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Abstract: The nutritional value of fish may be affected by the environment in which it exists. The threat of toxic and 
trace metals in the environment is more serious than those of other pollutants due to their non-biodegradable nature. 
This is coupled with their bio-accumulative and biomagnification potentials. Within the aquatic habitat, fish cannot 
escape from the detrimental effects of these pollutants. In this study, uptake of lead (Pb), zinc (Zn) and chromium (Cr) 
in African characid (Clarias gariepinus) and African arowana (Heterotis niloticus) were investigated. Concentrations 
of the heavy metals were determined by Atomic Absorption Spectrophotometry after microwave digestion of samples 
of the fish species. The mean concentrations of Pb in African characid (Clarias gariepinus) and African Arowana 
(Heterotis niloticus) in this study were 1.0525±0.46 and 0.860 ± 0.22 mg/kg respectively. The permissible limits for 
Pb in fish set by the World Health Organization (WHO) and Food and Agricultural Organization (FAO) is 1mg/kg. 
The National Agency for Food, Drug Administration and Control (NAFDAC), Nigeria and European Union values 
are 2.0 and 0.3mg/kg respectively. The mean values of Zn in this study for African characid (Clarias gariepinus) and 
African arowana (Heterotis niloticus) are1.155±0.04 mg/kg and 2.365 ± 0.23 mg/kg respectively. These values are 
below the permissible limits of 50 and 100 set by NAFDAC, Nigeria and WHO.The mean value of Cr for African 
characid (Clarias gariepinus), 1.31±0.41 is greater than the recommended value of 0.05 –0.15mg/kg set by WHO and 
FAO, but less than 12 – 13mg/kg set by Food and Drug Agency (FDA).  
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1. Introduction 

Although fish is a major source of protein (Rasheed, 2001), it is also a major source of heavy 
metals in food (Siverperumal et al., 2007). Furthermore, fish species are used as bio-indicators of 
heavy metals (Svobodova et al., 2004) because heavy metal concentration depicts both the present 
and the past pollution load of an environment (Raveraet al.,2003). Therefore, the safety of fish 
species for human consumption needs to be constantly studied especially, in areas already known 
to be polluted.. As a result, fishes are considered as a better specimen for investigation of pollutant 
loads than water sample because of the significant level of metal they bioaccumulate (Atuma and 
Egborge, 1986). It is significantly important to determine and monitor heavy metal level in 
foodstuffs, particularly sea and freshwater food. Heavy metal ion can easily accumulate in such 
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food compared to other foodstuffs that can course harmful effect on human health (Allen-Gill and 
Marynor, 1995). Discharge of industrial water or wastewater without a pretreatment into the lake, 
rivers, stream, and sea, primarily causes an increase in the heavy metals in those water bodies. 
Moreover, such water is speedily polluted by chemical substances, paint, pesticides, petroleum 
products, and industrial, domestic and modern agriculture waste (FEPA, 1991). 
 
In trace amounts many elements are useful to the human body but in large amounts, they cannot 
be excreted and thus, bio-accumulate in the body interfering with enzyme activities thus, hindering 
many body functions (Ongwuegbu and Ijioma, 2003). On the other hand, no amount of some 
particular element is considered safe. It is importance to constantly study the amount of elements 
in fishes found in various water bodies to check if they conform to tolerable limits established by 
regulatory agencies including the World Health Organization (WHO), Food and Agricultural 
Organization (FAO), National Agency for Food, Drug Administration and Control (NAFDAC), 
Nigeria and European Union values, Food and Drug Agency (FDA especially, in polluted areas. 
This is very important if one notes that people depend on fish as a major source of protein but 
unfortunately, fishes accumulate some dangerous elements from the surrounding water to an 
amount hundreds or even thousands of times higher than the surrounding water (Osman et al., 
2007). 
2. Materials and Methods 

2.1 The Study Area 

       The Yobe River, also known as the Komadugu Yobe River  is a river in West Africa that flows 
into Lake Chad through Nigeria and Niger. In Yobe State, it is located on longitud12º52´N and 
latitude 10º58´E in Gashua, Bade Local Government Area. Its tributaries include River Hadejia , 
River Jama'are , and the Komadugu Gana River. The river forms a small part of the international 
border between Niger and Nigeria with 150 km and flows a total of 320 km (KYBP, 2006). There 
are concerns about changes in the river flow, economy and ecology due to upstream dams, the 
largest at present being the Tiga Dam in Kano State, with plans for the Kafin Zaki dam in Bauchi 
State (NPC, (2006). The River Yobe provides a means of subsistence for hundreds of thousands of 
people who work in a variety of commercial and agricultural endeavours along its almost 200 km 
length in the state's northern region, which spans seven local government areas (LGAs) from 
Nguru to Yunusari. Notable towns near the river include Gashua, Geidam and Damasak in  Nigeria, 
and Diffa in Niger (Wakawa et al, 2017). 

                    

                                        Figure 1: Catchment Area of the Komadugu River 
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2.2 Instruments, Apparatus and Reagents  
All equipment and instruments used in this research were calibrated before conducting the 
experiments. All glassware used were thoroughly washed with detergents and tap water and then 
rinsed with deionized water. Suspected contaminants wares were cleaned with 10% concentrated 
Nitric acid (HNO3) and metal surfaces rinsed with deionized water. The digestion tubes were 
soaked with 1% (w/v) potassium dichromate in 98% (v/v) H2SO4. 
In preparation of reagents, chemicals of analytical grade purity and distilled water were used. All 
glassware and plastic containers were washed with detergents.  
2.3 Digestion of the Fish Samples  
The fish samples were weighed, decapitated, cut into smaller pieces using knife and then dried in 
an oven for 48hours at 1200C. The dried samples were ground and milled with a mortar and pestle 
into fine powder. A microwave digester (Master 40 serial No: 40G106M) was used in digesting 
the fish samples in a digestion tube to which 0.1g of sample was added at a time, followed by 6mL 
of 65% HNO3 and 2mL of 30% H2O2 and allowed to stand for a while. The digestion was carried 
out at 180C, 1800W in a time of 30mins.The digestion was followed by cooling at room 
temperature in the microwave and the sample was diluted with de-ionized water. Potential 
presences of selected heavy metals in chemicals used in digestion were determined. Blanks were 
used simultaneously in each batch of the analysis to authenticate the analytical quality (SINEO, 
2013). 

  2.4 Atomic Absorption Spectrometric Analysis   

The fish extracts were analyzed for lead (283.5nm), zinc (213.9nm) and chromium (3579nm) using 
flame atomic absorption spectrophotometry. Blank determinations were made prior to sample 
analysis. Heavy metal concentrations in fish extracts were obtained in triplicates from calibration 
curves and expressed as mg/kg. Metals in chemicals used in digestion were determined. Blanks 
were used simultaneously in each batch of the analysis to authenticate the analytical quality 
(SINEO, 2013).  

2.5 Statistical Analysis  
The data were analyzed in triplets and expressed as mean and standard deviation. The mean of all 
treatments was subjected to a One-way analysis of variance (ANOVA) using IBM SPSS 
Statistics 23 software and mean differences were performed using the Tukey test. All graphs 
were plotted using Microsoft Excel 2013. 

3. Results and Discussion 

Fish is a basic and important food for human nutrition, providing protein, and healthy fatty acid 
with low cholesterol level that is healthy for consumption and capable of reducing the risk of 
heart diseases and stroke as well as essential minerals and vitamins (Agbugui et al., 2011). The 
role of Fisheries in the ecosystem serving as food along the food chain, hence their presence and 
importance cannot be overlooked as the heavy metal accrued in fish results to an impact in 
human health (Azaman et al., 2015; Agbugui et al., 2019).  
 
Heavy metals differ widely in their chemical properties and are used extensively in electronics, 
Machines and the artefacts of everyday life as well as in high-tech applications. As a result, they 
are able to enter into the aquatic environment and food chains of humans and animals from a 
Variety of anthropogenic sources as well as from natural sources (Al-yousuf et al., 2000). The 
main sources of contamination include; mining wastes, landfill leaches, municipal wastewater, 
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urban runoff, and industrial waste waters particularly from electroplating, electronic and metal 
finishing industries. Many aquatic environments face metal concentrations that exceed water 
quality criteria designed to protect the environment, animals and humans. The problems are 
exacerbated because metals have the tendency to be transported with sediments, are persistent in 
the environment and can bio-accumulate in the food chain (ATSDR, 2007). 
 
3.2 Levels of Lead, Zinc and Chromium in Fish Species 

The results of the mean concentrations of Pb, Zn and Cr in African characid (Clarias gariepinus) 
and African arowana (Heterotis niloticus) are presented in Table 1. 

        Table 1: Mean Concentrations (mg/kg) of Pb, Zn and Cr 
            Fish Specie Pb Zn Cr 
African Characid 1.0525±0.46 1.155±0.04 1.31±0.41 
African Arowana 0.860 ± 0.22 2.365±0.23 23.733±1.26 
WHO/FAO 1 100 0.005 -0.15 
EU 0.3   
NAFDAC 2.0 50  
FDA   12 – 13 

          KEY 
     WHO: World Health Organization 
      EU: European Union 
      NAFDAC: National Agency for Food, Drug Administration and Control 
       FDA: Food and Drug Agency 
The mean concentrations of lead, zinc and chromium in African characid (Clarias gariepinus) 
and African arowana (Heterotis niloticus) fish species are shown in Figure 1 

 

3.2.1 Lead 

The mean concentrations of Pb in African characid (Clarias gariepinus) and African Arowana 
(Heterotis niloticus) in this study were 1.0525±0.46 and 0.860 ± 0.22 mg/kg respectively. The 
permissible limits for Pb in fish set by WHO/FAO is 1mg/kg The NAFDAC and European Union 
values are 2.0 and 0.3mg/kg respectively. Ojaniyi et al.(2021) reported the concentrations of Pb  
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in cat fish in (Clarias garipinus), African arowana (Heterotis niloticus), and African mottled eel 
(Anguilla labiate) were 0.276±0.003, 0.394±0.1 and 0.299±0.061 mg/kg respectively. In another 
report, Yuguda et al.,(2022) gave Pb concentration in catfish and tilapia as  1.163±0.071 and 
0.431±0.102 mg/kg respectively. The Pb concentration in gills of Synodontis schall was 0.50±0.12 
mg/kg (Elinge et al., 2019). A higher value of 2.38 ± 0.02 – 5.84 ± 0.04 mg/kg for Pb in catfish 
(Clarias gariepinus) was reported by Hagras et al., (2018). 

Concentrations of Pb in the environment are largely increased by anthropogenic activities such as 
base metal mining, battery manufacturing, lead based paints and lead-gasoline (Abadi et al., 2014; 
Krishnani et al., 2003; Kennedy 2011). Lead poisoning can happen if a person is exposed to very 
high levels of lead over a short period of time. When this happens, a person may experience the 
following: abdominal pain, constipation, tiredness, headache, irritability, and loss of appetite, 
memory loss, pain or tingling in the hands and or feet and weakness (ATSDR, 2005). However, 
lead poison can easily be overlooked because these symptoms may occur slowly or may be caused 
by other things. Exposure to high levels of lead may cause anemia, weakness and kidney and brain 
damage. Very high lead exposure can cause death. Lead can cross the placenta barrier, which means 
pregnant women who are exposed to lead also expose their unborn children. Lead can damage a 
developing baby’s nervous system (ATSDR, 2005). Even low level of lead exposures in developing 
babies have been found to affect behavior and intelligence. Lead exposure can cause miscarriage, 
stillbirths, and infertility (in both men and women). Generally, lead affects children more than it 
does adults. Children tend to show signs of severe lead toxicity at lower levels than adults (NIOSH, 
1995).    

3.2.2 Zinc 

The mean values of Zn in this study for African characid (Clarias gariepinus) and African arowana 
(Heterotis niloticus) are1.155±0.04 mg/kg and 2.365 ± 0.23 mg/kg respectively. These values are 
below the permissible limits of 50 and 100 set by NAFDAC, Nigeria and WHO. The 
concentrations of Zn in Synodontis schall, 0.60±0.2- 0.15±0.00 mg/kg and 0.47±0.14 - 0.28±0.0 
mg/kg in Synodontis membranaceus reported by Elinge et al., (2019) were lower than the Zn levels 
reported in this study. Similarly, Ojaniyi et al. (2021) reported that concentrations of Zn in cat fish 
(Clarias garipinus), African arowana (Heterotis niloticus) and African mottled eel (Anguilla 
labiate) were 0.245±0.04, 1.242±0.03 and 0.556±0.008 mg/kg respectively. In another report 
Jafiya et al. (2022) gave the concentrations of Zn in Oreochromis niloticus, Clarias gariepinus and 
Syndontis schall as; 8.22±2.86 - 14.46±3.99, 11.09±3.12 - 13.45±3.32 and 8.34±8.98 - 
11.48±10.98 mg/kg respectively. El-Ishaq et al. (2016) also reported Zn concentrations in African 
catfish (Clarias gariepinus and tilapia (O. niloticus) as 2.03±1.2 - 3.58±1.69 and 0.46±0.46 - 
2.74±1.54 mg/kg respectively. Very high concentrations of 74.5 and 71.2 mg/kg of Zn in Tilapia 
guineensis and Sarotherodonmelanotheron were reported by Owhonda et al. (2016). 

Zinc is an essential trace element, a micronutrient in every living organism. Zn is found in almost 
every cell to be involved in nucleic acid synthesis (Tabari et al., 2010). Zinc is known as a cofactor 
to more than 300 enzymes that involved in RNA and DNA metabolism. Zn is also important in the 
structure stabilization of a large amount of proteins (Chasapis et al., 2012; and Song et al., 2010). 
When exceeding amounts are present, Zn becomes toxic (Krishna et al,2014), but a deficiency of 
Zn can lead to several disorders (Scherz and  Kirchhoff, 2006) such as results in poor pregnancy 
outcomes (King, 2000; Uriu-adams, & Keen,2010) and development of chronic diseases, including 
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cardiovascular disease (Messner et al., 2009; Afridi et al., 2009) and also cause cancer (Kazi et 
al.,2010). 

3.2.3 Chromium 

The mean value of Cr for African characid (Clarias gariepinus) in this study, 1.31±0.41 is greater 
than the recommended value of 0.05 – 0.15mg/kg set by the World Health Organization (WHO) 
and Food and Agricultural Organization (FAO), but less than 12 – 13mg/kg set by Food and Drug   
Agency (FDA). However, the result for African arowana (Heterotis  niloticus), 23.733±1.26 mg/kg 
is greater than recommended values of WHO/FAO and FDA. 

Elinge et al., (2019) reported the concentration of Cr in Synodontis schall, 0.13±0.09 mg/kg is less 
than the result for African characid (Clarias gariepinus), which is in consonance with the 
concentration Cr for Synodontis membranaceus, 0.16±0.03 -1.39±0.95mg/kg. These values are 
much less than the result for African arowana (Heterotis niloticus). The Cr concentration in Tilapia 
guineensis, 10.5mg/kg and Sarotherodon melanotheron, 10.3mg/kg are above the results for 
arowana (Heterotis niloticus) (Owhonda et al., (2016). Ojaniyi et al. (2021) reported that 
concentrations of Cr in cat fish (Clarias garipinus), 0.001±0.002 mg/kg, African arowana 
(Heterotis  niloticus),0.000±0.000 mg/kg and African mottled eel (Anguilla labiate), 0.001±0.002 
mg/kg are much lower than the results for African characid (Clarias gariepinus) and African 
arowana (Heterotis niloticus) obtained in this study. Yuguda et al. (2022) reported Cr concentration 
in Catfish, 2.066±0.222-2.882±0.230 mg/kg and Tilapia, 0.439±0.034 - 1.973±0.183 mg/kg, which 
are much lower than the result for African arowana (Heterotis niloticus) in this study. 

Chromium is an essential nutrient metal necessary for metabolism of carbohydrates. Chromium 
will find its way into the aquatic ecosystem through effluents discharged from leather tanneries, 
textiles, metal fishing, electroplating dyeing, mining, printing industries, ceramics, photographic 
and pharmaceutical industries (WHO, 2011). Poor treatment of these effluents can lead to the 
presence of Cr (IV) in the surrounding water bodies, where it is commonly found at potentially 
harmful levels to fish (Rohasliney et al., 2014). The physicochemical parameters of a given water 
body especially surface waters determines the stability of chromium. The most stable forms of 
chromium are the oxidation states trivalent Cr (III) or (Cr3+) and the hexavalent Cr (VI) or (Cr6+). 
The hexavalent chromium (Cr6+) is considered to be toxic (i.e carcinogenic) because of its 
powerful oxidative potential and ability to cross call membranes (Ashraf et al., 2010). Fish 
assimilate Cr by ingestion, gill uptake or by accumulation in the tissues mainly through the liver 
and kidney. The concentration found in fish and other aquatic organisms are often higher and at 
lethal doses than those found in the environment (Karadede et al., 2010). The overall toxic impact 
on organs like gill, livers, kidneys, heart may seriously affect the catabolic, anabolic and 
physiological activities which may deter the optimal growth and behavior of fish. Common toxic 
effect of Chromium in fish include: anatomical, histological, hematological and morphological 
alterations, inhibition and reduction in growth, and impaired immune function (Yilmaz et al., 
2007). 

Chromium in man causes mucosal irritation, phytotoxic corrosion, irritation of the central nervous 
system which is followed by depression and in rare cases of death (Weber et al. 2013). 
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4. Conclusion 

The mean concentrations of lead (Pb), zinc (Zn) and chromium (Cr) in African characid (Clarias 
gariepinus) and African arowana (Heterotis niloticus) determined in this study were within the 
limits set by the World Health Organization (WHO), Food and Agricultural Organization (FAO) 
and National Agency for Food, Drug Administration and Control (NAFDAC). 
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