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 ABSTRACT: This study investigated bioaccumulation of heavy metals and cytogenotoxic 

effects that could result from exposure of fish to heavy metals in the Asa River, Ilorin, Nigeria. 

The three different fish species, Tilapia zilli, Oreochromis niloticus and Sarotherodon galilaeus 

were obtained from the Asa River and the fourth species, Clarias gariepinus was cultured in the 

laboratory to serve as control. The fish organs; bone, gills, kidney and liver from the four fish 

species were carefully dissected for the determination of some heavy metals. The results showed 

that the metal concentration levels were in the order Pb> Cr > Zn > Cd. The highest lead 

concentration value was observed in the gills of Tilapia fish. The lowest level of Cd was 

observed in the bone tissue of Oreochromis niloticus. The values of heavy metals found in the 

cultured fish species were very low in concentration compared to the ones sourced from Asa 

River. Micronuclei and frequencies of nuclear abnormalities were assessed in the blood 

erythrocytes of both laboratory cultured fish and the ones obtained from Asa River. Significant 

differences (P<0.05) were observed for mean frequencies of micronucleus induction in the blood 

erythrocytes of Oreochromis niloticus, Sarotherodon galilaeus. As for other nuclear 

abnormalities, significant differences (P<0.05) were observed for mean frequencies in the blood 

erythrocytes, gills and liver of Tilapia zilli and Oreochromis niloticus.  Genotoxicity results in 

this study showed that the Asa river water contains genotoxic metals say be responsible for the 

micronucleus and nuclear abnormalities observed in the aquatic environment. ©JASEM 

http://dx.doi.org/10.4314/jasem.v20i3.28 
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Heavy metals are mostly stored in rock, some are 

beneficial to living organisms, while some are not. 

Metals become highly toxic when they are present in 

higher concentrations (Ibok et al., 1989). The 

removal of heavy metals completely upon gaining 

entrance into the environment becomes difficult 

(Aderinola, 2009). Water contamination by heavy 

metals may pose adverse effects on the ecological 

balance of natural water bodies, including loss of 

aquatic diversity (Vosyliene and Jankaite, 2006). 

Metals gain access into the ecosystem through 

multifarious sources like effluents from industries, 

agricultural runoff and untreated sewage 

(Bhuvaneshwani et al., 2012).  In the course of metal 

mobility, they get distributed in the water body, 

suspended solids, and sediments (Enieji et al., 2011).  

Metal contamination in aquatic ecosystem is 

considered to be unsafe not only for the aquatic lives 

but also for the human beings (Mendil and Uluozlu, 

2007). In Nigeria and globally, economic 

development depends on industrialization which 

serves as an important life wire required for 

development and for increasing the standard of living 

of humans and their well-being (Olayinka, 2013). 

 

Contamination of aquatic resources with different 

kinds of pollutants has become a matter of concern 

over the past few decades (Diriliger, 2001; Vulukuru, 

2005; Yousafzai and Shakoori, 2006; Narayanar and 

Vinodhiri, 2008; Fatoki et al., 2012; Okoro et al., 

2013; Okoro et al., 2014a;  Okoro et al., 2014b). In 

surface waters fish are important links in the food 

chains, and may often accumulate large amounts of 

certain metals above the levels in the aquatic 

environment (Deb and Santra, 1997; Farkas et al., 

2002; Ambedkar and Muniyan, 2011). As a result, 

fish are often used as indicators of heavy metal 

contamination because they occupy high trophic 

levels and are an important source of food (Blasco et 

al., 1998; Agah et al., 2009). Fish are widely 

consumed not only in Nigeria but in many parts of the 

world and polluted fish may harm human health 
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(Zhang et al., 2007). Studies have revealed that fishes 

assimilate these heavy metals through ingestion of 

suspended particulates, food materials or through 

constant ion exchange processes of dissolved metals 

across the lipophilic membranes such as the gills, or 

through adsorption of dissolved metals onto tissue 

and membrane surfaces (Oguize, 1999; Oguzie and 

Okosodo 2008).  

Various factors including season, physicochemical 

properties of water, habitat, age and physiological 

condition of fish play a significant role in 

accumulation of metals by fish (Kargin, 1996). Metal 

bioaccumulation is a major route through which 

increased levels of the pollutants are transferred 

through food chains and this creates public health 

problems when human beings are involved in the 

food chain (Otitoloju, 2002). Many related studies 

have been carried out to evaluate the level of metal 

bioaccumulation in various organs of fish since it has 

been known as one of the major and richest protein 

sources and unsaturated omega-3 fatty acid sources 

for humans (Elleta et al., 2003; Abdel-Baki et al., 

2011; Ambedkar and Muniya, 2011; Enieji et al., 

2011; Bhuvaneshwari et al., 2012; Yousafzai et al., 

2012;  Ahmed and Omar, 2013; Olayinka, 2013; 

Beetsech and Abrahams, 2013; Shivakuman et al., 

2014 ). Genetic and molecular biomarkers such as 

micronucleus and comet assays are reliable indicators 

of pollution and environmental contamination. 

Micronucleus assay have been used for assessing the 

potential genotoxicity of various chemicals or 

industrial effluents using different animals (AI-Sabti 

and Metcalfe, 1995; Nwani et al., 2011; Bücker et al., 

2012;, Nwani et al., 2013). This assay is applicable 

for environmental biomonitoring because it is reliable 

and sensitive enough to detect any nuclear lesions 

caused by exposure of living organisms such as fish 

and mice to potentially genotoxic chemicals.  

 

In this study, micronucleus assay (MN) was used to 

evaluate the extent of genetic damage that may have 

been caused by heavy metal bioaccumulation in the 

organs of fishes obtained from e polluted Asa River, 

Ilorin, Nigeria. MN assay is a reliable and potent tool 

that has been extensively used to assess genotoxicity 

in aquatic animals (Bolognesi and Hayashi., 2011) 

including fishes (Ayllon and Garcia-Vazquez, 2000; 

Martinez et al., 2005; Talapatra and Banerjee., 2007; 

Yadav and Trivedi, 2009). Fishes are excellent 

specimens sensitive for the evaluation of the 

genotoxicity (Yadav and Trivedi, 2009). There is 

overwhelming evidence from previous studies that 

heavy metal such as copper is capable of inducing 

genomic instability in mammals (Linder, 2001) and 

even arsenic induces micronuclei in human (Martinez 

et al., 2005). For example, study carried out by Yadav 

and Trivedi (2009) have reported a significant 

induction of micronucleus upon sublethal exposure of 

heavy metals to Channa punctata. Similarly, 

exposure of fish to sublethal concentration of 

Mercury (II) also causes significant induction of 

micronuclei over five treatment periods (Yadav and 

Trivedi, 2009).  

 

There is documented evidence that the Asa River is 

polluted with appreciable amounts of heavy metals 

such as manganese, zinc, iron, and lead (Eletta et al., 

2003) but there is no published literature available on 

the genotoxic effects of bioaccumulated heavy metals 

on fish found in the Asa River. The objectives of the 

present study were to determine heavy metal 

genotoxicity and the accumulation pattern in different 

fish organs viz and viz, muscle, bone tissue, gills and 

liver of selected fish species collected from the Asa 

River.  

 

MATERIALS AND METHODS 
Sampling Area and Sample Collection: Sampling was 

from Asa River in Ilorin, Kwara State. Ten 

individuals each of different fish species (Tilapia zilli, 

Oreochromis niloticus and Sarotherodon galilaeus) 

were obtained from Asa River with the help of local 

fishermen and the African catfish (Clarias 

gariepinus) was cultured in the laboratory. Fishes of 

average sizes were collected in order to avoid the 

possible error due to size differences. All fishes were 

transported in a 20L open water container to the 

laboratory, where they were disinfected with a dip of 

2% KMnO4 for 15 minutes and then washed with 

borehole water to remove debris. The catfish used as 

control were obtained from a local fish farm (fish 

farms, GRA, Ilorin, Nigeria) and were of 

approximately the same body weight and length as 

the ones used for the test. Healthy and live specimens 

were given prophylactic treatment by bathing in 

formalin (0.4%) for 10 min and KMnO4 solution (1 

mg/L) for 15 min to keep away from any dermal 

infections and were then acclimatized for10 days in 

large glass aquaria containing tap water. Thereafter, 

fishes were sacrificed to remove gills, liver, kidney, 

bone, and muscle tissue. These samples were 

transferred into sterile sample bottles, labelled and 

kept for digestion and analysis of bioaccumulation of 

heavy metals in the fish samples. 

 

 Chemicals and Reagents: All reagents were of 

analytical reagent grade. Double deionized water was 

used for all dilutions. Nitric acid, HNO3 (65%) and 

hydrogen peroxide (30%) were of ultrapure quality 

purchased from Merck, Darmstadt, Germany. The 

element standard solutions from Merck Company to 

make the calibration were prepared by diluting the 

stock solutions of 1000 mg/L of each element.  

 

Digestion of Fish Samples for Heavy Metal 

Determination: The method of Palermo et al. (2015) 

was adopted with little modifications. Briefly, heavy 

metal content was quantified in gill, liver, kidney and 

bone after drying at 60°C. Dry tissue samples were 

fully digested (1:10 w/v) in 5N HNO3 (Suprapur, 
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Merck) at 60°C. Samples were then centrifuged 

(14,000 g, 20 min) and the supernatants were then 

used for heavy metal determination by using an 

Atomic Absorption Spectrophotometer (Perkin 

Eelmer E. Analyst, 2000, USA).  

 

 

Micronucleus and Genotoxicity Test: The MN test 

was performed according to the methods of Tolbert et 

al., (1992) and Al-sabti et al., (1995) with some 

minor modifications. Fresh blood was collected from 

a caudal puncture into a heparinised syringe. Blood 

samples from the tail were smeared on clean, grease 

free frosted glass slides. Slides were fixed in 

methanol for 10 minutes, left to air-dry at room 

temperature overnight for 12 hours and then fixed in 

absolute methanol for 15 minutes by dipping the film 

briefly in a jar containing absolute methanol. After 

fixing, the same slides were stained in aqueous 

Giemsa (5%) for 10 minutes (Palhares and Grisola, 

2002). The Giemsa stain was removed after 20 

minutes and the slides were air dried in a vertical 

position. The slides were then covered with a cover 

slip and fixed with Canada balsam. For each group, 

two microscopic slides were prepared from each 

animal. 1000 nuclei were scored per slide to 

determine nuclear lesions and micronuclei in the 

erythrocytes. The frequency of MN was determined 

following previously reported examination criteria 

(K¨onen, 2007; Vera-Candioti et al., 2010; Vera-

Candioti, et al., 2013). Micronuclei appear as 

chromatin masses resulting from chromosome 

fragments or intact whole chromosomes lagging 

behind in the anaphase stage of cell division and due 

mainly to exposure of cells to toxic substances. 

 

Statistical analysis: Frequencies of induction of MN 

erythrocytes and other nuclear abnormalities were 

determined in 1000 cells scored per slide from 

peripheral blood. SPSS 16.0 was used for the 

statistical analysis. Results are expressed as mean ± 

SE. A two–way analysis of variance (ANOVA) and 

Duncan’s Multiple Range Test (DMRT) were used to 

analyze the data with the level of statistical 

significance estimated at P< 0.05.  

 

RESULTS AND DISCUSSION 
The trend of metal accumulation in fish organs is 

different amongst species (Figure 1-4). The 

difference in the levels of accumulation in different 

organs of a fish can primarily be attributed to the 

variations in the physiological role of each organ. 

Other factors such as regulatory ability, behaviour 

and feeding habits may play an important role in the 

accumulation differences in the different organs 

(Baldisserotto et al., 2005). In addition, the chemical 

nature of the metals, ionic strength and pH tend to be 

a master variable in the accumulation process. In 

acidic conditions, there are enough hydrogen ions to 

occupy many of the negatively charged surfaces and 

little space is left to bind heavy metals. Therefore, 

more heavy metals are found in the soluble phase. 

The soluble form of heavy metals is thought to be 

more harmful because it is more easily transported 

and more readily available to aquatic organism 

(Baldisserotto et al., 2005) Metal concentrations in 

different organs of fishes in mg/kg are shown Figure 

1-4, respectively.  

 

Embryonic development, suppressed reproduction 

and inhibition of growth, increased mucous 

formation, neurological problems, enzyme inhibition 

and kidney dysfunction are some of the biological 

effects resulting from sublethal lead exposure 

(Rompala et al., 1984). Lead was the metal with 

higher concentration of 3.94 mg/kg as recorded in 

this study. According to Elleta et al., (2004), the lead 

concentration in the fish samples from Asa River was 

4.41 mg/kg. This shows that this result is in 

conformity with previous research findings carried 

out on Asa River. 

 
The highest concentration of lead (0.53 ± 0.0058 

mg/kg) was detected in the gill tissue of Tilapia 

(Figure 1), while the lowest concentration levels of 

lead (0.12 ± 0.001 mg/kg) was found in the bone 

tissue of Tilapia zilli (Figure 1). The obtained result is 

in agreement with previous observation made by Deb 

and Fuka-Shina (1999) that metals may be high in 

concentrations in the gills and intestine. The 

concentration of lead detected in gills of Tilapia fish 

was lower than   the maximum permissible limit of 

the (WHO/FAO, 2011). A similar result was obtained 

in a related study carried out by Shirakumar et al., 

(2014). The increased lead concentrations in fish 

samples near to the maximum permissible limit 

shows potential health risks for human consumption. 

The pattern of metal accumulation depends on the 

fish species and its habitat or sampling area 

(Shirakumar et al., 2014). 

 

The highest concentration of cadmium was 0.38 ± 

0.011 mg/kg in the gill tissue of Tilapia fish (Figure 

1), while the lowest concentration levels for cadmium 

(0.01 ± 0.007 mg/kg) was found in the bone tissue of 

Oreochromis niloticus (Figure 2).  For cadmium the 

reverse is the case in this study, the obtained gradient 

concentration value was above WHO/FAO, (2011) 

maximum permissible limit of 0.2 g. Cadmium is a 

highly toxic non- essential heavy metal and it does 

not have a role in biological processes of living 

organisms. Thus even at low concentration, cadmium 

could be harmful to living organisms (Ambedkar, 

2011). The cadmium concentration was indicative of 

high potential health effects to the majority of the 

patronizing fish consumer population at the study 

area. The highest concentration of cadmium in the 

fish species was above the (WHO/FAO, 2011), 

maximum permissible limit of 0.2 mg/kg for food 

samples 
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The highest concentration of chromium (0.49 ± 0.025 

mg /kg) was found in the gill tissue of Oreochromis 

niloticus fish (Figure 2) while the lowest 

concentration of chromium (0.11 ± 0.004 mg/ kg) 

was found in the kidney tissue of Oreochromis 

niloticus (Figure 2). In this study, insignificant 

concentrations of chromium were accumulated by in 

the tissues (gills and kidney). Similar observation was 

recorded in Olayinka et al., (2013 on Asa River, 

Somero et al., (1997); Allen et al., (1998). Lack of Cr 

results in impaired growth and disturbances in 

glucose, lipid and protein metabolism (Calabrese, 

1985). Cr is an essential trace metal and the 

biologically usable form of Cr plays an essential role 

in glucose metabolism. The maximum guideline of 

15-17 mg/ kg stipulated by (USFDA, 1993), was 

however, higher than the concentrations of Cr 

measured in all the fish samples, hence the samples 

are safe for human consumption. 

 

The highest concentration of Zinc (0.39 ± 0.019 

mg/kg) was found in the gill tissue of Oreochromis 

niloticus (Figure 2). The lowest concentration level of 

Zinc (0.11±0.004 mg/kg) was detected in the kidney 

tissue of Sarotherodon galilaeus  (Figure 3).  

 

Zinc concentration level in the fish species which was 

found to fall within the (WHO/FAO, 2011), 

maximum permissible limit of 40 mg/kg for food 

samples and the consumers are not in any potential 

health risk, (WHO/FAO, 2011). The concentration of 

zinc in the selected fish samples were due to the 

presence of the large number of agricultural activities, 

releasing metals that ultimately find their way into the 

ambient environment through leaching or runoff 

(Burden et al, 1998). The high level of zinc in the gill 

tissues can possibly be due to the fact that fish gills 

play a distinct role in metal uptake from the 

environment. Highest zinc deposition (0.39±0.029 

mg/kg) was found in gills of Oreochromis niloticus 

and lowest concentration (0.11±0.04 mg/kg) was 

found in kidney tissue of Sarotherodon galilaeus. 

 

In this study, the patterns of metal concentrations in 

Tilapia fish were Pb> Cr > Cd > Zn while for 

Oreochromis niloticus, the metal concentrations were 

Pb> Cr > Zn > Cd and Sarotherodon galilaeus. were 

Pb> Cr > Zn > Cd. The pattern of metal 

concentrations in catfish was Pb> Cr > Zn > Cd. 

Higher metal concentrations in the gills could be due 

to the element complexion with the mucus that is 

virtually impossible to completely remove from the 

gill lamellae before being prepared for analysis 

(Barron and Albeke, 2000). Furthermore, the 

adsorption of metals onto the gills surface as the first 

target for pollutants in water could also be a major 

factor in the total metal levels of the gill. Organs such 

as the gills are metabolically active parts that can 

bioaccumulate heavy metals in higher levels, as 

shown in various species of Cyprinus (Khail and 

Faragallah, 2008). Deb and Fukushima (1999), 

confirm this by reporting that metals may be in high 

concentrations in gill, liver, kidney and bone tissue of 

the selected fish samples. 

 

Comparing the bioaccumulation of the heavy metals 

in the kidney and liver of the selected fish samples 

collected from the Asa River (Tilapia zilli, 

Oreochromis niloticus and Sarotherodon galilaeus ) 

and that of C. gariepinus which was cultured in the 

laboratory, a significant difference was observed in 

the patterns of their bioaccumulations. The 

bioaccumulation of heavy metal in catfish is lower 

compared to Tilapia zilli and Sarotherodon galilaeus 

because it was cultured under laboratory conditions 

using borehole water which was changed daily. On 

the other hand, Tilapia zilli, Oreochromis niloticus 

and Sarotherodon galilaeus have higher 

concentration of metals accumulated in their organs 

possibly due to the discharge of sewage from 

industries and large agricultural activities carried out 

in the Asa River. It is also not unlikely that the 

sediment of this river may contain different heavy 

metal compositions. The concentrations of heavy 

metals detected in samples of the three fish species 

were quite varied. Lead and Cadmium found in the 

fish samples were above the maximum permissible 

limits as per the WHO/FAO guideline standards 

limits.  

 

The concentration of heavy metals found in the 

organs of the cultured fish species was of low value 

compared to that from Asa River. High 

concentrations of the heavy metals measured in the 

fish tissues sourced from Asa River were attributed to 

probable high influx of metals as a result of pollution 

from the agriculture activities, municipal and 

industrial wastes leachate intrusion, thereby, 

increasing the potential bioavailability to the fish and 

also posing the associated risks of affecting the 

quality of human health, particularly the most 

populous consumers in the long run. In this study, it 

was observed that metal deposition was mostly found 

in gill tissue, this could be due to their proximity to 

the external environment and their ionic regulatory 

tendencies could serve as a depot tissue, since metal 

uptake may exceed eliminations (Allen et al., 1988; 

Kuroshima, 1992). 
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Fig 1: Mean concentration of heavy metals detected in bone, gills, kidneys and liver tissues of Tilapia zilli 

 

 
Fig 2: Mean concentration of heavy metals detected in bone, gills, kidneys and liver tissues of Oreochromis 

niloticus. 

 

 
Fig 3: Mean concentration of heavy metals detected in bone, gill, kidney and liver tissues of Sarotherodon 

galilaeus 
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Fig 4: Mean concentration of heavy metals detected in kidney and liver tissues of Clarias gariepinus 

 

Fig 5:  Showing frequency of Micronucleus Assay (MN)  

 

 

 

     

Micronucleus x100                  Normal Nuclei x100 

   

Binucleated x100                                                             Lobed Nuclei x 100 
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Table 1: Analysis of Micronucleus Assay in Fish Species 
Experimental  

Animals    

Total no of 

Micronucleus 

and nuclear 

abnormalities      

Micronucleus Binucleated    Lobed Notched Blebbed Others 

Laboratory  
cultured  

control 

45 2.50±0.50 5.00±1.00 5.00±2.00 3.50±0.50 3.50±1.50 3.00±1.00 

Oreochromis 

niloticus 

190 17.00±2.00* 13.00±1.00 10.00±1.00 27.00±5.00* 11.50±1.50 16.50±1.50* 

Sarotherodon 

galilaeus   145 
 

14.00±2.00* 9.00±1.00 7.50±0.50 13.00±1.00 20.50±3.50* 8.50±0.50 

Tilapia zilli 147 10.50±0.50* 7.50±1.50 13.00±2.00 14.50±1.50 11.50±2.50 16.50±2.50* 

Positive control 
Colchicine 

372    38.00±2.00*  26.00±3.00* 34.00±2.00* 26.00±2.00*    32.50±1.50* 29.50±2.50* 

 

Table 2: Frequencies, Mean and Standard Error of the Micronuclei and Other Abnormalities in Fish Samples  

Experimental 

Animals 

Total no of 

Micronuclei Observed 

Per species             

Other Nuclear  

Abnormalities 

Mean MN±SE 

Laboratory cultured 

control 

 5      40 2.50±0.50 

Oreochromis 

niloticus 

              34     156 17.00±2.00* 

Sarotherodon 

galilaeus 

             28     117 14.00±2.00* 

Tilapia zilli              21     126 10.50±0.50* 

Positive control 

Colchicine 

             76     296 38.00±3.00* 

 

Table 3: Frequencies, Mean and Standard Error of Nuclear Abnormalities in Fish Samples. 

Experimental  

Animals 

Total no of Nuclear 

Abnormalities Per species 

 % Nuclear Abnormalities    Mean  

aberration±SE 

 Laboratory cultured 

control  

45 

 

4.5 15.00±0.50 

 

Oreochromis niloticus 190 19.0 63.33±5.00* 

 

Sarotherodon galilaeus 145 

 

14.5 48.33±12.00* 

Tilapia zilli 147 14.7 49.00±13.00* 

Positive control 

Colchicine 

345 34.5 115.00±6.00* 

 

*Statistically different from negative control (p<0.05) 

No of animal/group=3; Total no. of nuclei scored/concentration=1000 

 

Result of analysis of micronucleus assay in Fish,  

frequencies, average and standard error of the 

micronuclei and other nuclear abnormalities in fish 

samples are presented in Table 1, 2 and 3 where 

similar trend was observed for induction of nuclear 

abnormalities which also showed that Oreochromis 

niloticus, Sarotherodon galilaeus and Tilapia zilli as 

well as the mean values 63.33±5.00, 48.33±12.00 and 

49.00±13.00 respectively were found to be 

statistically different from negative control (p<0.05).  

 

The frequency of MN was determined following 

previously reported examination criteria (Vera-

Candioti, et al. 2013, Cavas- and K¨onen, 2007; 

Vera-Candioti et al., 2010). Micronuclei appear 

chromatin masses resulting from chromosome 

fragments or intact whole chromosomes lagging 

behind in the anaphase stage of cell division and due 

mainly to exposure of cells to toxic substances 

(Figure 5). 

 

In this study, results from micronucleus assay are 

presented in Table 2 which showed that there was 

significant induction of MN (statistically different 

from negative control (p<0.05)) in the fish specimens 

Tilapia zilli, Oreochromis niloticus and Sarotherodon 

galilaeus. This could be due to exposure to different 

concentrations of heavy metals that may be present in 

the Asa River. From 6 and 7, the data of micronuclei 

showed the mean ±SE of micronucleus indicated that 

it is statistically significant from negative control 
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(p<0.05) in Oreochromis niloticus and Sarotherodon 

galilaeus.  

 

This observation is consistent with studies that have 

previously shown that mutagens are prevalent in river 

water and mutagens could induce genotoxicity when 

tested for cytogenotoxicity using micronucleus test in 

fish (Lemosa et al., 2007) and Ames test (Valent et 

al., 1993; Vargas et al., 1993; Vargas et al., 1995;).  

These observed genotoxicities reported in this study 

poses a serious threat to food chain, fish reproduction, 

survival genomic instability and may lead to fish 

death. 

 

 Conclusion: This study clearly indicated significant 

bioaccumulation of heavy metals in the organs of the 

four fish species collected from Asa River. The study 

revealed that fish species that was cultured had very 

low bioaccumulation of heavy metals in their internal 

organs because they fed mainly on the feeds provided 

in the pond. In addition, heavy metals were more 

concentrated in the gills than other parts of the fish 

organs sourced because of relatively high potential 

for metal accumulation in the gills. Micronucleus test 

was used to assess the frequencies of micronucleus 

induction and nuclear and abnormalities among fish 

samples used in this study. Micronucleus assay used 

in this study clearly demonstrated that the fish 

samples and possibly other aquatic organisms in the 

Asa River are exposed to genotoxic substances such 

as metals which is evidence that the water is polluted. 

This is worrisome as it suggests that the fish samples 

in this river if consumed poses great health risk to 

humans due to presence of heavy metals in them 

beyond permissible limit.  
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