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INTRODUCTION  

 

Fish are one of the main aquatic organisms in the food chain that can accumulate 

large amounts of certain metals above the levels in the aquatic environment from the diet 

(via the gastro-intestinal tracts) and their ambient environment (water and sediments) via 

the respiratory organs (gills) in aquatic organisms (Oguzie & Okosodo, 2008; 

Ambedkar & Muniyan, 2011; Bawuro et al., 2018) since they occupy high trophic 

levels (Moruf & Akinjogunla, 2018). Moreover, they are important source of protein 

and essential nutrients (Blasco et al., 1998; Agah et al., 2009; Akinjogunla et al., 2017; 
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     Environmental pollution from heavy metals (HM) poses serious threats to aquatic 

lives. Fish are particularly vulnerable to sub-lethal doses of HM and may lead to 

genetic mutations and long-term ecological impacts. The study assessed the 

cytogenetic effects of sub-lethal doses of HM—cadmium (Cd), copper (Cu), iron 

(Fe), and lead (Pb)—on Oreochromis niloticus from Uta Ewa Creek, receiving 

aluminium effluent in southeastern Nigeria. O. niloticus samples were exposed to 

three different sub-lethal concentrations (25, 50, and 75%) of Cd, Cu, Fe, and Pb for 

14 days, while a group (control) was unexposed. Random amplified polymorphic 

DNA (RAPD-PCR) was performed using four polymorphic markers (with 60–70% 

polymorphism) to evaluate DNA from all fish groups and to identify genetic 

mutations associated with HM exposure. Genetic differentiation (Gst) in RAPD 

markers was also examined. RAPD profiles revealed increasing DNA damage in O. 

niloticus as HM concentrations rose. Cd showed the highest genotoxicity, followed by 

Cu, Fe, and Pb, compared to control. The control group had 100% GST yield, Pb 

samples had 30.72% while Cd had 4.33%. These indicated that O. niloticus 

bioaccumulate these HM with all tested doses causing significant alterations to blood 

DNA nucleotide sequences. Thus, Uta Ewa Creek contains HM at levels that are 

genotoxic to local fish populations. Therefore, the efficacy of RAPD-PCR as a tool 

for detecting genotoxic effects of environmental pollutants in aquatic species was 

affirmed and there is need for monitoring and regulating metal pollution in aquatic 

ecosystems to protect biodiversity and ecological health. 
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2021). Therefore, they are used for assessment of environmental pollution (Borkovic et 

al., 2008; Akinjogunla & Lawal-Are, 2020).  

Oreochromis niloticus is an example of finfishes that are used for assessment of 

environmental toxicology (presence or absence of pollutants/contaminants) (El-Batrawy, 

2013; Almisherfi et al., 2023). This is because they can accumulate high levels of 

pollutants in water without mass mortality (Ahmed et al., 2020; Whenu et al., 2021). 

They are readily available; widely distributed for repetition and comparison of research; 

most importantly, they are handy, rugged and can be cultured or reproduced in the 

laboratory (El-Sayed, 2015; Alm-Eldeen et al., 2018; Abdelzaher et al., 2022). 

There is a major global concern of heavy metal pollution in aquatic environments. 

There can be bioaccumulation of these heavy metals in the tissues of fish (Adeyemi-Ale 

et al., 2021) and the accumulation of these metals may also flow to the non-target 

organisms (consumers) (Ajala et al., 2022), depending on the level of accumulation or 

type of heavy metal. This may lead to transmissible mutate ones (Osman, 2014; D'Costa 

et al., 2017). Unfavourable consequences such as reproductive capacities, morphological 

abnormalities, mutation (alteration) of the gene cells, and abnormal enzymatic actions 

could be some of the results of the subsequent uptake of heavy metals in the food chain 

by aquatic organisms and man (Obaroh et al., 2015). 

Relevant studies have been carried out to investigate the level of metal 

bioaccumulation in aquatic organisms, water and sediments (Bahnasawy et al., 2009; 

Garg et al., 2009; Authman et al., 2013; Akinrotimi et al., 2015; Ayoola & Taoreed, 

2015; Samuel et al., 2015; Onwuteaka et al., 2015; Abdelaiz et al., 2019; Moruf & 

Akinjogunla, 2019; Abiaobo et al., 2020; Akinjogunla & Lawal-Are, 2020; Adeyemi-

Ale et al., 2021; Shilla & Sawe, 2021; Akinjogunla et al., 2023) and also the genotoxic 

effects of acute and sub-chronic exposure of some heavy metals to various animal models 

(Wang et al., 2009;  Zhang et al., 2010; Monteiro et al., 2011; Varotto et al. 2013; 

Nicosia et al., 2015; Ambreen & Javed, 2016; Sohail et al., 2017) which induced 

reduction of growth rate, mortality, oxidative stress, damaged DNA and affected 

embryogenesis.  

Several assays and biomarkers have been used to assess the level of genotoxic 

impacts of these heavy metals on fish (Farombi et al., 2007; Salem et al., 2014). 

Recently, more sensitive and selective assays through advances in molecular biology 

have been developed (Livingstone et al., 2000; Chevre et al., 2003; Sarkar et al., 2006; 

Adedeji et al., 2012; Tajik-Esmaelili et al., 2017) among which the rapid amplified 

polymorphic DNA (RAPD) have been extensively used in this regard. RAPD is a robust, 

powerful polymerase chain reaction (PCR)-based technique, anchored on random 

genomic segment amplification, able to detect DNA damage and mutations in different 

organisms including fish (Callejas & Ochando, 2001; Rocco et al., 2014) viz. O. 

niloticus (Mahboob et al., 2018; Anwar et al., 2022). 
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Understanding the nature of heavy metal-induced effects at the molecular level 

could provide the required information to proffer options for remediation when such 

event arises. Since the genetic materials (DNA) composition is similar in all living 

organisms, a treated O. niloticus DNA sample was used in this study to determine the 

possible mutagenic effects of Cd, Cu, Fe and Pb in the nucleotides sequence 

rearrangements using Random Amplified Polymorphic DNA (RAPD-PCR) technique. 

Hence, this study aimed to investigate the potential genotoxic effect of heavy metals 

pollution in this economically, commercially and commonly consumed fish species, O. 

niloticus. 

MATERIALS AND METHODS  

 

Sampling area and samples collection 

Uta Ewa Creek is a tributary of Imo River that receives influx of aluminum 

effluents from Aluminum Smelter Company (ALSCON) and domestic waste discharges 

from residential estates around the Creek. Imo River lies on latitude 4º30’32” North of 

the Equator and longitude 7º30’30” East of the Greenwich Meridian. Uta Ewa Creek is 

surrounded by a semi-rural community whose major occupations are fishing and farming 

and the inhabitants of this community depend mainly on rain and surface water as the 

only source of drinking and for domestic purposes (Abiaobo et al., 2020).  

  The Nile tilapia, O. niloticus (Fig. 1) was selected for this heavy metal doses 

response study because it is an economically and commercially important finfish in 

Akwa-Ibom State. This species is widely consumed by a large populace due to its 

palatability and availability all year round. A total of 30 healthy (by physical observation) 

adult-sized O. niloticus with an average weight of 48.6±2.14g and an average length of 

17.1± 0.81cm were collected. During the peak of dry season, the samples were collected 

with water from the creek in two (2) 20L open troughs and transported alive to the 

laboratory for analysis. The specimens were allowed to acclimatize to the laboratory 

water conditions (temp. - 27.0°C, pH of 6.5, salinity - 5‰) for 14 days under a 12-hour 

photoperiod and fed ad libitum with a commercial diet. The water was changed once a 

day to reduce fecal contamination. The fish were treated according to the guidelines of 

the Fisheries and Hydrobiology Unit, Department of Zoology, University of Ilorin, 

Nigeria. 

 

Fig. 1. Whole mount Oreochromis niloticus from Uta Ewa Creek, Akwa Ibom state, 

Nigeria 
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Experimental design 

Semi-static test conditions were followed for this experiment according to the 

OECD (2019) guidelines. The O. niloticus fish were distributed in groups, each 

containing 10 individuals for dose-response studies and control. Concentrations of the 

selected water pollutants – cadmium (Cd); iron (Fe), copper (Cu) and lead (Pb) were 

based on the presence and levels of these environmental metals in the water and sediment 

samples of the Uta Ewa creek, as reported by Ekpo and Ukpong (2014) and O. niloticus 

samples by Abiaobo et al. (2020). 

For each pollutant, three (3) different concentrations in the range 25, 50 and 75% 

were respectively chosen denoting a range of doses. Fe (Iron EDTA) concentrations were 

prepared in the range of 1.8, 3.6, and 5.4mg/ L; Cd (from cadmium chloride) and Cu 

(from copper sulphate) concentrations were prepared in the range of 0.5, 1.0, 1.5mg/ L 

each; and Pb from lead nitrate in the range of 5.2, 10.4, and 15.6mg/ L. All the reagents 

were the products of Sigma-Aldrich®. The fish were exposed to the pollutants for a 

period of 14 days. The water was discarded and renewed daily along with the dose of the 

respective pollutant. Another group was maintained in parallel without any pollutant 

exposure and was used as the negative control. 

 

Blood sampling and DNA extraction  

Blood samples were drawn from the caudal vein under sterile conditions from a 

total of 52 fish (four samples from each concentration). The needle was run as deep as 

possible through the middle line just behind the anal fin in a dorso-cranial direction. DNA 

was extracted and purified from whole blood collected samples using a Blood-Animal-

Plant DNA preparation kit (Jena Biosci., Germany) according to the manufacturer’s 

protocol. The quality and quantity of extracted DNA samples were verified using 260nm 

(NanodropTM 1000 spectrophotometer, Thermo Scientific., Waltham, MA, USA). The 

concentrations of extracted DNA samples were adjusted to 25µg/ µL for PCR 

amplification a QIAamp® DNA blood mini-Kit (Qiagen Germany). 

RAPD-PCR amplification 

PCR amplification was performed using four (4) commercially available decamer 

random primers (1 – OPCO4; 2 – OPCO2; 3 – OPBO6 and 4 – OPBO5), chosen 

arbitrarily based on the guanine and cytosine (GC) content of 60 - 70% polymorphism for 

these experiments (Table 1). A total reaction volume of 15μl contained 5μg genomic 

DNA, 0.2 UM of each primer, 1x of Taq polymerase buffer, 2 units of Taq polymerase 

(Fermentas). PCR amplification was performed under cycling conditions of 96°C for 

4min, followed by 35 cycles of 94°C for 30sec, 55°C for 1min, 72°C for 1min terminated 

with elongation at 72°C for 10min.  

Gel electrophoresis 

Length and purity of the PCR products were evaluated by 1.5% (w/v) agarose gel 

containing ethidium bromide (0.5ug/ml) in 1X Tris Borate EDTA buffer at 95 volts 
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 Table 1. Sequence and amplified band size range of RAPD markers used on DNA of O. 

niloticus 

Primers 

number  

Nucleotide Sequences 

 (5’ – 3’) 
Size range (bp) 

GC (%)     PIC 

1 CCGCATCTAC 497 – 2039 60            0.747 

2 GCCAGATCAG 438 – 1985 60            0.661 

3 TGCTCTGCCC 302 – 2288 70            0.634 

4 TGAGGGCCGT 229 – 2083 70            0.786 

 Keys:  A: Adenine, T: Thymine, G: Guanine and C: Cytosine, PIC – Polymorphic. 

 

 Information content 

The bands were visualized under ultraviolet light (UV light) using a D-digit gel 

scanner trans-illuminator and the gels were photographed using a digital gel 

documentation system (Bio-Rad, USA). DNA fragment sizes were estimated by their 

comparison with standard molecular size markers. 

 

Estimate of genetic differentiation (Gst %) 

Genetic differentiation (Gst) was calculated by using Nei (1987) formula:  

             

Where, Hs is sample gene diversity  

 Ht is total gene diversity 

 

Statistical analysis  

Statistical analyses were conducted using SPSS software, version 16. To identify 

significant differences between the control and treated groups, a one-way ANOVA was 

performed. All analyses were evaluated at a significance level of P<0.05. 

 

RESULTS  

 

RAPD profile evaluation of selected heavy metal sub-lethal dose treatments in O. 

niloticus 

The RAPD profile generated using the four commercially available decamer 

primers are shown in Fig. (2). The profile shown represent the RAPD profiles for O. 

niloticus in the control and the different pollutants. The banding patterns of O. niloticus 

in the pollutants clearly exhibited differences, while those of the control group were not 

changed. Polymorphism and monomorphism bands of the different treatment schedules 

of the heavy metals in the blood of O. niloticus are summarized in Table (2), where 

Pb50% and Fe75% showed the highest number of polymorphic bands (11), closely 

followed by Primer 2 with sub-lethal doses of 50% Cd and Cu, Primer 3 with sub-lethal 
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doses of 50% Cd and 75% Fe and Primer 4 with 75% Cd and 25% Fe with 10 

polymorphic bands representation each. For cadmium (Cd) treatments, Primer 2 had the 

highest representations of polymorphic bands of 29, followed by Primer 3 with 27 

representations, Primer 4 with 21 and Primer 1 with 18 polymorphic bands 

representation. 

Table 2. RAPD banding patterns of Oreochromis niloticus blood by heavy metal 

treatments using selected decamer primers 

Heavy metals/ Treatment 

Primer 1 Primer 2 Primer 3 Primer 4 

a* b* a* b* a* b* a* b* 

Cd25% 6 0 7 1 8 0 2 1 

Cd50% 6 1 10 0 10 0 9 0 

Cd75% 6 0 12 0 9 0 10 0 

Sub Total 18 1 29 1 27 0 21 1 

Cu25% 5 2 8 1 4 0 9 0 

Cu50% 5 2 10 1 7 0 9 0 

Cu75% 6 0 8 1 9 0 8 2 

Sub Total 16 4 26 3 20 0 26 2 

Pb25% 6 1 8 1 6 1 8 1 

Pb50% 5 2 11 1 6 1 7 2 

Pb75% 6 3 8 0 9 0[ 8 1 

Sub Total 17 6 27 2 21 2 23 4 

Fe25% 3 1 5 0 6 0 10 2 

Fe50% 5 2 9 1 9 0 9 3 

Fe75% 6 0 11 0 10 1 7 0 

Sub Total 14 3 25 1 25 1 26 5 

Grand Total 65 14 107 7 93 3 96 12 

 Note: a* - Polymorphic bands; b* - monomorphic bands; Cd – Cadmium; Cu – Copper; Pb- Lead; Fe – 

Iron; 25%, 50% and 75% - sub-lethal does treatment schedules; Primer 1 – OPCO4 ; primer 2 – OPCO2; 

primer 3 – OPBO6; primer 4 – OPBO5 
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All the primers had 1 representation for the monomorphic bands, except for Primer 3. 

Copper (Cu) had double highest representation of 26 polymorphic bands in Primers 2 and 

4, followed by Primer 3 with 20 polymorphic band representations and Primer 1 with 16 

polymorphic bands. The highest monomorphic band representations were found in Primer 

1 (4 bands), followed successively by Primer 2 with 3 bands and Primer 4 with 2 bands 

while no monomorphic band was found in Primer 3. 

Lead (Pb) has a wide gap representation of 27 polymorphic bands representation 

in Primer 2, followed by Primer 4 with 23 polymorphic bands.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. a, b, c and d: Detection of PCR products of primers on 2% agarose gel 

electrophoresis on O. niloticus 

Key: M / L: DNA ladder; -ve: negative control; 1: Cadmium treated O. niloticus; 2: Copper 

treated O. niloticus; 3: Lead treated O. niloticus; 4: Iron treated O. niloticus; 5: Non treated O. 

niloticus 

The highest monomorphic band counts of 6 were found in Primer 1, while the 

lowest monomorphic band counts of 2 were found in Primers 2 and 3. For Iron (Fe) sub-

lethal dose treatments, Primer 4 had the highest polymorphic and monomorphic band 

representations of 26 and 5, respectively. 

a) OPCO4 b) OPCO2 

c) OPCO6 

 

d) OPCO5 
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In summary, polymorphic bands occurred in this order: Primer 2 (107 bands) > 

Primer 4 (96) > Primer 3 (93) > Primer 1 (65) while the monomorphic bands were 

represented in this order: Primer 1 (14) > Primer 4 (12) > Primer 2 (70) > Primer 3 (3). 

 

Effect of heavy metals on genetic differentiation (Gst) in O. niloticus 

Estimation of Gst yielded by RAPD markers in O. niloticus is illustrated in Fig. 

(3). The estimated Gst yield for control treatment was at 100% for the species. The 

highest % Gst yield was for lead (GstPb) in O. niloticus with 30.72%, copper (GstCu) at 

17.89%, iron (GstFe) at 14.81%, while the least was cadmium (GstCd) with 4.33%. 

 
Fig. 3. Estimate of genetic differentiation (Gst %) yield by RAPD markers in O. niloticus 

exposed to heavy metal 

In Fig. (4), the trend showed a decline in Gst as the sub-lethal doses (25, 50 and 

75%) increases for all evaluated heavy metals (Cadmium, copper, lead and iron) in O. 

niloticus. The highest and lowest Gst evaluated for all metals were recorded for cadmium 

(Gstcd) at 78.27 and 4.42% at sub-lethal doses of Cd25% and Cd75%,, respectively, while 

evaluation of Gst for Iron (GstFe) had the closest margin of 12.94 and 11.46% at Fe50% 

and Fe75% sub-lethal treatment doses, respectively.   
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Fig. 4. Gst of O. niloticus in evaluated heavy metal sub-lethal doses 

                  

DISCUSSION 

 

The findings of this study underscore the potential genotoxicity of heavy metals 

present in Uta Ewa Creek, a critical aquatic habitat supporting diverse biota and serving 

economic and ecological roles. The study focused on O. niloticus (Nile tilapia), chosen as 

a bioindicator due to its ecological ubiquity, economic significance, and sensitivity to 

environmental changes. By examining sub-lethal doses of cadmium (Cd), copper (Cu), 

iron (Fe), and lead (Pb), the research revealed significant genetic alterations, pointing to 

the severe genotoxic impact of these metals. This aligns with previous studies indicating 

that fish, occupying high trophic levels, bioaccumulate heavy metals, leading to 

toxicological and genetic consequences (Ambedkar & Muniyan, 2011; Bawuro et al., 

2018). 

Heavy metal pollution is a critical environmental issue globally, particularly in 

industrial and urban areas where water bodies often serve as repositories for effluents. 

Uta Ewa Creek is no exception, with its proximity to industrial activities and agricultural 

runoff contributing to heavy metal contamination. These metals enter aquatic systems 

through direct discharge, leaching from soils, and atmospheric deposition, subsequently 

being absorbed or ingested by aquatic organisms. Fish like O. niloticus are particularly 

vulnerable, as their gill membranes, skin, and alimentary canal serve as sites for metal 

uptake (Fernandes et al., 2008). 

The bioaccumulation of heavy metals in fish is of concern, due to its cascading 

effects on the food chain. Studies indicate that these metals accumulate in fish tissues, 

leading to adverse physiological effects, including oxidative stress, immune suppression, 

and genotoxicity. For instance, cadmium has been shown to impair enzymatic functions 
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and disrupt cellular homeostasis, resulting in genetic mutations (Liu et al., 2005; Kumar 

et al., 2015). Similarly, lead exposure disrupts calcium metabolism, causing neurological 

and genetic impairments in fish and higher organisms (Shahzad et al., 2018). 

Among the metals studied, cadmium emerged as particularly genotoxic, with 

increasing DNA damage observed with rising concentrations. This finding corroborates 

earlier research where cadmium exposure induced genetic mutations and chromosomal 

aberrations in various aquatic organisms. Cadmium's high genotoxicity can be attributed 

to its ability to generate reactive oxygen species (ROS), leading to oxidative damage and 

DNA strand breaks. Furthermore, cadmium can replace essential metals in 

metalloenzymes, disrupting cellular functions and exacerbating genetic instability (Jin et 

al., 2003; Kumar et al., 2015). 

Other metals such as copper and lead, while essential in trace amounts, also 

exhibited genotoxic effects when present at higher concentrations. Copper, an essential 

trace metal, becomes toxic at elevated levels, inducing lipid peroxidation and DNA cross-

linking. Lead, on the other hand, is a non-essential metal with no biological role, and its 

toxicity arises from its ability to mimic calcium, disrupting cellular signaling pathways 

and DNA repair mechanisms (Shahzad et al., 2018). 

This study employed Random Amplified Polymorphic DNA (RAPD)-PCR analysis 

to assess the genotoxic effects of heavy metals on O. niloticus. RAPD-PCR is a 

molecular tool that detects DNA sequence changes by amplifying random segments of 

the genome. The resulting polymorphic bands provide a snapshot of genetic alterations, 

making it a sensitive and cost-effective method for monitoring genotoxicity. 

In this study, the polymorphism observed with primers 2 and 4 was particularly 

notable, indicating significant genetic damage. The effectiveness of RAPD-PCR in 

identifying nucleotide sequence rearrangements has been demonstrated in various studies, 

reinforcing its value as a biomonitoring tool. For instance, Aksakal and Esim (2015) 

used RAPD-PCR to detect genetic damage in fish exposed to heavy metals. On the other 

hand, Salem et al. (2014) employed the technique to assess the genotoxic effects of 

industrial effluents. These studies, along with the current findings, underscore the 

versatility and sensitivity of RAPD-PCR in environmental genotoxicity research. 

The genotoxic effects of heavy metals on the Nile tilapia have far-reaching 

ecological and economic implications. Genetic damage in fish can impair vital 

physiological functions, including reproduction, growth, and immunity, ultimately 

reducing population viability. This is particularly concerning for Uta Ewa Creek, where 

O. niloticus plays a critical role in the food web and supports local fisheries. The 

destabilization of fish populations can have cascading effects on the aquatic ecosystem, 

as fish contribute to nutrient cycling and energy flow. Furthermore, the bioaccumulation 

of heavy metals in fish poses a direct threat to human health. Fish are a major dietary 

protein source in many regions, and the consumption of contaminated fish can lead to 
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metal toxicity in humans, manifesting as neurological, renal, and cardiovascular disorders 

(Alipour et al., 2014). 

The findings of this study highlight the urgent need for stricter regulation of 

industrial effluents and agricultural runoff to mitigate heavy metal pollution in Uta Ewa 

Creek. Despite existing environmental regulations, enforcement remains a challenge, 

often due to inadequate monitoring and limited public awareness. Strengthening 

regulatory frameworks and investing in pollution monitoring infrastructure are essential 

steps toward addressing this issue. 

Community engagement is equally critical. Raising awareness about the ecological 

and health risks associated with heavy metal pollution can empower local communities to 

advocate for better environmental practices. Educational programs and stakeholder 

involvement in conservation initiatives can foster a collective effort to protect Uta Ewa 

Creek and its biodiversity. 

While this study provides valuable insights into the genotoxic effects of heavy 

metals on O. niloticus, further research is needed to unravel the molecular mechanisms 

underlying these effects. Understanding the pathways through which heavy metals induce 

DNA damage can inform the development of biomarkers for early detection of 

genotoxicity in aquatic organisms. Additionally, exploring the potential for genetic 

adaptation or resistance in fish populations exposed to heavy metals could provide new 

perspectives on ecosystem resilience. 

Molecular-level investigations should also focus on the interactions between heavy 

metals and other environmental stressors, such as temperature fluctuations, hypoxia, and 

pathogen exposure. Such multi-stressor studies are crucial for understanding the 

compounded effects of pollution in dynamic aquatic ecosystems. 

 

CONCLUSION 

 

The study underscores the severe genotoxic effects of heavy metals in Uta Ewa 

Creek, with significant implications for aquatic biodiversity and human health. O. 

niloticus, as a bioindicator, revealed genetic alterations when exposed to cadmium, 

copper, iron, and lead, highlighting the pervasive impact of metal pollution. RAPD-PCR 

analysis proved to be a robust tool for detecting genetic damage, providing a basis for 

biomonitoring and environmental assessment. 

Addressing heavy metal pollution in Uta Ewa Creek requires a multifaceted 

approach, combining stringent regulation, community engagement, and scientific 

research. Protecting this vital aquatic habitat is essential not only for preserving its 

ecological functions but also for safeguarding the health and livelihoods of local 

communities. As industrialization and urbanization continue to threaten aquatic 

ecosystems worldwide, the findings of this study serve as a call to action for sustainable 

environmental management. 

 



Adeyemi-Ale et al., 2025 

 

REFERENCES  

 

Abdelaiz, D.; Abdelali, E.; Gaidoumi, I.; Chaouni, B.; Taleb, A. and Abdelhak, K.

 (2019). Characterization and quantification of heavy metals in Oued Sebou

 sediments. The Scientific World Journal, 2019, 1–9.  

Abiaobo, A.; Ekpo, B. and Ukpong, C. (2020). Evaluation of heavy metals 

concentration in Uta Ewa Creek and its aquatic life. Journal of Environmental Studies, 

12(3): 78–89. 

Adedeji, O.B.; Okerentugba, P.O. and Okonko, I.O. (2012). Use of Molecular,

 Biochemical and Cellular Biomarkers in Monitoring Environmental and Aquatic

 Pollution. Nature and Science, 10: 83-104. 

Adeyemi-Ale, O.A.; Oladipo, S.O. and Abdulkareem, S.I. (2021): Bioaccumulation of 

auto-mechanic wastes in the tissues of Pellonula afzeliusi (Johnels, 1954) 

collected from Agba stream Ilorin, Kwara State, Nigeria. Ife Journal of Science, 

23 (2): 63-73. 

Agah, H.; Leermakers, M.; Elskens, M.; Fatemi, S. M. and Baeyens, W. (2009). 

Accumulation of trace metals in the muscle and liver tissues of five fish species 

from the Persian Gulf. Environmental Monitoring and Assessment, 157: 499-514. 

Ahmed, N.; Ghannam, H. and Tayel, S. (2020). Biochemical and histopathological 

responses of Oreochromis niloticus and Cyprinus carpio to sub-lethal exposure of 

ictacrune pesticide. Egyptian Journal of Histology, 43(3): 918-930. doi: 

10.21608/ejh.2020.21602.1224. 

Ajala, O.A.; Oke, M.R.; Ajibade, T.F.; Ajibade, F.O.; Adelodun, B.; Ighalo, J.O.; 

Ajala, M.O.; Kumar, P.; Demissie, H.; Ugya, A.Y.; Sulaymon, I.D. and Silva, L.F.O.

 (2022). Concentrations, bioaccumulation, and health risk assessments of heavy

 metals in fishes from Nigeria's freshwater: a general overview. Environmental

 Science and Pollution Research International 29(55):82660-82680. 

Akinjogunla, V.F. and Lawal-Are, A.O. (2020). Seasonal assessment of the impacts of

 heavy metal deposits in Crassostreagasar (Adanson, 1757) from the mangrove 

swamp of the Lagos Lagoon Lagos, Nigeria. Journal of Experimental Research, 8(

2): 21-31. 

Akinjogunla, V.L.; Lawal-Are, A.O and Soyinka, O.O. (2017). Proximate composition 

and mineral contents of mangrove oyster Crassostrea gasar from Lagos Lagoon, 

Lagos, Nigeria. Nigerian Journal of Fisheries and Aquaculture, 5(2): 36-49. 

Akinjogunla, V.F.; Mudi, Z.R.; Akinnigbagbe, O.R. and Akinnigbagbe, O.E. (2021). 

Biochemical Profile of the Mangrove Oyster, Crassostrea gasar (Adanson, 1757) 

from the Mangrove Swamps, South-West, Nigeria. Tropical Journal of Natural 

Product Research, 5(12): 2137-2143. 

Akinrotimi, O.; Makinde, O.O. and Edun, O.M. (2015). Seasonal Variation of Heavy 

Metals in Selected Sea Foods from Buguma and Ekerekana Creeks Niger Delta. 



1783 
Genotoxicity Mutation in Oreochromis niloticus Exposed to Sub-Lethal Doses  

of Selected Water Pollutants 
 

 

International Journal of Innovative Studies in Aquatic Biology and Fisheries, 

1(1):46-53. 

Aksakal, O. and Esim, N. (2015). Evaluation of arsenic trioxide genotoxicity in wheat 

seedlings using oxidative system and RAPD assays. Environmental Science and 

Pollution Research, 22(9), 7120–7128. 

Alipour, H.; Pourkhabbaz, A. and Hassanpour, M. (2014). Estimation of potential 

health risks for some metallic elements by consumption of fish. Water Quality, 

Exposure, and Health, 7(2), 179–185. 

Alm-Eldeen, A.A.; Donia, T. and Alzahaby, S. (2018). Comparative study on the toxic

 effects of some heavy metals on the Nile Tilapia, Oreochromis niloticus, in the

 Middle Delta, Egypt. Environ Sci Pollut Res Int., 25(15):14636-14646. doi:

 10.1007/s11356-018-1677-z.  

Almisherfi, M.; Moneer, A.; Morshedy, M.; El-Shahawi, F. and Khalifa, M. (2023).

 Exposure of Nile Tilapia, Oreochromis niloticus to Chlorantranliliprole inducing

 Biochemical Alterations and histopathological Perturbations Aggravated in the

 presence of Nano Zinc Oxide. Egyptian Journal of Chemistry, 66(8), 227 - 237. 

Ambedkar, G. and Muniyan, M. (2011). Bioaccumulation of some heavy metals in

 selected freshwater fish from Kollidam River, Tamil Nadu, India. Archives of

 Applied Science Research, 3(3), 261–264. 

Atienzar, F.A. and Jha, A.N. (2006). The random amplified polymorphic DNA (RAPD)

 assay and related techniques applied to genotoxicity and carcinogenesis studies: A

 critical review. Mutation Research/Reviews in Mutation Research, 613(2–3), 76–

102. 

Ayoola, S.O. and Taoreed, F.Y. (2015). Heavy metals accumulation in water, sediment 

and fish Chrisichthys nigrodigitatus and Sarotherodon melanotheron at Igbede 

river, Lagos, Nigeria. Nigerian Journal of Life Sciences, 5(2): 309-323. 

Authman, M.M.N.; Ibrahim, S.A.; El-Kasheif, M.A.E. and Gaber, H.S. (2013). 

Heavy metals pollution and their effects on gills and liver of the Nile catfish 

Clarias gariepinus inhabiting El-Rahawy drain, Egypt. Global Veterinaria, 

10(2):103-115. 

Bahnasawy, M.; Khidr, A.A. and Dheina, N. (2009). Assessment of heavy metals 

concentrations in water, plankton and fish of Lake Manzala, Egypt.  Egyptian 

Journal of Aquatic Biology and Fisheries, 13(2): 117-133.  

Banni, M.; Jebali, J.; Daubeze, M.; Clerandau, C.; Guerbej, H.; Narbonne, J.F. and  

Bousetta. (2005). Monitoring pollution in Tunisian coasts: application of a

 classification scale based on biochemical markers. Biomarkers, 10:105–116. 

Barriga-Sosa, I.A.; Jiménez-Badillo, M.D.L.; Ibáñez- Aguirre, A.L. and Arredondo-

Figueroa, J.L. (2004). Variability of tilapias (Oreochromis spp.) introduced in 

Mexico: morphometric, meristic and genetic characters. Journal of Applied 

Ichthyology, 20: 7-14. 



Adeyemi-Ale et al., 2025 

Bawuro, A.A.; Voegborlo, R.B. and Adimado, A.A. (2018). Bioaccumulation of heavy 

metals in some tissues of fish in Lake Geriyo, Adamawa State, Nigeria. Journal of 

Environmental and Public Health, 2018: 1–7. 

Blasco, J.; Rubio, J. A.; Forja, J.; Gomez-Parra. A. and Establier, R. (1998). Heavy 

metals in some fishes of the Mugilidae family from salt-pounds of Cadiz Bay, SW 

Spain. Ecotoxicology and Environmental Research, 1:71-77. 

Borković, S.S.; Pavlović, S.Z.; Kovačević, T.B.; Stojn, A.S.; Petrović, V.M. and 

Saičić, Z.S. (2008). Comparative Biochemistry and Physiology. Part C: 

Toxicology and Pharmacology, 147(1): 122-128. 

Chevre, A.M.; Eber, M.; Jenczewski, E.; Darmency, H. and Renard, M. (2003). 

Investigating oxidative DNA damage and its repair using the comet assay. 

Mutation Research. 681 (1): 24–32. 

D'Costa, A.; Shyama, S.K. and Praveen Kumar, M.K. (2017). Bioaccumulation of 

trace metals and total petroleum and genotoxicity responses in an edible fish 

population as indicators of marine pollution. Ecotoxicology and Environmental 

Safety 142: 22-28. 

El-Batrawy, O.A.; El-Gammal, M.I.; Mohamadein, L.I; Darwish, D.H. and El-

Morselhy, K.M. (2018). Impact of heavy metals on tilapia fish, Oreochromis 

niloticus in Burullus Lake, Egyptian Journal of Basic and Applied Zoology, 79, 

13.  

El-Sayed, E. (2015). Accumulation of some heavy metals and its effect on hematological 

indices of fresh water fish, Oreochromis niloticus. Egyptian Journal of Aquatic 

Biology and Fisheries, 19(2), 89-100. doi: 10.21608/ejabf.2015.2260. 

 

Enan, M.R. (2006). Application of random amplified polymorphic DNA (RAPD) to 

detect the genotoxic effect of heavy metals. Biotechnology and Applied 

Biochemistry, 43:147-154, doi:10.1042/BA20050172. 

Farombi, E.O.; Adelowo, O.A. and Ajimoko, Y.R. (2007). Biomarkers of oxidative 

stress and heavy metal levels as indicators of environmental pollution in African 

catfish (Clarias gariepinus) from Nigeria Ogun River. International Journal of 

Environmental Research and Public Health, 4:158–165.  

Galloway, T.S.; Sanger, R.C.; Smith, K.L.; Fillmann, G.; Readman, J.W.; Ford, 

T.E. and Depledge, M.H. (2002). Rapid assessment of marine pollution using 

multiple biomarkers and chemical immunoassays. Environmental Science and 

Technology, 36: 2219–2226. 

Garg, M. R.; Bhanderi, B.M., and Sherasia, P.L. (2009). Macro and micro-mineral 

status of feeds and fodders fed to buffaloes in the semi-arid zone of 

Rajasthan. Animal Nutrition and Feeding Technology, 9: 209–220. 



1785 
Genotoxicity Mutation in Oreochromis niloticus Exposed to Sub-Lethal Doses  

of Selected Water Pollutants 
 

 

Kerambrun, E.; Le Floch, S.; Sanchez, W.; Guyon, H.T.; Meziane, T.; Henry, 

F., and Amara, R. (2012). Responses of juvenile sea bass, Dicentrarchus labrax, 

exposed to acute concentrations of crude oil, as assessed by molecular and 

physiological biomarkers. Chemosphere, 287: 692–702. 

Kumar, P.; Kumar, R.; Nagpure, N.S., and Nautiyal, P. (2015). In vivo assessment of 

DNA damage in Cyprinus carpio after exposure to dichromate using 

RAPD. Turkish Journal of Veterinary and Animal Sciences, 39(2): 121–127.   

Liu, W.; Li, P.J.; Qi, X.M.; Zhou, Q.X.; Zheng, L.; Sun, T.H., and Yang, Y.S. (2005). 

DNA changes in barley (Hordeum vulgare) seedlings induced by cadmium 

pollution using RAPD analysis. Chemosphere, 61(2): 158–167. 

Livingstone, D.R.; Chipman, J.K.; Lowe, D.M.; Minier, C., and Pipe, R.K. (2000). 

Development of biomarkers to detect the effects of organic pollution on aquatic 

invertebrates: recent molecular, genotoxic, cellular and immunological studies on 

the common mussel (Mytilus edulis L.). International Journal of Environment and 

Pollution, 13(1): 56–91. 

Moruf, R.O. and Akinjogunla, V.F. (2019). Concentration of heavy metals in sediment 

of two interconnecting brackish/freshwater lagoons and the bioaccumulation in 

the crustacean, Farfantepenaeus notialis (Pérez-Farfante, 1967). Journal of 

Fisheries and Environment, 43(3): 55–62. 

Nei, M. (1987). Molecular evolutionary genetics. Columbia University Press, New York, 

512 pp. 

Obaroh, I.O.; Abubakar, U.; Haruna, M.A., and Elinge, M.C. (2015). Evaluation of 

some Heavy Metals Concentration in River Argungu. Journal of Fisheries and 

Aquatic Science, 10(6): 581–586. 

OECD (2019). Guidelines for the Testing of Chemicals: Test Guideline No. 203 Fish, 

Acute Toxicity Testing. 



Adeyemi-Ale et al., 2025 

Oguzie, F.A. and Okosodo, C.I. (2008). Contribution of heavy metals in waste dump 

sites from selected markets to the heavy metals load of Ikpoba River, Benin City, 

Nigeria. Journal of Field Aquatic Studies (Aquafield), 4: 51–58. 

Osman, A.G. (2014). Genotoxicity tests and their contributions in aquatic environmental 

research. Journal of Environmental Protection, 5(13): 1391–1399. 

Rocco, L.; Valentino, I.V.; Scapigliati, G., and Stingo, V. (2014). RAPD-PCR analysis 

for molecular characterization and genotoxic studies of a new marine fish cell line 

derived from Dicentrarchus labrax. Cytotechnology, 66(3): 383–393. 

Samuel, O.B.; Osibona, A.O., and Chukwu, L.O. (2015). Study of heavy metals in the 

gastropod, Pachymelania aurita (Muller, 1774), sediment and water from Ologe 

lagoon, Southwestern Nigeria. Ife Journal of Science, 17(3): 565–577. 

Salem, Z.B.; Capelli, N.; Grisey, E.; Baurand, P.E.; Ayadi, H., and Aleya, L. (2014). 

First evidence of fish genotoxicity induced by heavy metals from landfill 

leachates: the advantage of using the RAPD PCR technique. Ecotoxicology and 

Environmental Safety, 101: 90–96. 

Sankar, T.V.; Zynudheen, A.A.; Anandan, R., and Viswanathan-Nair, P.G. (2006). 

Distribution of Organochlorine Pesticides and Heavy Metal Residues in Fish and 

Shellfish from Calicut Region, Kerala, India. Chemosphere, 65: 583–590. 

Sarkar, A.; Ray, D.; Amulya, N.; Shrivastava, S., and Sarker, S. (2006). Molecular 

Biomarkers: Their significance and application in marine pollution 

monitoring. Ecotoxicology, 15(4): 333–340. 

Shilla, D. and Sawe, S.F. (2021). Levels of selected toxic and essential elements in fish 

and oysters from Western Indian Ocean, Coast of Tanzania. Tanzania Journal of 

Science, 47(2): 718–727. 



1787 
Genotoxicity Mutation in Oreochromis niloticus Exposed to Sub-Lethal Doses  

of Selected Water Pollutants 
 

 

Swaileh, K.M.; Barakat, S.O., and Hussein, R.M. (2013). RAPD assessment of in 

vivo induced genotoxicity of raw and treated wastewater to albino rat. Bulletin of 

Environmental Contamination and Toxicology, 90(5): 621–625. 

Tajik-Esmaelili, S.; Majd, A.; Irian, S.; Nabiuni, M., and Ghahremaninejad, 

F. (2017). Assessment of DNA damage using random amplified polymorphic 

DNA in vegetative stage bean (Phaseolus vulgaris L.) grown under a low-

frequency electromagnetic field. Applied Ecology and Environmental Research, 

15(4): 729–739. 

Wang, M.; Jiang, J.; Tan, Z.L.; Tang, S.X.; Sun, Z.H., and Han, X.F. (2009). In 

situ ruminal crude protein and starch degradation of three classes of feedstuffs in 

goats. Journal of Applied Animal Research, 36(1): 23–28. 

Whenu, O.O.; Osho-Abdulgafar, N.F., and Ndimele, P.E. (2021). Heavy metal 

contents of water, sediment and Oreochromis niloticus (Linnaeus, 1758) from 

Lagos Lagoon, Lagos, Nigeria. Nigerian Journal of Fisheries and Aquaculture, 

9(1 & 2): 30–36. 

Zhang, H.C.; Liu, T.Y.; Shi, C.Y.; Chen, G.W., and Liu, D.Z. (2017). Genotoxicity 

evaluation of an urban river on freshwater planarian by RAPD assay. Bulletin of 

Environmental Contamination and Toxicology, 98(5): 1–5.   

Zhou, L.; Li, J.; Lin, X., and Al-Rasheid, K.A.S. (2011). Use of RAPD to detect DNA 

damage induced by nitrofurazone in marine ciliate, Euplotes vannus (Protozoa, 

Ciliophora). Aquatic Toxicology, 103(3–4): 225–232. 

 


