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ABSTRACT 

Accumulation of heavy metals in water bodies contaminated by industrial effluents directly or indirectly poses 

health risk to both aquatic organisms and humans, culminating in genetic disorders and various organ diseases. 

This study was conducted across three locations in Lagos State, Nigeria: Maya River, Erikorodo, Ikorodu, 

Osborne Foreshore Lagoon, Ikoyi and a fish farm at the Nigerian Institute for Oceanography and Marine 

Research (NIOMR), Badore. Genotoxic assessment of the flesh and histopathology of the liver samples harvested 

from Oreochromis niloticus and Coptodon guineensis collected from the study sites were undertaken and 

physicochemical analyses of the water and sediment samples were conducted using atomic absorption 

spectrophotometer. Results showed that olive tail moment for wild Oreochromis niloticus from Maya River and 

wild Coptodon guineensis from Osborne foreshore lagoon was 13.50 and 5.54 respectively compared to 4.6 and 

5.32 of the same species from the farm.  ANOVA showed statistical significance in DNA damage, with p-values 

0.012 for Oreochromis niloticus. High concentrations of Iron and Zinc, along with the highest levels of heavy 

metals, were detected in Maya River which suggests that aquatic animals sourced from these sites may pose health 

challenges if consumed.  

Keywords: Genotoxicity, Heavy metals, Single-cell gel electrophoresis, DNA damage 

 

INTRODUCTION 

Heavy metals are considered to be one of the main 

sources of the pollutants in the environment. They 

have significant toxic effects on its ecological and 

measurable quantities (Kim and Kim, 2020). The 

metals having high densities, atomic weights and 

numbers are called heavy metals.  They are naturally 

present in environmental and biological samples of 

different composition and origins (Gumpu et al., 

2015; Patle et al., 2022).  

Some heavy metals like mercury (Hg), cadmium 

(Cd), arsenic (As), chromium (Cr), thallium (Tl), 

iron (Fe), copper (Cu), cobalt (Co), vanadium (V), 

zinc (Zn), manganese (Mn), nickel (Ni), and lead 

(Pb) are essential for biochemicals and 

physiological functions (Abdulhatab et al., 2020). 

The main sources of heavy metals as environmental 

pollutants include industrial and agriculture waste, 

mining activities, tailings, occupational exposure 

and paints (Patle et al., 2022). 

In several parts of the world, average concentrations 

of Cr, Mn, Fe, Co, Ni, As, and Cd in surface water 

bodies exceed the maximum allowed values for 

drinking water (Kumar et al., 2021; Prasad et al., 

2022). Heavy metals are not biodegradable, hence, 

the reason they tend to bioaccumulate, which causes 

an increase in their concentration overtime in living 

organisms (Zamora-Ledezma et al., 2021).  

Aquatic environments, particularly rivers and sea 

are the ultimate recipients of contaminants and 

heavy metals (Shah, 2021). Slight changes in the 

quality of the environment's physicochemical 

properties can harm the normal physiology of 

aquatic organisms especially fish which are highly 

sensitive to such changes (Lakra and Nagpure, 2009; 

Akter et al., 2021). They impact aquatic ecosystems 

directly by entering into the living organisms 

leading to toxicity or indirectly by altering the food 

web (Capillo et al., 2018; Merola et al., 2021; Shiry 

et al., 2021). Bioavailability and the absorption of 

heavy metals depend on many factors including 

heavy metals concentration, duration of exposure, 

interaction with other metals, the age and size of the 

fish, mechanisms for detoxification, metabolic 

processes, feeding behavior and the 

physicochemical parameters of the environment 

(Kovendan and Vincent, 2013; Delahaut et al., 

2020). 

Fish are the ideal organisms for studies in toxicology 

and toxicogenomics (Liu et al., 2022). They are also 

at the top of the aquatic food web (Aliko et al., 2019; 

Burgos-Aceves et al., 2019; Sula et al., 2020). Fish 

are suitable bioindicators for aquatic ecosystems as 

they are highly sensitive to environmental 

alterations as they readily metabolize, detoxify and 

accumulate heavy metals in their bodies (Abdel-

Baki et al., 2011). They respond similarly to how 

higher vertebrates respond to toxicants which help 

in heavy metal toxicity tests that can possibly be 

mutagenic, carcinogenic and teratogenic to humans 

(Yilmaz et al., 2004; Shahjahan et al., 2022). 

 

MATERIALS AND METHODS 

STUDY SITE 

The study was conducted with samples from three 

selected locations, namely Maya River, Erikorodo, 

Ikorodu, Lagos state, Nigeria (6.6457669˚N 

longitude and 3.5537778˚E latitude), Osborne 

Foreshore Lagoon, Ikoyi, Eti-Osa, Lagos state, 

Nigeria (6.4621713˚N longitude and 3.4254933˚E 
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latitude) and fish farm, Biotechnology Department, 

Nigerian Institute for Oceanography and Marine 

Research (NIOMR), Badore out station, Eti-Osa, 

Lagos State, Nigeria (Plate 1). 

 

 

Plate 1: Map of the Sampling Sites 

SAMPLE COLLECTION 

Fish samples were collected by local fishermen from 

three different sampling points and transported in a 

cold chamber to the molecular laboratory, Cell 

Biology and Genetics department, University of 

Lagos, Akoka for analysis. Water samples were 

collected using labeled brown sterile bottles while 

sediment samples were collected in unused black 

sterile containers, tagged and sealed. Water and 

sediment samples were then transported in a cold 

chamber to chemistry laboratory, Chemistry 

department, Faculty of Science, University of 

Lagos, Akoka for analysis. Five samples of 

Oreochromis niloticus were collected from Maya 

River, Erikorodo, five samples of Coptodon 

guineensis were collected Osborne Foreshore 

Lagoon, and five samples each of Oreochromis 

niloticus and Coptodon guineensis were sourced 

from the fish farm at NIOMR, which served as the 

reference site. 

 

Plate 1: A-Coptodon guineensis                                                 B-Oreochromis niloticus 

 

Sample Extraction 

Upon collection of the fish samples, their wet weight 

and total body length were measured. The fishes 

were immobilized and sacrificed by dissection 

through the mouth to harvest the liver and through 

the sides to cut out the flesh for analyses. The flesh 

samples were transferred into sterile bottles, labeled 

and stored on ice and transported for comet assay, 

while the liver was washed, blotted, weighed and 

preserved in Bouin's fluid for histopathology. 
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Physico-Chemical Analysis 

Physico-chemical analyses were conducted on both 

sediment and water samples from each sampling 

point. Concentrations of heavy metals in the water 

and soil samples were measured using atomic 

absorption spectrophotometry (Model, Perkin-

Elmer A Analyst 200). Physico-chemical 

assessment of surface water samples for electrical 

conductivity, pH, dissolved oxygen (DO), total 

solids (TS) and total dissolved solids (TDS) were 

measured using the Horiba U50G Multi water 

sampler. Standard methods (APHA-AWWA-WEF 

2005) were used to measure other physicochemical 

characteristics like acidity, alkalinity and so on. 

Wrinkler's method was used in measuring biological 

oxygen demand; by comparing dissolved oxygen 

content before and after incubation for a 5 day 

period at 20°C. The HACH COD reactor (Model 

DRB200) was used in the determination of chemical 

oxygen demand. Physicochemical assessments of 

soil samples included the measurements of Total 

organic carbon (TOC) and Total organic matter 

(TOM). Argentometric method 4500-C1-B was 

used to measure chloride levels in water. Nitrates 

(NO3
−

), phosphates (PO4
−

) and sulphates (SO4
-) 

levels were measured colorimetrically and 

determination of heavy metals concentration was 

measured using atomic absorption 

spectrophotometer. 

 

Single Cell Gel Electrophoresis 

Alkaline comet assay was used to assess DNA 

damage as described by Singh et al. (1988) with 

slight modifications. All steps of the comet assay 

were performed under dim-light conditions to 

prevent additional DNA damage. Chilled phosphate 

buffered saline was used to wash freshly collected 

flesh tissue samples after which it was digested 

using trypsin. The obtained cells were then 

suspended in 0.5 % low melting point agarose 

(LMPA), overlaid on slides precoated with a thin 

layer of 1 % normal-melting agarose, then  a third 

layer of 1 % LMPA was applied and allowed to 

solidify after which the slides were submerged in 

lysing solution (2.5 M NaCl, 100 mM EDTA, 10 

mM Trizma base, 0.2 mM NaOH, 1 % Triton X-100, 

and DMSO [pH 10]) for 24 hours at 4 ̊ C to lyse cells 

the immobilized cells in situ, thereafter the slides 

were transferred and submerged in electrophoresis 

buffer (300 mM NaOH, 1 mM EDTA [pH 13]) for 

30 mins to facilitate DNA unwinding. This was 

followed by 30 mins of electrophoresis at 25 V and 

300 mA current in the same buffer. After 

electrophoresis, slides were transferred into a 

neutralizing buffer (pH 7.5), dried, stained with 

Giemsa stain, viewed under a microscope and 

acquired digital images loaded onto Casplab_1.2.3b 

software for analysis. 

 

Histopathological Analysis 

Stored liver samples were cross-examined for any 

observable lesion after which the liver tissues were 

prepared and sectioned using the technique 

employed by Avwioro (2011). Briefly, the liver 

tissues removed from Biouin’s fluid were placed in 

10% formal saline for 30 minutes, washed, cut and 

placed inside well-labeled tissue embedding 

cassettes before processing the tissue using a 24 

hours automated tissue processor. The automated 

tissue processor includes glass containers and 

electric metal containers with paraffin wax in them. 

They are all controlled thermostatically. After 

processing, an automatic tissue embedding centre is 

used to incorporate the samples into paraffin blocks. 

The cooled embedded tissues trimmed to centrally 

place the specimen with a margin of 2-3mm, were 

sectioned at 4µm using a rotary microtome. The 

sections were floated in 20% alcohol and attached to 

the microtome blocks for fine cutting, floated out in 

warm water (35°C), mounted on slides, left to drain 

and placed on a hot plate for proper adhesion of 

tissue to the slide. The prepared slides were stained 

with hematoxylin and counterstained with eosin in 

order to display the tissues’ overall structure. Each 

slide was then mounted on the stage, observed under 

a light microscope (Leica MD-500, Leica, 

Microsystems. Germany), examined for changes in 

the structure of exposed tissues when compared to 

the reference and the digital images acquired. 

 

Statistical Analysis 

Statistical analysis was done using Microsoft excel 

2016 and GraphPad prism software 8.0, using 

analysis of variance (ANOVA), significant at 

P < 0.05. Data expressed as mean ± sem (standard 

error of mean). DNA damage image analyses were 

done using Casplab_1.2.3b. 

 

RESULTS 

Mean Weight 

The mean weight of each experimental group (Table 

1) was taken before sacrificing the experimental 

animals with farm bred species weighing 

significantly more than wild species. 
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Table 1: Weight of fishes 

Species  weight(g) 

Oreochromis niloticus (farm) 263.72 ± 9.11* 

Oreochromis niloticus (wild) 236.14 ± 4.72 

Coptodon guineensis (farm) 256.60 ± 6.40* 

Coptodon guineensis (wild) 229.00 ± 2.90 

Values with asterix (*) differ significantly (p<0.05) between farm (control) and river  (wild) specimens within 

species 

Heavy Metals Concentration in Water and 

Sediments 
The concentrations of nutrients and other physico-

chemical parameters in the water samples from the 

sampling sites as compared to the standards set by 

the Federal Ministry of Environment (FME), 

Federal Republic of Nigeria are shown in Table 2. 

 

Table 2: Physio-chemical Parameters of Water Samples from the Study Sites 

Physicochemical Osborne  Ikorodu FME Values (2019) 

Temp (0C) 29.53 29.31 20-33 

pH 7.02 6.5 6.5-8.5 

ORP (mV) -27 -57 300-500 

Conductivity (mS/cm) 0.839 0.37 - 

Turbidity (NTU) 0 259 1 

DO (mg/l) 2.51 0.89 6 

% DO 33.1 11.6 - 

TDS (g/l) 0.307 0.24 - 

Salinity (ppt) 0.41 0.18 - 

Acidity (mg/L) 116 44 - 

Alkalinity (mg/L) 148 16 - 

Chloride (mg/L) 249.92 119.96 600 

Hardness (mg/L) 670 380  

TS (g/L) 0.345 0.362  

TSS (g/L) 0.038 0.122 NS 

 

The concentration of heavy metals in the water 

samples from the sampling sites is compared to the 

standards set by the Federal Ministry of 

Environment (FME), Federal Republic of Nigeria is 

shown in Table 3. Copper levels were elevated in 

both water bodies, with the Maya River showing a 

higher concentration.  

 

Table 3: Heavy Metals analysis of Water Samples from the Study Sites 

Heavy Metals (mg/L) Osborne  Ikorodu FME Values (2019)  

Cadmium (Cd)  0.009 0.025 0.005  

Cobalt (Co)  0.0005 0.0004 -  

Chromium (Cr)  0.015 0.005 <1  

Iron (Fe)  0.008 0.128 1  

Arsenic (As)  BDL BDL 0.05  

Lead (Pb)  0.004 0.002 0.01  

Zinc (Zn)  0.014 0.01 0.03  

Mercury (Hg)  BDL BDL 0.001  

Copper (Cu)   0.428 1.689 0.001  

Manganese (Mn)  0.018 0.009 5  

BDL – Below detection level 

 

The concentration of physico-chemical parameters in the sediment samples from the sampling sites are shown in 

Table 4. 
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Table 4: Physicochemical Analysis of Sediment Samples from the Study Sites 

Physicochemical Osborne  Ikorodu 

pH 6.92 6.01 

Conductivity(Us/cm) 657 245 

Organic Carbon (%) 0.7 3.3 

Total Organic Carbon (%) 0.91 4.29 

 

The concentration of heavy metals notably Iron, 

Zinc and Copper were higher in sediment samples 

from Maya River (Table 5) while Lead was more 

abundant in Osborne Lagoon. 

 

Table 5: Heavy metals Analysis of Sediment Samples from the Study Sites 

Heavy Metals (mg/kg) Osborne  Ikorodu FME Values (2019) 

Cadmium (Cd)  0.55 0.4 0.1 

Cobalt (Co)  BDL BDL 0.5 

Chromium (Cr)  0.175 0.1 1.0 

Iron (Fe)  13.72 24.62 100 

Arsenic (As)  BDL BDL 0.05 

Lead (Pb)  0.175 0.075 0.1 

Zinc (Zn)  4.05 16.25 10 

Copper (Cu)  0.425 0.45 1.0 

Mercury (Hg)  BDL BDL 0.001 

Manganese (Mn)  0.631 0.922 0.5 

BDL – Below detection level 

 

Single-Cell Gel Electrophoresis 

Single-cell gel electrophoresis performed on fish 

samples revealed the presence of DNA damage. 

Plate 2a presents a micrograph of normal cells 

showing minimal to no comet formation which 

indicates no DNA damage while Plate 2b presents a 

micrograph showing comet formation indicative of 

DNA damage (Arrows pointing at comets) in the 

cells of the fish. 

 
Plate 2: Micrographs of Single Gel Electrophoresis 
 

The extent of DNA damage in Oreochromis 

nilocticus and Coptodon guineensis was assessed 

and expressed as % tail DNA and tail length as 

shown in Table 6 below. Results showed that there 

was significantly higher DNA damage in wild 

Oreochromis niloticus compared to their farm bred 

counterpart while Coptodon guineensis and their 

farm bred counterparts had no significant 

differences.  
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Table 6: Extent of DNA Damage In Flesh (100 Cells) of Oreochromis niloticus and Coptodon guineensis Expressed 

as % Tail DNA (±SEM) 

SPECIE          Tail Length (um)             % Tail DNA  

Farm       Wild      Farm     Wild  

Oreochromis niloticus 05.43 ± 0.33 08.33 ± 0.50* 32.01 ± 1.99 41.53 ± 1.68*  

Coptodon guineensis 09.05 ± 0.65 08.90 ± 0.96  37.58 ± 2.15 38.95 ± 2.72 

Values with asterix (*) differ significantly (p<0.05) between control and river specimens within species 

 

The analysis of the Olive Tail Moment in 

Oreochromis niloticus and Coptodon guineensis 

obtained from wild and farm environments 

conducted to assess the occurrence of DNA damage 

revealed (Figure 2) which was most significant in 

wild Oreochromis niloticus. 

 
Figure 2:  Genotoxic Assessment of Sampled Fishes 

 

Histopathological Analysis 

Photomicrographs (Plate 3) of histological sections of liver tissues of the fish samples compared to the reference. 
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Plate 3. Histological sections of liver tissue of samples fishes from CW (Coptodon Wild), OW (Oreochromis 

Wild), CF(Coptodon Farm) and OF(Oreochromis Farm) groups 

 

A: CW (Coptodon Wild) group shows parallel 

radially arranged plates of hepatocytes with Central 

vein (CV), portal vein (PV) and the basophilic 

portion with nucleus and the acidophilic cytoplasm 

of the acinar cells. No abnormalities are seen 

(NORMAL LIVER). Haematoxylin and Eosin Stain 

X 100. 

B: OW (Oreochromis Wild) group shows parallel 

radially arranged plates of hepatocytes, Congested 

blood vessels are also seen (VASCULAR 

CONGESTION-Red arrow). Haematoxylin and 

Eosin Stain X 100 

C: CF (Coptodon Farm) group shows parallel 

radially arranged plates of hepatocytes with Central 

vein (CV), portal vein (PV) and the basophilic 

portion with nucleus and the acidophilic cytoplasm 

of the acinar cells 

No abnormalities are seen (NORMAL LIVER). 

Haematoxylin and Eosin Stain X 100 

D: OF(Oreochromis Farm) group shows parallel 

radially arranged plates of hepatocytes with Central 

vein (CV), portal vein (PV) and the basophilic 

portion with nucleus and the acidophilic cytoplasm 

of the acinar cells 

No abnormalities are seen (NORMAL LIVER). 

Haematoxylin and Eosin Stain X 100 

 

DISCUSSION 

The Single Cell Gel Electrophoresis (SCGE) also 

known as the comet assay was used to analyze the 

extent of DNA strand breaks in the cells of the fish 

species studied. The level of DNA strand breaks was 

observed to be higher in the cells of wild fish 

samples compared to the cells of samples from the 

farm which served as control, signifying DNA 

damage in the cells of the wild fish samples. This 

observation is supported by the work of Ostling and 

Johnson, 1984 as revised by Sing et al. 1988 and the 

work of Jiang et al. 2023.  

At high pH, DNA strands separate more easily when 

breaks in DNA strands are present and the rate of 

separation is the index of DNA breakage. This 

occurs due to damaged DNA (loop with breaks) or 

cleaved DNA fragments that migrate faster during 

electrophoresis forming a "comet tail" while 

undamaged DNA containing the nucleoid body 

remains intact forming a “comet head”. During 

electrophoresis, genotoxic insult is unveiled via 

DNA strand breaks, as the damaged DNA moves at 

a rate different from that of the undamaged. 

The analysis of Tables 2, 3, 4, 5 and 6 revealed the 

presence of heavy metals in the water and sediment 

samples along with their role as contributors of 

DNA damage in Oreochromis niloticus and 

Coptodon guineensis. The concentrations of these 

metals especially iron (Fe) and zinc (Zn) was very 

high in Maya, Ikorodu, exceeding the recommended 

limits. These high levels of heavy metals 

concentrations reflect DNA damage in fish species 

from the sample sites as revealed by the comet assay 

results that showed higher tail DNA percentages and 

olive tail moments in wild fish compared to their 

control group from the farm species. 

Elevated heavy metals concentrations can generate 

reactive oxygen species (ROS) which causes 

oxidative stress that damages cellular components 

including DNA thereby contributing to genotoxic 

effects in fish (Kocadal et al., 2020). 

Histopathological analyses revealed abnormalities 

in the liver of the fish from the sample sites which 
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indicated biochemical disruptions causing heavy 

metal bioaccumulation. Since heavy metals are non-

biodegradable making them a persistent and 

continuous threat to DNA integrity which results in 

mutagenesis, carcinogenesis and impaired 

reproductive capacity (Madhu et al., 2022). 

The extent of DNA damage is assessed using the 

amount of migrated DNA. Specifically the 

percentage of DNA present in the tail during single 

cell electrophoresis (comet assay). This percentage 

is directly proportional to the extent of DNA damage 

that occurs in a particular cell. Analysis of the olive 

tail moment revealed that the level of DNA strand 

breaks observed were significantly higher in the 

cells of Oreochromis niloticus samples collected 

from Maya River when compared to the DNA strand 

breaks observed in the cells of Coptodon guineensis 

samples collected from Osborne Foreshore lagoon. 

These observed differences are believed to be 

associated with higher levels of water pollution 

caused by the actions of factory workers in the Maya 

River area leading to the ingestion of genotoxins by 

the inhabiting fishes compared to lower DNA 

damage in fish samples from Osborne Foreshore 

lagoon due to the reduced level of pollution. 

Histological sections of the liver tissues of the fishes 

from both reference sites and Osborne Foreshore 

lagoon showed no significant differences in the 

arrangement of their hepatic cells. However, 

histological sections from the liver tissues of the 

fishes collected from Maya River, Ikorodu showed 

significant differences, including the presence of 

congested blood vessels around the hepatic cells of 

Oreochromis niloticus. This finding suggests 

potential heavy metal exposure impact on the liver 

cells which could lead to liver damage. These 

observations further indicate that the two factories 

located near Maya River may be sources of pollutant 

via toxic effluents discharged from these factories 

into the river. The ingestion of these pollutants by 

aquatic animals in the river, can cause deleterious 

effects on their health, particularly the liver. 

Assessment of physico-chemical characteristics of 

both water and sediment samples from both study 

sites showed significantly high levels of Iron (Fe) 

and Zinc (Zn) in the water and sediment samples 

from Maya, Ikorodu site compared to the water and 

sediment samples from Osborne Foreshore lagoon. 

The increased turbidity levels in water samples from 

Maya River, Ikorodu may impact the economic 

(fishing) and recreational use of this water body 

adversely. The results from this study establish a 

very high level of water pollution in the Maya River, 

as a result of the actions of the industries 

predominantly present in that area that constantly 

discharge untreated or inadequately treated effluent 

wastes into adjourning water bodies. These effluent 

wastes may contain carcinogenic and mutagenic 

genotoxins, which can be bioaccumulated in the 

tissues of the inhabiting aquatic lives through their 

gills and/or skin. 

Consumption of these fishes by humans exposes 

them to the danger of developing cancer as these 

accumulated genotoxins which would mostly be 

heavy metals, are quite persistent, not easily 

degraded and can be transferred to the consumers. It 

is very important to implement measures that would 

help stop these industrialists from further 

damaging the ecosystem via discharge of untreated 

or inadequately treated industrial effluents into the 

river bodies. Constant and intensive sensitization is 

needed to educate factory workers, farmers, 

fishermen and residents on the dangers their actions 

pose to the environment and human health in 

particular. These initiatives would help protect 

public health and preserve aquatic ecosystems. 

  

CONCLUSION 

The study demonstrated the harmful impact caused 

by heavy metal pollution from industrial effluents on 

aquatic organisms, focusing on Oreochromis 

niloticus and Coptodon guineensis in Lagos State, 

Nigeria. The findings revealed high concentrations 

of heavy metals, especially iron and zinc, which 

were detected in water and sediment of Maya River, 

Ikorodu at higher concentration levels.  

The comet assay revealed substantial DNA damage 

in wild fish populations compared to farmed 

controls, demonstrating the genotoxic effects of 

contaminated water which poses great threat not 

only to the aquatic ecosystem, but also to human 

health through contaminated fish consumption. 

Histopathological analyses revealed liver 

abnormalities in fish from heavily polluted areas, 

confirming the adverse physiological effects of 

heavy metal exposure.  

These findings emphasized the urgent need for 

stricter enforcement of regulations which would 

help in limiting industrial discharges into water 

bodies and raise public awareness regarding the 

health risks associated with consuming fishes 

sourced from contaminated water bodies. By 

establishing clear connections between heavy metal 

pollution, DNA damage, and potential health risks, 

this research provides valuable insights for 

improving environmental management and 

advocating sustainable practices to protect both 

aquatic ecosystems and human health. Future 

studies should focus on long-term monitoring of 

heavy metal levels and its effects on aquatic species, 

as well as developing effective remediation 

strategies to restore ecosystem health in order to 

safeguard both aquatic life and human health. 
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