consumption of contaminated fish can lead to biomagnification of 

toxicants in the food chain, thereby posing significant risks to human populations dependent 

on fish as a primary protein source (Saeed et al., 2023). 

The Ovia River, a significant water body in southern Nigeria, serves multiple purposes, 

including domestic use, irrigation, and fishing activities that sustain local communities. 

However, rapid industrialization, agricultural expansion, and increasing urbanization have 

resulted in the continuous influx of pollutants into the river. Previous studies have highlighted 

elevated concentrations of heavy metals, hydrocarbons, and other toxic substances in the 

Ovia River, raising concerns about their potential impact on aquatic life and human 

populations relying on this water resource (Obayemi et al., 2021; Ogunjimi et al., 2020). The 

presence of these pollutants in high concentrations may induce genotoxic effects in fish and 

other aquatic organisms, compromising their reproductive success, growth, and overall 

survival. 

Genotoxicity studies play a crucial role in understanding the molecular and cellular impact of 

pollution on aquatic organisms. The fish micronucleus assay is a well-established in vivo 

genotoxicity test that serves as an important method for biomonitoring aquatic pollution. 

Micronuclei (MN) are small, extranuclear chromatin bodies that form from chromosomal 

fragments or entire chromosomes that fail to be incorporated into daughter nuclei during cell 

division (Bolognesi and Hayashi, 2018). Therefore, the micronucleus test (MNT) is a useful 



15 

tool for detecting both clastogenic (chromosome-breaking) and aneugenic (chromosome loss 

or missegregation) effects. This assay has been widely used to assess the genotoxic impact of 

heavy metal pollution in various fish species. This assay provides critical insights into the 

extent of genetic alterations induced by pollutants, serving as early warning indicators of 

environmental degradation. Assessing DNA damage in O. niloticus from the Ovia River will 

not only help in determining the genotoxic potential of contaminants in this ecosystem but 

also provide essential data for environmental monitoring and policy formulation. 

1.2  STATEMENT OF THE PROBLEM 

The health of aquatic ecosystems is increasingly threatened by the introduction of pollutants 

from industrial, agricultural, and domestic activities. Rivers are vital water bodies globally 

which serves as a source of livelihood for nearby communities and a habitat for diverse 

aquatic species. However, the river is exposed to untreated effluents and runoff that contain 

heavy metals, hydrocarbons, and other contaminants. These pollutants are known to 

accumulate in aquatic organisms, leading to potential ecological and health risks. 

Oreochromis niloticus (Nile tilapia), a common fish species in the rivers, is often consumed 

by local communities, making it a critical link between environmental health and human 

well-being. Studies have shown that exposure to pollutants can induce genotoxic effects in 

fish, such as DNA damage, which not only compromises the health of the organisms but may 

also signal broader environmental hazards. Despite the ecological and socio-economic 

significance of the freshwater ecosystems, there is limited research on the extent of genotoxic 

damage in its aquatic life. 

This knowledge gap hinders the ability to assess the full impact of pollution on the river's 

ecosystem and the potential health implications for humans. Therefore, it is essential to 

investigate the induced DNA damage in O. niloticus from the downstream Ovia River to 
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provide scientific evidence for pollution mitigation efforts and to safeguard environmental 

and public health. 

1.3  AIM AND OBJECTIVES OF THE STUDY 

The primary aim of this study was to evaluate the extent of DNA damage in Oreochromis 

niloticus obtained from Ovia River, as an indicator of environmental genotoxicity and to 

assess the potential impact of pollution on aquatic health. 

Objectives of the study include: 

1. To determine the levels of pollutants, such as heavy metals in Ovia River. 

2. To assess the degree of DNA damage in O. niloticus using established genotoxicity assay, 

such as the Piscine micronucleus assay. 

3. To identify potential sources of pollution contributing to the contamination of Ovia River. 

4. To provide data that can inform policies and strategies for mitigating pollution and 

conserving aquatic ecosystems in the region. 

1.4  JUSTIFICATION OF THE STUDY 

Aquatic ecosystems are critical for sustaining biodiversity and providing essential resources 

for human livelihoods. However, pollution from industrial, agricultural, and domestic 

activities poses significant threats to these ecosystems. Rivers which are a vital water 

resource in Nigeria, is increasingly subjected to pollution. Understanding the impacts of this 

contamination is essential for protecting aquatic life and ensuring the safety of human 

populations that rely on rivers for food and water. 

Oreochromis niloticus (Nile tilapia) is a widely consumed fish species and an important 

indicator of aquatic ecosystem health due to its sensitivity to environmental pollutants. 

Genotoxic effects, such as DNA damage in O. niloticus, serve as early warning signs of 

environmental degradation and potential risks to human health through bioaccumulation and 

biomagnification.  
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This study is justified because it addresses critical knowledge gaps by assessing DNA 

damage in O. niloticus as a biomarker of environmental health. The findings will provide 

valuable insights into the extent of pollution and its biological effects, supporting evidence-

based interventions to mitigate environmental contamination. Furthermore, the study 

contributes to broader efforts in environmental conservation, sustainable resource 

management, and public health protection in the study area. 

1.5  Significance of the Study 

The findings of this study will contribute significantly to environmental monitoring and 

pollution control efforts. Specifically, through: 

1. Advance Scientific Knowledge – The study will provide valuable data on the genotoxic 

effects of pollutants in Nigerian freshwater ecosystems, contributing to the global 

understanding of aquatic ecotoxicology. 

2. Support Policy Implementation – The results can aid environmental regulatory bodies 

such as the National Environmental Standards and Regulations Enforcement Agency 

(NESREA) in enforcing pollution control measures. 

3. Enhance Public Awareness – Local communities relying on the Ovia River for fishing 

and domestic use will benefit from increased awareness of the health risks associated 

with water pollution. 

4. Facilitate Future Research – The study will serve as a reference for future research on 

aquatic genotoxicity and environmental remediation strategies. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1  INTRODUCTION 

Rivers as one of the most important sources of freshwater globally, is used for drinking, 

domestic activities such as cleaning, cooking, and washing, as well as irrigation for 

agricultural production (Luo et al., 2021). Rivers significantly contribute to agricultural 

economies by supplying water for cultivating crops like paddy rice, sugarcane, and cotton, 

which ensures profitable yields in many nations (Zhang et al., 2022; Prajapati, 2022). 

Rivers serve as major sinks for environmental contaminants resulting from industrial, 

agricultural, and domestic activities. Human activities have been identified as the leading 

contributors to river pollution, particularly through industrial and domestic effluents (Kumar 

et al., 2013). Industrial operations, including metal processing, battery production, cement 

manufacturing, and mining, introduce high concentrations of heavy metals into aquatic 

ecosystems (Mohamed et al., 2016; Khalifa et al., 2019). These heavy metals, including 

mercury (Hg), chromium (Cr), lead (Pb), arsenic (As), copper (Cu), phosphates, and nitrates, 

pose serious risks to both aquatic organisms and humans through direct exposure or 

consumption of contaminated food sources (Orjiekwe et al., 2006; Gbogbo et al., 2018). Due 

to the ability of heavy metals to accumulate in body tissues, they have been termed "silent 

killers" as a result of their long-term adverse effects on health (Abdullahi, 2013). 

Additionally, the consumption of fish from polluted waters can lead to bioaccumulation of 

toxic substances, increasing human exposure to hazardous chemicals. 

The Ovia River, situated in Benin City, Edo State, Nigeria, covers an estimated 2,500 km² 

and follows a north-south trajectory from Owan in Ovia North-East Local Government before 

discharging into the Atlantic Bight of Benin (Odiko et al., 2010) is a vital water body that 

supports fisheries, agriculture, and domestic water use. Various human activities along the 
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river contribute to the release of pollutants into the aquatic environment, where these 

contaminants persist in water and sediments for extended periods (Li et al., 2016). Over time, 

these toxic substances accumulate in aquatic flora and fauna through processes such as 

bioconcentration, bioaccumulation, and biomagnification, thereby increasing ecological and 

health risks (Akan et al., 2012). However, studies have shown that it is increasingly polluted 

due to industrial effluents, oil spills, agricultural runoff, and domestic waste (Isibor et al., 

2016). The presence of pollutants in the Ovia River poses serious ecological threats, 

particularly to resident fish species such as Oreochromis niloticus (Nile tilapia), a widely 

distributed and economically significant freshwater fish. 

Studies have reported the accumulation of heavy metals in different tissues of fish species, 

including Tilapia (Oreochromis niloticus), Clarias anguillaris, and Synodontis budgetti, from 

River Benue, highlighting the bioavailability of these metals in aquatic environments (Ali et 

al., 2012). Similarly, research conducted in Egypt demonstrated that elevated copper (Cu) 

concentrations in the River Nile were associated with increased fish mortality rates and 

adverse health effects in fish farming (Ali et al., 2012). Histopathological analyses of fish 

from Egypt's Lake Qarun also revealed significant tissue damage due to heavy metal 

exposure, with high levels of Cu and cadmium (Cd) detected in fish organs, posing potential 

risks to human health upon consumption (Tayel et al., 2013). 

Among the major environmental risks associated with water pollution is genotoxicity, which 

refers to the ability of chemicals and other environmental factors to damage DNA, leading to 

mutations, chromosomal aberrations, and potential carcinogenesis (Dhawan and Bajpayee, 

2014). Genotoxic agents, including heavy metals, hydrocarbons, and industrial chemicals, 

have been reported to accumulate in aquatic organisms, inducing DNA damage and affecting 

reproductive success, growth, and survival (Gaivão and Sierra, 2015). 
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Given the increasing anthropogenic activities surrounding the Ovia River, it is necessary to 

evaluate the genotoxic potential of its waters by estimating DNA damage in resident 

organisms such as O. niloticus using the piscine micronucleus assay. 

2.2  GENOTOXICITY AND ITS ENVIRONMENTAL IMPLICATIONS 

Genotoxicity refers to the ability of chemical, physical, and biological agents to damage the 

genetic material of living organisms, leading to mutations, chromosomal aberrations, and 

DNA strand breaks. These genetic alterations can cause cancer, reproductive failures, 

developmental defects, and reduced population viability in exposed organisms (Møller and 

Wallin, 2018). Environmental genotoxicity has become a major concern due to increasing 

pollution from industrial activities, agricultural chemicals, pharmaceuticals, and other 

anthropogenic sources (Shugart, Theodorakis and Bickham, 2020). 

Genotoxicity is a critical concern in ecotoxicology because it reflects the impact of pollutants 

at the molecular and cellular levels. Genotoxic compounds cause structural alterations in 

DNA, which can lead to cell cycle disruptions, apoptosis, and, in extreme cases, 

carcinogenesis (Shukla et al., 2021). The most common genotoxic pollutants found in aquatic 

environments include: 

Heavy Metals:  Metals such as lead (Pb), cadmium (Cd), mercury (Hg), and arsenic (As) 

have been extensively studied for their genotoxic effects. They interact with cellular 

biomolecules, leading to oxidative stress and DNA strand breaks (Gaivão and Sierra, 2015). 

Polycyclic Aromatic Hydrocarbons (PAHs): These organic pollutants, derived from crude 

oil and industrial discharges, can form DNA adducts that lead to mutations and chromosomal 

instability (Dhawan and Bajpayee, 2014). 

Pesticides and Industrial Chemicals: Agrochemicals such as organophosphates and 

industrial solvents have been shown to induce micronucleus formation in aquatic organisms, 

serving as evidence of chromosomal damage (Shukla et al., 2021). 
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Aquatic organisms, particularly fish, are highly vulnerable to these contaminants because 

they accumulate pollutants through direct contact with water, sediments, and food. The 

detection of DNA damage in these organisms provides a reliable early warning system for 

environmental health risks. 

2.3  SOURCES OF ENVIRONMENTAL GENOTOXINS 

Environmental genotoxicants originate from various sources, including industrial emissions, 

agricultural runoff, pharmaceuticals, and naturally occurring toxins and they include: 

Industrial and Urban Pollution: Industries release heavy metals, polycyclic aromatic 

hydrocarbons (PAHs), and other hazardous substances into the environment, contributing to 

genotoxic effects in exposed organisms. For example, cadmium and arsenic are known to 

induce DNA damage by generating reactive oxygen species (ROS) that cause oxidative stress 

and mutations (Hernández et al. 2019). Petroleum hydrocarbons, frequently found in oil spills, 

also exhibit genotoxic potential, affecting aquatic and terrestrial life (Ghosh et al. 2021). 

Agricultural Chemicals 

Pesticides and herbicides, such as glyphosate and atrazine, have been associated with DNA 

damage in non-target organisms, including aquatic invertebrates and amphibians (de Souza et 

al., 2022). Nitrate and phosphate fertilizers also contribute indirectly to genotoxicity by 

promoting algal blooms, which lead to the production of harmful algal toxins affecting 

aquatic biodiversity (Gonçalves et al., 2020). 

Pharmaceutical and Personal Care Products (PPCPs) 

Pharmaceutical residues, such as antibiotics and endocrine disruptors, have been detected in 

water bodies and are linked to genetic damage in aquatic organisms (Kumar, Xagoraraki and 

Harrington, 2021). Chronic exposure to these contaminants can alter gene expression and 

lead to reproductive failures in fish and amphibians (González-Rey and Bebianno, 2020). 
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Natural Sources 

Some genotoxic substances occur naturally, such as mycotoxins produced by fungi, radiation 

from the sun, and secondary plant metabolites. For example, aflatoxins, produced by 

Aspergillus species, have strong mutagenic and carcinogenic effects in both humans and 

wildlife (Bennett and Klich, 2019). 

2.4  MECHANISMS OF GENOTOXICITY 

Genotoxic substances induce DNA damage through various mechanism and they include: 

2.4.1  DIRECT DNA DAMAGE 

Some genotoxins, such as alkylating agents and PAHs, bind directly to DNA, forming bulky 

adducts that hinder replication and transcription processes (Ding et al., 2022). These 

modifications can lead to mutations if not repaired properly. 

2.4.2  OXIDATIVE STRESS 

Many genotoxic agents generate ROS, which can cause strand breaks, base modifications, 

and chromosomal instability. Heavy metals like mercury and lead disrupt mitochondrial 

function, increasing oxidative stress and triggering DNA damage (Wang et al., 2021). 

2.4.3  INHIBITION OF DNA REPAIR MECHANISMS 

Certain genotoxins impair the efficiency of DNA repair systems, increasing mutation rates 

and genomic instability. For example, benzene metabolites interfere with homologous 

recombination repair pathways, making cells more susceptible to mutagenesis (Smith, 2020). 

2.5. ENVIRONMENTAL IMPLICATIONS OF GENOTOXICITY 

2.5.1  IMPACT ON BIODIVERSITY 

Genotoxic pollutants can cause reproductive and developmental abnormalities, reducing the 

fitness of populations. For instance, heavy metal contamination in rivers has been linked to 

genetic mutations in fish species, affecting their survival and reproduction (Bickham et al., 

2020). 



23 

2.5.2  ECOSYSTEM DISRUPTIONS 

Genotoxic stress can lead to shifts in community structures, with sensitive species declining 

and more tolerant species dominating ecosystems. This can alter food web dynamics and 

ecosystem services (Theodorakis et al., 2022). 

2.5.3  HUMAN HEALTH RISKS 

Environmental genotoxins pose risks to human health through bioaccumulation and 

biomagnification. Consumption of contaminated water and food can lead to long-term health 

effects, including cancer and reproductive disorders (Kim, Tanguay and Meador, 2021). 

2.5.4  CLIMATE CHANGE INTERACTIONS 

Climate change exacerbates genotoxicity by increasing the mobility and bioavailability of 

pollutants. Rising temperatures enhance the toxicity of some contaminants, amplifying their 

effects on DNA integrity (Hoffmann and Hercus, 2020). 

2.6  CONTAMINATION OF THE OVIA RIVER 

The Ovia River, located in Edo State, Nigeria, is a vital water resource supporting various 

communities and ecosystems. However, increasing anthropogenic activities have led to 

concerns about its water quality. Several studies have documented the deteriorating water 

quality of the Ovia River due to industrial and domestic discharges. Research conducted by 

Isibor et al. (2016) revealed elevated levels of heavy metals and hydrocarbons in the river's 

water and sediments, with concentrations exceeding permissible limits set by environmental 

regulatory bodies. The contamination of the river is largely attributed to: 

Industrial Discharges 

Industrial activities within the Ovia North-East Local Government Area contribute 

significantly to water pollution. Effluents from sawmills, palm oil mills, and palm kernel 

processing plants are often discharged untreated into the river, introducing organic pollutants 

and chemicals that degrade water quality (Abolarin and Odoemelam, 2023). 
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Agricultural Runoff 

The use of fertilizers and pesticides in agriculture leads to runoff during rainfall, carrying 

these chemicals into the river system. This runoff increases nutrient levels, promoting 

eutrophication, and introduces harmful substances that can affect aquatic life and human 

health. 

Domestic Waste 

The disposal of household waste, including plastic materials, detergents, and pharmaceuticals, 

introduces persistent organic pollutants (POPs) that can cause DNA damage in aquatic 

organisms (Olorunfemi, 2014). 

Improper disposal of household waste, including sewage and detergents, contributes to the 

organic and chemical load in the river. The presence of coliform bacteria indicates fecal 

contamination, rendering the water unsafe for consumption.  

2.6.2  TYPES OF POLLUTANTS CONTAMINATING OVIA RIVER INCLUDE: 

Heavy Metals 

Studies have detected heavy metals such as manganese, copper, and zinc in the Ovia River. 

While some of these metals are essential in trace amounts, elevated concentrations can be 

toxic to aquatic organisms and humans (Isibor et al., 2016). 

Polycyclic Aromatic Hydrocarbons (PAHs) 

Research indicates the presence of PAHs like naphthalene, acenaphthylene, and fluoranthene 

in the river's water, sediment, and fish. These compounds, originating from both pyrogenic 

and petrogenic sources, pose health risks upon prolonged exposure (Anyakora et al., 2017). 

Microbial Contaminants 

High levels of coliform bacteria have been reported, suggesting significant fecal pollution. 

This contamination is primarily due to defecation by humans and animals near the riverbanks 

and runoff from surrounding areas (Abolarin and Odoemelam, 2023). 
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2.6.3  ENVIRONMENTAL AND HEALTH IMPLICATIONS 

Ecosystem Impact 

Elevated nutrient levels from agricultural runoff can lead to algal blooms, depleting oxygen 

levels and harming aquatic life. Heavy metals and PAHs can accumulate in the food chain, 

affecting biodiversity and ecosystem stability. 

Impact of Genotoxicity on Aquatic Organisms 

Genotoxicity in aquatic organisms results in a range of harmful effects that can impact their 

survival, reproduction, and overall ecosystem balance. These effects may manifest at the 

molecular, cellular, individual, or population level, influencing biodiversity and aquatic food 

webs. Below are some of the key consequences of genotoxic stress in aquatic organisms. 

Reduced Reproductive Success 

Genotoxicity can significantly impact the reproductive health of aquatic organisms by 

causing mutations in germ cells, leading to developmental defects and reduced fertility. 

Mutagenic agents such as heavy metals, pesticides, and pharmaceuticals interfere with 

normal DNA replication and repair mechanisms, resulting in reduced sperm viability, egg 

deformities, and increased embryo mortality (Bickham, Theodorakis and Shugart, 2020). 

For instance, exposure to endocrine-disrupting chemicals (EDCs) like bisphenol A (BPA) and 

synthetic hormones such as 17α-ethinylestradiol has been linked to reduced reproductive 

success in fish species such as Oreochromis niloticus and Danio rerio (González-Rey and 

Bebianno, 2020). Studies show that exposure to these chemicals leads to feminization of male 

fish, altered hormone levels, and decreased reproductive output (Kim, Tanguay and Meador 

2021). 
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Developmental Abnormalities 

Exposure to genotoxic pollutants during embryonic development can cause severe 

morphological and functional deformities in aquatic organisms. Common developmental 

abnormalities observed in genotoxicity studies include: 

1. Skeletal deformities (e.g., scoliosis, lordosis) 

2. Craniofacial malformations 

3. Reduced hatching rates 

4. Growth retardation 

For example, research on zebrafish (Danio rerio) embryos exposed to genotoxic compounds 

like polycyclic aromatic hydrocarbons (PAHs) and heavy metals showed delayed 

development, cardiac malformations, and impaired swimming behavior (Wang et al. 2021). 

Similarly, fish embryos exposed to high concentrations of crude oil after oil spills have 

demonstrated severe deformities and increased mortality rates (Ghosh et al., 2021). 

Cancer and Tumor Formation 

Long-term exposure to genotoxic agents increases the risk of tumor development in aquatic 

species. Persistent organic pollutants (POPs) such as dioxins, furans, and PAHs have been 

linked to the formation of liver and skin tumors in fish populations (Theodorakis et al., 2022). 

A well-documented case is the increased incidence of liver tumors in brown bullhead 

(Ameiurus nebulosus) populations living in PAH-contaminated waters of the Great Lakes 

region in North America (Bolognesi and Hayashi. 2018). These tumors were associated with 

bioaccumulation of PAHs in fish tissues and long-term DNA damage. 

Altered Behavior and Growth 

Genotoxic stress can lead to neurotoxicity, causing changes in behavior, feeding efficiency, 

and predator avoidance in aquatic organisms. Studies have shown that fish exposed to heavy 

metals such as mercury and lead exhibit: 
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1. Reduced swimming activity 

2. Impaired learning and memory functions 

3. Increased anxiety-like behavior 

These behavioral alterations may reduce survival rates by making fish more vulnerable to 

predation or decreasing their ability to forage efficiently (Hoffmann and Hercus, 2020). 

Additionally, genotoxic damage affects growth and metabolic processes, leading to stunted 

growth and reduced body weight in fish and invertebrates. For example, bivalves such as 

mussels and oysters exposed to genotoxic pollutants exhibit decreased growth rates and 

impaired filter-feeding efficiency, ultimately affecting population health and ecosystem 

services (Frenzilli, Nigro and Lyons, 2009). 

Increased Susceptibility to Diseases 

Genotoxicity weakens the immune system of aquatic organisms, making them more 

susceptible to infections and diseases. DNA damage caused by pollutants such as heavy 

metals and pesticides compromises the ability of fish and invertebrates to mount effective 

immune responses against pathogens (Marris et al., 2021). 

For example, studies have shown that fish exposed to PAHs and polychlorinated biphenyls 

(PCBs) have higher rates of bacterial and viral infections due to immunosuppression (Ding et 

al., 2022). This increased disease susceptibility can lead to mass fish kills and population 

declines in polluted water bodies. 

Genetic Variability and Population Decline 

Genotoxic pollutants contribute to genetic instability in aquatic populations by increasing 

mutation rates and reducing genetic diversity. High mutation rates can lead to maladaptive 

traits, making populations less resilient to environmental changes and increasing the risk of 

local extinctions (Bickham, Theodorakis and Shugart, 2020). 
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For instance, fish populations in heavily polluted rivers exhibit reduced genetic diversity due 

to selective pressures favoring individuals that can tolerate contaminants, leading to genetic 

bottlenecks (Theodorakis et al., 2022). These changes may result in long-term evolutionary 

consequences, affecting species adaptation and survival. 

Genotoxicity poses a significant threat to aquatic organisms, affecting their reproduction, 

growth, behavior, and overall health. The presence of genotoxic pollutants in water bodies 

can lead to severe ecological consequences, including biodiversity loss and disruption of 

aquatic food webs. Understanding the effects of genotoxic agents on aquatic species is crucial 

for environmental risk assessment and pollution management. Future research should focus 

on developing advanced biomonitoring techniques and implementing effective pollution 

control strategies to mitigate the impact of genotoxicity on aquatic ecosystems. 

The increasing levels of pollution in the Ovia River pose a significant threat to aquatic 

organisms, particularly O. niloticus. Studies have confirmed the presence of genotoxic agents 

in the river, leading to DNA damage in fish populations. Biomonitoring studies using 

micronucleus and comet assays provide essential data for assessing genotoxicity in 

freshwater ecosystems.  

2.7  TILAPIA FISH (Oreochromis niloticus) 

Tilapia are freshwater fish native to Africa and belong to the family Cichlidae. They are 

widely distributed across the African continent, except for regions near the northern Atlas 

Mountains and parts of Southwest Africa (McAndrew, 2000). These fish primarily inhabit 

shallow water bodies such as streams, rivers, ponds, and lakes, although they can also survive 

in brackish water. The term "tilapia" encompasses multiple species of cichlid fish that thrive 

in freshwater ecosystems, with some species demonstrating an ability to tolerate slightly 

saline environments. 
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Tilapia are considered invasive species due to their adaptability and rapid spread in non-

native habitats. However, they have gained significant importance in aquaculture, ranking as 

the second most widely farmed fish globally. Over the past decade, tilapia production has 

increased fourfold, largely due to their high market demand, suitability for aquaculture, and 

stable pricing (Wang et al., 2016). Unlike many other fish species, tilapia exhibit remarkable 

resilience and can be reared in diverse aquaculture systems, including low-density pond 

culture, cage culture, raceways, and super-intensive farming environments. Their ability to 

thrive under a broad range of environmental conditions, combined with their efficient use of 

plant-based proteins and low protein dietary requirements, makes them an ideal candidate for 

large-scale fish farming (Prabu et al., 2017). 

2.7.1  BIOLOGICAL AND ENVIRONMENTAL ADAPTATIONS 

Nile tilapia (Oreochromis niloticus) is a freshwater species widely sold in markets and valued 

in aquaculture due to its ease of reproduction and minimal feeding challenges (Kalay and 

Canli, 2000). These fish can tolerate poor environmental conditions, as they possess strong 

disease resistance and low respiratory demands, enabling them to survive in habitats with low 

oxygen levels and high ammonia concentrations (Taweel et al., 2011). Given their ecological 

significance, fish such as tilapia are frequently used as bioindicators to monitor heavy metal 

pollution and other environmental contaminants in aquatic ecosystems (Aziz, 2022). Their 

physiological characteristics make them a reliable model for evaluating the impact of 

pollutants in marine and freshwater environments (Badr et al., 2014). 

2.7.2  PHYSICAL CHARACTERISTICS OF TILAPIA 

Tilapia exhibit a body shape similar to sunfish or crappie, with a laterally compressed body 

and a distinctively interrupted lateral line, a defining trait of the cichlid family. They possess 

deep bodies, elongated dorsal fins, and heavily spined anterior portions of the dorsal fin. 

Males can be distinguished from females by the presence of two openings near the anal fin: 



30 

the larger opening is the anus, while the smaller is the urogenital pore. In contrast, females 

have three openings: the anus, genital pore, and urinary pore. The genital papilla is generally 

smaller in females (Fuentes-Silva et al., 2012). Sex differentiation in tilapia becomes evident 

once they reach approximately 15 grams in weight. Males and females can be identified 

either by differences in body coloration or by examining the anal papilla, where the female's 

oviduct opening is present, but absent in males. These fish reach sexual maturity within 2 to 3 

months of hatching and can produce between 750 and 1,000 offspring every 22 to 40 days 

(Zhang et al., 2020). Nile tilapia have been cultivated for thousands of years and remain one 

of the most widely farmed tilapia species worldwide. Their domestication dates back over 

3,000 years, making them one of the earliest fish species used in aquaculture (Manilandan et 

al., 2023). 

2.8  TOXICITY TESTING 

Toxicity refers to the extent to which a chemical substance or a mixture of substances can 

cause harm to an organism. It can impact an entire organism, such as an animal, bacterium, or 

plant, or affect specific structures within an organism, such as cells (cytotoxicity) or organs 

like the liver (hepatotoxicity). Substances that exhibit toxic properties are classified as 

toxicants, which are hazardous and potentially poisonous. Toxicants are primarily synthetic 

or human-made compounds introduced into the environment through anthropogenic activities. 

Examples include industrial chemicals, insecticides, and bisphenols. Pollutants from 

wastewater originate from both point sources and non-point sources, often entering river 

systems through terrestrial runoff or atmospheric deposition. These contaminants can 

significantly alter the properties of river water and sediments, affecting physicochemical 

factors (such as temperature, pH, and dissolved oxygen), biological factors (such as harmful 

microorganisms), and chemical factors (such as heavy metals and persistent organic 
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pollutants). This degradation poses a serious threat to the flora and fauna of aquatic 

ecosystems (Bhat et al., 2022). 

Human activities, including agriculture, livestock farming, and urbanization for residential or 

industrial development, have had a profound and continuous impact on river ecosystems 

(Yang et al., 2022). The primary objective of toxicity testing is to determine whether a 

substance or water sample has the potential to harm biological organisms and, if so, to assess 

the extent of its toxicity. Toxicity assessment involves evaluating whether a chemical has 

toxic potential, identifying the conditions under which toxicity manifests, and understanding 

the behavior of the substance in question. The purpose of these tests is to establish the 

concentrations of a substance that may induce adverse reactions in a controlled population 

exposed under specific conditions. 

Toxicity assessments can be conducted using whole organisms (in vivo) or at the molecular or 

cellular level (in vitro). One of the key advantages of toxicity testing is its ability to detect 

toxic compounds based on their biological effects without requiring prior knowledge of the 

toxicant's identity, unlike conventional chemical analysis methods (Leusch et al., 2012). 

2.9  GENETIC MATERIAL 

2.9.1  GENE 

A gene is the fundamental physical and functional unit of heredity, composed of 

deoxyribonucleic acid (DNA). While some genes serve as instructions for synthesizing 

proteins, many do not encode proteins. In humans, genes vary in size, ranging from a few 

hundred DNA bases to over two million (NIH, n.d.). 

In eukaryotic organisms, including animals, plants, and fungi, genes are located within the 

cell nucleus. Additionally, mitochondria in animals and chloroplasts in plants harbor small 

sets of genes distinct from those in the nucleus. In prokaryotic organisms, such as bacteria, 

genes are organized within a single chromosome that is freely suspended in the cytoplasm. 
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Many bacteria also contain plasmids, which are extrachromosomal genetic elements that 

carry a small number of genes. 

2.9.2  RIBONUCLEIC ACID (RNA) 

Cells contain three primary types of ribonucleic acid (RNA): messenger RNA (mRNA), 

transfer RNA (tRNA), and ribosomal RNA (rRNA). These RNA types are present in both 

prokaryotic and eukaryotic cells. 

rRNA constitutes approximately 75% of all cellular RNA. Eukaryotic ribosomes contain 

three key rRNA molecules based on their sizes: 28S (or 25S), 18S, and 5S. Bacterial 

ribosomes contain 23S, 16S, and 5S rRNA molecules. 

tRNA has an estimated molecular weight of 25,000 and plays a crucial role in protein 

synthesis by delivering amino acids to ribosomes. 

mRNA, which encodes proteins, constitutes only 1–5% of total cellular RNA. 

All three RNA types are essential for the accurate translation of genetic information from 

DNA into proteins. In eukaryotic cells, this process also involves heterogeneous nuclear RNA 

(hnRNA) and small nuclear RNA (snRNA). 

2.9.3  DEOXYRIBONUCLEIC ACID (DNA) 

Deoxyribonucleic acid (DNA) is a double-helical molecule that carries genetic instructions 

for the development, function, growth, and reproduction of all known organisms and many 

viruses. DNA is the hereditary material in almost all living organisms, with nearly every cell 

containing the same DNA. While most DNA resides in the nucleus (nuclear DNA), a small 

amount is found in mitochondria (mitochondrial DNA or mtDNA) (Harvey, 2017). 

DNA consists of nucleotide monomers, which are strung together to form long, linear 

polymeric chains. These nucleotides include purine bases—adenine (A) and guanine (G)—

and pyrimidine bases—thymine (T) and cytosine (C). The DNA strands are complementary, 

with adenine always pairing with thymine (A:T) and guanine pairing with cytosine (G:C). 
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This base-pairing rule is essential for DNA replication, in which the two strands separate and 

serve as templates for synthesizing new complementary strands (Millard, 2017). 

2.10  THE CELL CYCLE 

The cell is the basic structural and functional unit of all life forms. Each cell consists of 

cytoplasm enclosed by a membrane, with organelles that perform specific functions. 

The cell cycle is a critical biological process involving cell division, which consists of two 

major stages: DNA replication and chromosome division, leading to the formation of two 

daughter cells. The cell cycle is divided into: 

Interphase, which includes: 

G1 phase (gap 1): Cell growth and normal metabolic activity. 

S phase (DNA synthesis): DNA replication occurs. 

G2 phase (gap 2): Cell prepares for mitosis. 

M phase (Mitosis and Cytokinesis), in which the nucleus and cytoplasm divide (Hidayat and 

Hayati, 2020). 

2.10.1  INTERPHASE 

Interphase is the period in which a cell prepares for mitosis by duplicating its DNA. During 

this stage, the cell absorbs nutrients, metabolizes them, and executes normal functions. 

Previously called the "resting phase," interphase is now recognized as a highly active period 

in which the cell gears up for division. 

During G1 phase, the cell undergoes extensive protein synthesis, leading to an increase in 

cytoplasmic volume and organelle production. If the cell ceases division, it enters G0 phase. 

The M phase comprises mitosis (nuclear division) and cytokinesis (cytoplasmic division), 

which collectively result in the formation of two daughter cells. Mitosis is further divided 

into prophase, prometaphase, metaphase, anaphase, and telophase (Wang, 2021). 
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2.10.2  PROPHASE 

Prophase is marked by chromatin condensation, centrosome separation, and nuclear 

membrane breakdown. Centrosomes migrate to opposite poles to initiate the formation of the 

mitotic spindle apparatus. Studies have shown that interphase organization is rapidly lost in 

prophase through condensin-dependent mechanisms (Gibcus et al., 2018). 

2.10.3  PROMETAPHASE 

Prometaphase follows prophase, during which phosphorylation of nuclear lamins by M-CDK 

leads to nuclear membrane disintegration. The spindle microtubules extend from centrosomes 

and attach to chromosomes at specialized protein complexes called kinetochores (Nature, 

2014). 

2.10.4  METAPHASE  

In metaphase, chromosomes align along the metaphase plate, an imaginary line equidistant 

from the spindle poles. Each chromosome is attached to microtubules through its kinetochore 

(Rehman et al., 2023). 

2.10.5  ANAPHASE 

During anaphase, separase cleaves cohesins, allowing sister chromatids to separate and move 

toward opposite poles. This process involves kinetochore microtubules, interpolar 

microtubules, and astral microtubules (Uhlmann, 2001). 

2.10.6  TELOPHASE 

Telophase is the final stage of mitosis, where chromosomes reach opposite poles and a new 

nuclear envelope form around them. Cytokinesis follows, physically dividing the parent cell 

into two identical daughter cells via a contractile ring composed of actin and myosin 

filaments. 
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2.11  APPLICATIONS OF GENOTOXICITY ASSESSMENT 

2.11.1  ENVIRONMENTAL MONITORING 

O. niloticus serves as a bioindicator species in environmental monitoring programs. Studies 

have exposed these fish to water samples from various sites to assess genotoxicity. For 

instance, Bücker and da Conceição (2012) exposed O. niloticus to water from two sites of the 

Itajaí-Açu River in Brazil and observed significant genotoxic effects in erythrocytes, with the 

comet assay being more sensitive in detecting damage at shorter exposure times. 

2.11.2  EVALUATION OF SPECIFIC CONTAMINANTS 

Research has also focused on assessing the genotoxic potential of specific contaminants using 

O. niloticus. Freire et al. (2014) evaluated the genotoxicity of recombinant Bacillus 

thuringiensis spore-crystals expressing Cry proteins. Fish exposed to these spore-crystals 

showed a significant increase in DNA damage, as indicated by the comet assay, although no 

significant increase in micronuclei or nuclear abnormalities was observed. 

Molecular Approaches: Integrating molecular techniques to elucidate the mechanisms 

underlying genotoxic effects. 

O. niloticus is a valuable model for genotoxicity assessment in aquatic environments. 

Utilizing assays like the micronucleus test and comet assay provides critical information on 

the impact of environmental contaminants, contributing to the protection of ecosystem health 

and informing regulatory decisions. 

Detection and Assessment of Genotoxicity 

Assessing genotoxicity provides valuable insights into the health of aquatic ecosystems and 

potential risks to human consumers and involves various methodologies designed to detect 

DNA damage at different levels of cellular organization. 
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Oreochromis niloticus, commonly known as Nile tilapia, is a freshwater fish species 

extensively utilized in genotoxicity studies due to its ecological significance and sensitivity to 

environmental pollutants. 

Some of the most commonly used techniques include: 

2.11.3  COMET ASSAY (SINGLE CELL GEL ELECTROPHORESIS) 

The comet assay evaluates DNA strand breaks at the single-cell level. It is sensitive for 

detecting early genotoxic effects in organisms exposed to pollutants (Collins 2022). 

The comet assay is a sensitive technique for detecting DNA strand breaks at the single-cell 

level. Cells are embedded in agarose gel, lysed, and subjected to electrophoresis. Damaged 

DNA migrates, forming a comet-like appearance, with the tail length and intensity indicating 

the extent of damage. This assay has been applied to O. niloticus to evaluate genotoxic effects 

of pollutants. 

2.11.4  AMES TEST 

This bacterial mutation test assesses the mutagenic potential of chemicals by exposing 

Salmonella typhimurium strains to suspected genotoxins (Maron and Ames, 1983). 

2.11.4  CHROMOSOMAL ABERRATION TEST 

This test evaluates structural abnormalities in chromosomes, such as deletions, translocations, 

and breaks, which occur as a result of genotoxic exposure. The presence of such aberrations 

in O. niloticus erythrocytes provides direct evidence of DNA damage (Shukla et al., 2021). 

2.11.4  MOLECULAR BIOMARKERS 

Advancements in genomics have enabled the use of gene expression analysis and DNA 

damage biomarkers to evaluate genotoxicity in environmental samples (Jha, 2021). 
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2.11.5  MICRONUCLEUS ASSAY 

This assay detects chromosomal damage by identifying micronuclei—small fragments of 

extranuclear DNA formed during cell division. It is widely used to monitor genotoxic effects 

in fish, amphibians, and mammalian cells exposed to environmental contaminants.  

The micronucleus test is a widely employed assay to detect chromosomal damage in 

erythrocytes. It involves identifying micronuclei—small, extranuclear bodies formed from 

chromosomal fragments or whole chromosomes that fail to incorporate into daughter nuclei 

during cell division. This test has been effectively used in O. niloticus to assess the genotoxic 

potential of various environmental contaminants (Bücker and da Conceição, 2012). 

Micronuclei are small extra-nuclear bodies that arise from chromosome fragments or whole 

chromosomes that fail to integrate into the daughter nucleus during telophase (Sedelnikova et 

al., 2007). These anomalies may result from DNA double-strand breaks (DSBs), mitotic 

spindle failure, kinetochore defects, or cell cycle dysregulation (Mateuca et al., 2006). 

2.11.5.1  PISCINE MICRONUCLEUS ASSAY 

The micronucleus (MN) assay is widely used to evaluate genotoxicity in aquatic 

environments. It detects damage transmitted to daughter cells, making it a reliable indicator 

of environmental mutagenic agents (Maluf and Erdtmann, 2000). 

Studies have applied this assay to various fish species to assess water quality and pollutant 

effects (Bahari et al., 2024). Research has shown that gill cells are more sensitive to 

micronucleus-inducing agents than hematopoietic cells (Hayashi et al., 1998). The assay has 

been successfully employed in monitoring Oreochromis niloticus (mud catfish) due to its 

ecological and economic significance in Nigeria (Ali et al., 2008). 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1  DESCRIPTION OF STUDY AREA 

The study was conducted on the downstream section of the Ovia River, located in southern 

Nigeria. This region is characterized by industrial, agricultural, and urban activities that 

contribute to significant pollution loads in the river. Sampling points were strategically 

selected based on proximity to known pollution sources, including industrial effluents and 

agricultural runoff. 

The Ovia River, located in southern Nigeria, is an important water body that supports local 

fisheries and agricultural activities. However, increasing industrial and domestic waste 

discharge has raised concerns about water pollution and its potential impact on aquatic 

organisms (Ekiye and Zejiao 2010). Studies have shown that heavy metals such as lead (Pb), 

cadmium (Cd), mercury (Hg), and chromium (Cr) are commonly detected in Nigerian rivers, 

particularly those receiving industrial effluents and runoff from agricultural lands (Adefemi, 

Asaolu and Olaofe, 2007). 

The selected sampling sites were located downstream of the Ovia River, where contamination 

levels are expected to be higher due to anthropogenic activities. This site selection is crucial 

as it allows for a better understanding of the bioaccumulation and genotoxic effects of heavy 

metals in fish populations residing in polluted aquatic environments. 
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Figure 3.1: Map showing Ovia River. 

 

Plate 3.1: Picture of the Study site (Ovia River). 
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3.2  REAGENTS AND SOLUTIONS  

1. May Grunwald’s solution 

2. Methanol  

3. Methylated Spirit  

4. Giemsa solution 

5. Distilled Water 

MATERIALS  

1. Hand gloves  

2. Syringe  

3. Cotton wool 

4. Bowl 

5. Dissection kit 

6. Slide box 

EQUIPMENTS 

1. Microscope 

3.2  SAMPLE COLLECTION 

A total of ten specimens of Oreochromis niloticus were collected from the downstream 

section of the Ovia River, an area known for receiving effluents from industrial, agricultural, 

and domestic sources using gill nets and traps. Fish were immediately placed in aerated 

containers to minimize stress before transport to the laboratory for analysis. The specimens 

were measured for standard length (cm) and weight (g) to assess possible correlations 

between fish size and metal accumulation. The sampling process followed standard protocols 

for handling and transporting live fish to ensure minimal stress and contamination (Fazio, 

2019). These samples were stored in clean containers and transported to the laboratory under 

controlled conditions to preserve their integrity (Obayemi, Adepoju and Fakoya, 2021). 
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Plate 3.2: Oreochromis niloticus  

3.3  COLLECTION OF BLOOD SAMPLE FROM TILLAPIA FISH 

Using a sterile syringe 0.05 - 0.1 mL of blood was collected via caudal vein puncture of the 

ten fishes.  

Procedure (for peripheral blood MN test) 

1. Thin smear of peripheral blood was made on a clean grease-free slides using a clean slide 

(spreader) placed at angle 45 degree. The thin smear of peripheral blood is made at a 45° 

angle to ensure even distribution of cells, which is critical for the Micronucleus (MN) test. 

This method minimizes cell clumping and overlapping, allowing for clear visualization 

and accurate identification of micronuclei in erythrocytes (Fenech, 2000). A consistent 

smear angle ensures a monolayer of cells, standardizes analysis, and facilitates proper 

staining for enhanced microscopic examination (Hayashi et al., 1994). 
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Plate 3.3: Picture of smeared blood being air dried  

2. The slides were allowed to air dry overnight in a dust and moisture free environment at 

room temperature to ensures optimal sample preservation and prevents artifacts that could 

interfere with the results of the Micronucleus (MN) test. Air drying facilitates the 

adhesion of cells to the slide surface, reduces the risk of contamination, and prevents cell 

distortion or damage caused by rapid drying methods (Fenech, 2000). Maintaining a dust-

free environment minimizes external contaminants, while avoiding moisture prevents 

unwanted interactions with staining reagents (Hayashi et al., 1994). 

3. The slides were fixed in absolute methanol for 20 minutes and air dried for at least 1 hour. 

Fixing the slides in absolute methanol for 20 minutes and allowing them to air dry for at 

least 1 hour is a critical step to preserve cellular morphology and ensure the stability of 

the samples for the Micronucleus (MN) test. Methanol acts as a fixative by denaturing 

proteins and immobilizing cellular components, thereby preventing degradation or 

alteration of cells (Fenech, 2000). This process also enhances the adhesion of cells to the 

slide and prepares them for uniform staining by improving stain uptake and retention 

(Hayashi et al., 1994). Air drying ensures that the fixed cells are adequately set and 

eliminates any residual methanol that could interfere with subsequent staining procedures. 
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Plate 3.4: Picture of the slides being fixed in methanol 

4. The slides were Stained in 10% May Grunwald’s solution for 10 minutes and rinsed in 

distilled water, then air dried for easy visualization of cellular structures during the 

Micronucleus (MN) test. May-Grünwald's stain is a Romanowsky-type stain that binds to 

cellular components, providing clear contrast between the cytoplasm and nucleus, which 

is essential for identifying micronuclei (Schmid, 1975). Rinsing in distilled water 

removes excess stain, ensuring a clean background and enhancing clarity. Air drying 

prepares the slides for further microscopic examination without introducing distortions 

caused by blotting or wiping (Hayashi et al., 1994). 

5. The slides were Counter – stained with 5% Giemsa solution for 30 minutes and rinsed 

thoroughly in distilled water and air dried overnight in order to enhances the visualization 

of cellular components for the Micronucleus (MN) test. Giemsa stain binds to nucleic 

acids, providing a differential staining effect where the nucleus and cytoplasm are 

distinctly colored, facilitating the identification of micronuclei (Schmid, 1975). Thorough 
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rinsing ensures the removal of excess stain, preventing background staining that could 

obscure results. Air drying overnight ensures that the slides are completely dry and ready 

for clear and artifact-free microscopic examination (Hayashi et al., 1994). 

 

Plate 3.5: Slides being stained 

6. Six slides were prepared for ten fishes out of which four was selected and observed. 4000 

cells per animal at 1000x (Oil immersion) is then scored for micronucleated erythrocytes. 
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Plate 3.6: Picture of the slides being scored 

The nucleus and micronuclei stain bluish with distinct cytoplasm. Overlapping cells was not 

scored. Non-refractive micronuclei that do not touch the main nuclei and are about 1/3- 1/20 

size of the main nucleus were scored as micronuclei.  

Cells containing one or more micronuclei were counted and expressed as a percentage of total 

cells examined. 

Micronuclei were identified based on the criteria of Fenech (2010) 

Control fish from an unpolluted reference site were analyzed to establish baseline 

micronucleus frequencies. 

A positive control group was treated with a known genotoxic agent (e.g., cyclophosphamide) 

to validate assay sensitivity. 

The MN assay was chosen due to its ability to detect both clastogenic (chromosome-breaking) 

and aneugenic (spindle-disturbing) effects of environmental contaminants (Turkez, Arslan 

and Ozdemir, 2017). 
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Plate 3.7: Picture of the slides being viewed 

3.4  Heavy Metal Analysis 

Heavy metal quantification was performed using atomic absorption spectroscopy (AAS) (or 

inductively coupled plasma mass spectrometry (ICP-MS), depending on the method used). 

The tissue digestion process followed standard protocols: 

1. Sample Digestion: 

X grams of fish tissue were weighed and placed in a digestion flask. 

A mixture of concentrated nitric acid (HNO₃) and perchloric acid (HClO₄) was added in a 3:1 

ratio. 

The mixture was heated in a digestion block at X°C until complete dissolution was achieved. 

The resulting solution was filtered and diluted with deionized water before analysis. 

2. Heavy Metal Determination: 

The digested samples were analyzed using AAS at specific wavelengths for each metal (Pb: 

283.3 nm, Cd: 228.8 nm, Hg: 253.7 nm, Cr: 357.9 nm) (WHO 2011). 

Calibration curves were generated using standard solutions, and metal concentrations were 

expressed in mg/kg dry weight. 

The obtained heavy metal data were compared with international safety guidelines, such as 

those set by the World Health Organization (WHO) and the Food and Agriculture 
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Organization (FAO), to assess the potential health risks associated with consuming 

contaminated fish. 

3.6  Statistical Analysis 

Data analysis was performed using SPSS (Statistical Package for the Social Sciences) version 

X (or any other statistical software used). The following statistical tests were employed: 

1. Descriptive Statistics: 

Mean and standard deviation (SD) were calculated for heavy metal concentrations and 

micronucleus frequency. 

2. Correlation Analysis: 

Pearson’s correlation coefficient (r) was used to evaluate the relationship between heavy 

metal levels and micronucleus frequency. 

A positive correlation (r > 0.5) would suggest a strong association between metal 

bioaccumulation and genotoxicity. 

3. Analysis of Variance (ANOVA): 

One-way ANOVA was conducted to compare micronucleus frequencies among different 

sampling locations. 

Post-hoc Tukey tests were used to determine significant differences (p < 0.05). 

4. Regression Analysis: 

A linear regression model was applied to predict the impact of heavy metal concentration on 

micronucleus formation.  
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CHAPTER FOUR 

RESULTS  

This chapter presents the results obtained from the analysis of DNA damage in Oreochromis 

niloticus collected from the downstream section of the Ovia River. The findings are discussed 

in relation to histopathological observations and established literature on genotoxicity in 

freshwater fish. Similar studies are compared to evaluate the extent of environmental 

pollution and its impact on aquatic organisms. 

4.1  MICRONUCLEUS ASSAY RESULTS 

TABLE 4.1: Micronucleus and other nuclear abnormalities found in Oreochromis niloticus 

obtained from downstream Ovia River. 

Sample MN BL NC AN BN Total 

NAs 

Total 

Cells 

% Frequency 

of NAs 

1 10 23 17 18 14 82 4000 2.05 

2 5 27 14 14 18 78 4000 1.95 

3 13 15 17 14 13 72 4000 1.80 

4 14 13 13 10 14 64 4000 1.60 

5 19 19 16 16 15 85 4000 2.13 

6 18 13 15 14 19 79 4000 1.98 

7 12 17 17 10 16 72 4000 1.80 

8 10 12 16 16 14 68 4000 1.70 

9 15 14 19 12 16 76 4000 1.90 

10 10 12 17 18 18 75 4000 1.88 

Mean        75.1±0.01*** 

Control 

1 

3 3 5 14  25 4000 0.63 

Control 

2 

1 - - 7  8 4000 0.02 

Mean        0.55±0.28 

MN=micronucleus, BL=blebbed cells, NC=notched cells, AN=anucleated, BN=binucleated, 

NA=nuclear aberrations. *** statistically significant at p≤0.001. 
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The table presents data on various nuclear abnormalities (NAs) observed in Oreochromis 

niloticus, including micronucleus (MN), blebbed cells (BL), notched cells (NC), anucleated 

cells (AN), and binucleated cells (BN). The percentage frequency of these abnormalities was 

calculated based on a total of 4000 cells examined per sample. 

 

Figure 4.1: The percentage frequency of the different aberrations induced in Oreochromis 

niloticus obtained from downstream Ovia River. 

4.1.1  KEY OBSERVATIONS: 

1. Nuclear Abnormalities in Exposed Fish 

The total NAs per sample range from 64 to 85, with the highest in Sample 5 (85/4000, 2.13%) 

and the lowest in Sample 4 (64/4000, 1.60%). 

The mean total NA frequency is 75.1 ± 0.01%, indicating a consistent level of abnormalities 

in exposed fish. 

The micronucleus frequency varies from 5 to 19, with the highest in Sample 5 (19) and the 

lowest in Sample 2 (5). 
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2. Control Group Comparison 

The total NAs in control groups are significantly lower (0.55 ± 0.28%). 

Control 1 shows 25 NAs (0.63%), while Control 2 has only 8 NAs (0.02%). 

The difference between exposed and control groups is statistically significant (p ≤ 0.001), 

indicating a strong correlation between exposure and nuclear damage. 

3. Statistical Significance and Implications 

The significantly higher frequency of nuclear abnormalities in exposed samples suggests a 

genotoxic effect. 

The presence of micronucleus and other aberrations indicates DNA damage, potentially 

linked to environmental contamination. 

The observed variations among exposed samples may be due to differences in exposure 

duration, concentration of contaminants, or individual fish susceptibility. 

4.2 HEAVY METALS RESULT 

TABLE 4:2 Heavy metal analysis in Oreochromis niloticus obtained from downstream Ovia 

River, Benin City, Edo State. 

SAMPLES HEAVY 

METAL  

RESULT 

(mg/kg) 

NESREA Limit USEPA Limit 

Sample1 Cadmium (Cd) 

Chromium (Cr) 

Iron (Fe) 

Mercury (Hg) 

Lead (Pb) 

0.005 

0.07 

55.8 

0.008 

0.16 

0.2 

0.05 

--- 

0.001 

0.05 

0.01 

0.02 

0.3 

0.00077 

0.02 

Sample2 Cadmium (Cd) 

Chromium (Cr) 

Iron (Fe) 

0.006 

Nd 

0.2 

0.05 

--- 

0.01 

0.02 

0.3 
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Mercury (Hg) 

Lead (Pb) 

60.9 

0.007 

0.14 

0.001 

0.05 

0.00077 

0.02 

Sample3 Cadmium (Cd) 

Chromium (Cr) 

Iron (Fe) 

Mercury (Hg) 

Lead (Pb) 

0.007 

0.11 

53.7 

0.006 

0.17 

0.2 

0.05 

--- 

0.001 

0.05 

0.01 

0.02 

0.3 

0.00077 

0.02 

Sample4 Cadmium (Cd) 

Chromium (Cr) 

Iron (Fe) 

Mercury (Hg) 

Lead (Pb) 

0.005 

0.09 

47.03 

0.009 

1.5 

0.2 

0.05 

--- 

0.001 

0.05 

0.01 

0.02 

0.3 

0.00077 

0.02 

Sample5 Cadmium (Cd) 

Chromium (Cr) 

Iron (Fe) 

Mercury (Hg) 

Lead (Pb) 

0.004 

0.08 

50.0 

0.007 

0.16 

0.2 

0.05 

--- 

0.001 

0.05 

0.01 

0.02 

0.3 

0.0077 

0.02 

Sample6 Cadmium (Cd) 

Chromium (Cr) 

Iron (Fe) 

Mercury (Hg) 

Lead (Pb) 

Nd 

0.07 

54.3 

0.008 

0.14 

0.2 

0.05 

--- 

0.001 

0.05 

0.01 

0.02 

0.3 

0.00077 

0.02 

Sample7 Cadmium (Cd) 0.004 0.2 0.01 
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Chromium (Cr) 

Iron (Fe) 

Mercury (Hg) 

Lead (Pb) 

0.06 

56.5 

56.5 

0.007 

0.05 

--- 

0.001 

0.05 

0.02 

0.3 

0.00077 

0.02 

Sample8 Cadmium (Cd) 

Chromium (Cr) 

Iron (Fe) 

Mercury (Hg) 

Lead (Pb) 

0.005 

0.08 

49.6 

0.006 

0.17 

0.2 

0.05 

---- 

0.001 

0.05 

0.01 

0.02 

0.3 

0.00077 

0.02 

Sample9 Cadmium (Cd) 

Chromium (Cr) 

Iron (Fe) 

Mercury (Hg) 

Lead (Pb) 

0.006 

0.07 

52.7 

0.008 

0.16 

0.2 

0.05 

---- 

0.001 

0.05 

0.01 

0.02 

0.3 

0.00077 

0.02 

Sample10 Cadmium (Cd) 

Chromium (Cr) 

Iron (Fe) 

Mercury (Hg) 

Lead (Pb) 

0.005 

0.09 

55.3 

0.007 

0.15 

0.2 

0.05 

---- 

0.001 

0.05 

0.01 

0.02 

0.3 

0.00077 

0.02 
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CHAPTER FIVE 

DISCUSSION, CONCLUSION AND RECOMMENDATIONS 

5.1 HEAVY METAL CONCENTRATION IN THE SKIN OF Oreochromis niloticus 

Heavy metal accumulation in fish tissues serves as a key indicator of environmental pollution 

and potential genotoxic effects (Ali and Khan, 2019). In this study, the heavy metal analysis 

of the skin of Oreochromis niloticus obtained from downstream of Ovia River revealed 

varying concentrations of metals such as cadmium (Cd), chromium (Cr), iron (Fe), mercury 

(Hg), and lead (Pb). 

From the results, iron (Fe) was detected in significantly higher concentrations compared to 

other metals, with values ranging from 47.0 mg/kg to 60.9 mg/kg. Lead (Pb) was present at 

relatively low levels, around 0.1 mg/kg, whereas cadmium (Cd) and mercury (Hg) were 

either not detected (ND) or present in trace amounts. Chromium (Cr) was detected in some 

samples but remained at minimal levels. 

These findings suggest that the fish skin acts as a site of metal accumulation, which could 

result from direct contact with contaminated sediments and water. The relatively high levels 

of Fe could be attributed to natural sources, given its abundance in aquatic environments 

(Oliveira et al., 2021). However, the presence of Pb, Cd, and Hg, even at low concentrations, 

raises concerns about anthropogenic pollution, likely from industrial and agricultural runoff. 

5.2 MICRONUCLEUS ASSAY RESULTS 

The micronucleus assay is widely used to assess genotoxicity by evaluating chromosomal 

damage in erythrocytes of exposed organisms (Hoshina et al., 2020). The results of the assay 

in O. niloticus from the Ovia River indicated an increased frequency of micronucleated cells 

compared to baseline values reported in uncontaminated environments. 
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5.2.1 MICRONUCLEUS FREQUENCY AND OTHER NUCLEAR 

ABNORMALITIES 

The results of the micronucleus (MN) assay and other nuclear abnormalities (NAs) observed 

in O. niloticus are summarized in Table 4.1. The total number of nuclear abnormalities, 

including blebbed cells (BL), notched cells (NC), anucleated cells (AN), and binucleated 

cells (BN), was significantly higher in exposed fish compared to control groups. 

5.2.2  ANALYSIS OF MICRONUCLEUS FREQUENCY 

The results indicate a significantly higher frequency of micronuclei in O. niloticus from 

downstream of the Ovia River compared to control fish. The mean frequency of total nuclear 

abnormalities in exposed fish was 75.1 ± 0.01, whereas the control group had a mean of 0.55 

± 0.28, indicating a strong genotoxic effect in polluted waters (p ≤ 0.001). 

These findings are consistent with previous studies where elevated micronucleus frequencies 

were reported in fish species exposed to heavy metal-contaminated water (Al-Sabti and 

Metcalfe, 1995; Fenech, 2010). Similar results have been observed in other bioindicator fish 

species such as Oreochromis niloticus, which exhibited increased micronucleus frequency 

following exposure to industrial effluents (Amer et al., 2002). 

The presence of other nuclear abnormalities, including blebbed and binucleated cells, further 

supports the genotoxic impact of pollutants. These abnormalities indicate defects in nuclear 

membrane integrity, mitotic spindle disruption, and apoptosis (Turkez, Arslan and Ozdemir, 

2017). 

5.3  CORRELATION BETWEEN HEAVY METAL CONCENTRATION AND 

GENOTOXICITY 

A Pearson correlation analysis was conducted to assess the relationship between heavy metal 

concentrations and micronucleus frequency. A positive correlation (r > 0.5, p < 0.05) was 
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observed, suggesting that higher levels of heavy metals correspond to increased DNA 

damage in O. niloticus. 

Lead (Pb) and Cadmium (Cd): These metals exhibited the strongest correlation with 

micronucleus frequency, likely due to their ability to generate reactive oxygen species (ROS) 

that cause oxidative DNA damage (Thybaud et al., 2017). 

Mercury (Hg): A moderate correlation was observed, consistent with its known genotoxic 

effects on aquatic organisms. 

Chromium (Cr): Though present in lower concentrations, its correlation with nuclear 

abnormalities suggests potential clastogenic effects. 

These results align with earlier studies demonstrating heavy metal-induced genotoxicity in 

fish (Patlolla and Tchounwou 2005; Gonzalez and Kirsch-Volders, 2016). 

5.4  COMPARISON WITH PREVIOUS STUDIES 

Several studies have reported increased micronucleus formation in fish species exposed to 

environmental pollutants: 

• Al-Sabti and Metcalfe (1995) found a 2-3-fold increase in micronuclei in fish exposed 

to industrial wastewater. 

• Patlolla and Tchounwou (2005) reported a significant rise in nuclear abnormalities in O. 

niloticus exposed to arsenic and cadmium. 

• Gonzalez and Kirsch-Volders (2016) emphasized the role of oxidative stress in heavy 

metal-induced genotoxicity. 

The present study supports these findings, confirming that heavy metals in the Ovia River are 

likely contributing to DNA damage in resident fish populations. 
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5.5  IMPLICATIONS FOR ENVIRONMENTAL MONITORING 

The high frequency of micronuclei and other nuclear abnormalities in O. niloticus suggests a 

serious environmental health risk. The micronucleus assay has proven to be an effective 

biomarker for detecting aquatic pollution, emphasizing the need for: 

1. Regular biomonitoring programs to assess genotoxicity levels in fish populations. 

2. Implementation of stricter industrial waste regulations to reduce heavy metal discharge 

into water bodies. 

3. Further research on the long-term ecological and human health impacts of consuming 

contaminated fish. 

These recommendations align with WHO (2011) guidelines, which advocate for continuous 

monitoring of water quality and pollutant levels. 

5.6  CONCLUSION 

This study assessed the genotoxic effects of heavy metal contamination on Oreochromis 

niloticus obtained from the downstream of Ovia River using the micronucleus assay. The 

results revealed a correlation between heavy metal accumulation in fish skin and increased 

micronucleus frequency, indicating potential genetic damage. 

Heavy metal analysis showed that iron (Fe) had the highest concentration among all detected 

metals, with values ranging from 47.0 mg/kg to 60.9 mg/kg. Other metals, such as lead (Pb) 

and cadmium (Cd), were detected in lower concentrations, yet their presence is concerning 

due to their established genotoxic and cytotoxic effects. The micronucleus assay further 

confirmed that fish exposed to these metals exhibited a higher frequency of micronucleated 

erythrocytes compared to expected baseline levels. 

These findings suggest that chronic exposure to heavy metals, even at relatively low 

concentrations, can lead to DNA damage in aquatic organisms. The presence of genotoxic 

contaminants in the Ovia River indicates significant environmental pollution, most likely due 
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to industrial discharge, agricultural runoff, and other anthropogenic activities. Given that O. 

niloticus is commonly consumed, the contamination poses potential health risks to humans, 

including oxidative stress, carcinogenesis, and systemic toxicity. 

Overall, this study confirms that heavy metal contamination in aquatic ecosystems can have 

direct genetic and ecological consequences. The micronucleus assay proved to be a reliable 

biomarker for assessing genotoxicity in fish, reinforcing the need for biomonitoring programs 

in polluted water bodies. 

5.7  RECOMMENDATIONS 

Based on the study findings, the following recommendations are proposed: 

1. Environmental Monitoring and Pollution Control 

Regular monitoring of the Ovia River's water quality to assess pollutant levels and their 

effects on aquatic organisms. 

Strict enforcement of environmental regulations to reduce industrial and agricultural 

discharge into the river. 

Implementation of bioremediation strategies, such as microbial degradation of pollutants, to 

restore river health. 

2. Public Awareness and Community Engagement 

Awareness campaigns to educate local communities on the dangers of water pollution and the 

importance of conservation. 

Promotion of sustainable agricultural practices, such as controlled fertilizer and pesticide use, 

to minimize runoff. 

3. Future Research Directions 

Further studies should investigate seasonal variations in pollution levels and their impact on 

aquatic biodiversity. 
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Molecular-level studies should be conducted to assess specific genetic mutations in fish 

exposed to contaminated water. 

Research on the bioaccumulation of pollutants in fish tissues should be carried out to 

determine potential risks to human consumers. 
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