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Abstract: Bioaccumulation of heavy metal in fish Auchenoglanis occidentalis,Clarias gariepinus and 

Oreochromis niloticus) tissues in Upper Benue River was evaluated. Data were collected in four different sites 

of the river once in month in triplicate from May 2014-October 2015 determination of Heavy metal like Pb, Cu, 

Cd, Zn, Cr and Ni using a Buck Scientific 200A model, Atomic Absorption Spectrophotometer. All the Heavy 

Metals (Pb, Cu, Cd, Zn, Cr and Ni) under investigation were present in measurable amount in fish tissues 

except Cadmium and Chromium which were below detection level. The mean concentration of Copper ranged 

between 0.40mg/kg to 1.27mg/kg which were recorded in A. occidentalis gills and C. gariepinus gills from site 

A. The mean concentration of Nickel in the fish species tissues ranged from 0.05mg/kg to 0.80mg/kg which was 

observed in A. occidentalis gills from Site A and Site C and C. gariepinus gills from Site B in C. The mean 

concentration of Lead in the gills of some fish species ranged between 0.04mg/kg to 1.15mg/kg which was 

observed in C. gariepinus gills from Site D and Site C. The concentration of Zinc ranged between 0.31mg/kg in 

A.occidentalis muscles from Site A to 0.76mg/kg in C.gariepinus liver from Site D. Copper profile in the fish 

species tissues was gills>liver>muscles. Copper concentration in fish species tissues did not exceed the 

allowable limits set by WHO. The trend of Ni concentration is gills>muscles>liver. Nickel was observed to be 

above the permissible limit in the gills of C. gariepinus from all the sites and muscle of O. niloticus from site A. 

The pattern of the accumulation of lead was gills>liver>muscles. The maximum values of lead obtained in this 

study exceeded the permissible limit of 0.2mg/kg. The result of the analysis of Zinc in this study revealed that 

except A. occidentalis and C. gariepinus gills, all other comparison in variation of Zinc in fish species tissue 

were significantly different (P<0.05) between sites . The pattern of accumulation was liver>gill>muscles. The 

concentration of Zinc observed in the tissues of fish species were within the recommended range of 100mg/kg 

for fish food.  
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I. Introduction 

Heavy metals have been shown to undergo bioaccumulation in the tissue of aquatic organisms. 

Concern about heavy-metal contamination of fish has been motivated largely by adverse effects on humans, 

given that consumption of fish is the primary route of heavy metal exposure (Nsikak et al., 2007). Fish 

accumulate toxic chemicals such as heavy metals directly from water and diet, and contaminant residues may 

ultimately reach concentrations hundreds or thousands of times above those measured in the water, sediment 

and food (Goodwin et al., 2003; Labonne et al., 2001; Osman et al., 2007). Several studies (Ademoroti, 1996; 

Cusimano et al., 1986; Heath, 1987; Allen, 1995; Karthikeyan et al., 2007) have also indicated that fish are able 

to accumulate and retain heavy metals from their environment depending upon exposure concentration and 

duration. Adeyeye et al. (1996) also showed that the concentration of metals is a function of fish species as it 

accumulates more in some fish species than others. Most heavy metals have no beneficial functions to the body 

and can be highly toxic. High concentration exposure is not necessary to produce a state of toxicity in the body 

tissue and, overtime, can reach toxic concentration at low levels (Prusty, 1994). Heavy metals belong to the 

group of elements whose hydro-geochemistry cycles have been greatly accelerated by man. The rapid 

industrialization, coupled with technological advances in agriculture, has introduced various pollutants 

(synthetic and organic) into the aquatic ecosystems, which serves as the ultimate sink for most metals (Ogbeibu 

and Ezeunara, 2002). Heavy metal toxicity can result in damaged or reduced mental and central nervous 

function, lower energy levels, and damage to blood composition, lungs, kidneys, liver, and other vital organs of 

the fish. Long-term exposure may result in slowly progressing physical, muscular, and neurological 

degenerative processes. Various species of fish are mostly used as bio-indicators of heavy metals contamination 

(Svobodovo et al., 2004).  High level of heavy metals has apparent lethal and chronic effects on fishes (Kotze, 

1999). Fish have been the most popular choice as test organism because they are presumably the best 



Bioaccumulation of Heavy Metals in  Auchenoglanis Occidentalis, C. Gariepinus and Oreochromis  

DOI: 10.9790/2402-1101011317                                 www.iosrjournals.org                                             14 | Page 

understood organism in the aquatic environment (Buikema et al., 1982) and also due to their importance to man 

as a protein source (Kim et al., 1996). The aim of this research therefore, is to determine the level of 

contamination and the bioaccumulation of Cd, Cr, Cu, Ni, Pb and Zinc in the most common fish species in 

Upper Benue River in Adamawa State. 

  

II. Materials And Methods Study Area 
Adamawa State is located at the North Eastern part of Nigeria. It lies between latitude 7° and 11°  N of 

the equator and between longitude 11° and 14° E of the Greenwich meridian. It has an altitude of 185.9 and 

covers a land area of about 38,741km. It shares boundary with Taraba in the south and west, Gombe state in its 

northwest and Borno state to the north. Adamawa state has and international boundary with Cameroon Republic 

along its Eastern border. The Benue which is the major river in the state rises from the highlands of Cameroon 

and flows to the south- ward to join the River Niger at Lokoja River Benue is the main source of water for 

irrigation, fishing, domestic and industrial purposes in the state. The river is well dissected by network of rivers. 

The river is approximately 1,400 km long and it is almost navigable during the summer months (UBRDA, 

1985). This study was conducted in the Upper Benue River and the study sites included Njoboliyo (Site A), 

Boronji (Site B), Jimeta under Bridge (Site C) and Numan Confluence (Site D).     

   

 
Fig 1: Map of Adamawa State Showing Study Area and Sampling Sites. 

 

Fish Sampling Protocol/Laboratory Measurement 

Fish species of commercial importance (Auchenoglanis occidentalis, Clarias gariepinus and 

Oreochromis niloticus) were sampled from fish mongers from Upper Benue River. A random composite 

sampling technique was used without discrepancies for sexes in species. Fish samples were collected in 

triplicate. Samples were identified taxonomically using standard reference sources (www.fishbase.org).  The 

study was conducted for eighteen months (18) May 2014 to October 2015.  

 

Digestion/ Determination of Heavy Metal in Fish species 

The entire fish samples ((Auchenoglanis occidentalis and Oreochromis niloticus were separated. Scales 

were removed (for those with scales) and washed with running water before dissecting with sterile scissors to 

remove gills and livers. These organs were transferred into sterile sample bottles; it was labelled and kept for 

http://www.fishbase.org/
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digestion and analysis to determine heavy metals (Novozamsky et al.1983). The flesh, liver and gill of each fish 

samples were dried at 105°C until they reach a constant weight.  Each dried sample was grounded, using 

porcelain mortar and a pestle. The grounded fish organs were transferred to a porcelain basin and put into a 

Thermion P muffle furnace at a temperature of 550°C for 4 hrs. Samples were digested with tri-acid mixture 

(HNO3: HClO4·H2SO4 = 10:4:1) at a rate of 5 ml/per 0.5 g of sample and were placed on a hot plate at 100°C 

temperature. Determination of Heavy metal like Cd, Cu, Ni, Pb and Zinc were made directly on each final 

solution using a Buck Scientific 200A model, Atomic Absorption Spectrophotometer (AAS) and the values 

obtained was expressed in milligram per kilogram (mg/kg) (APHA 1995, APHA 2005). Procedural blanks were 

prepared and aspirated along with the analytical samples in order to correct for background absorption. The 

levels of heavy metals in flesh, gills and liver were evaluated by comparing the statistical mean levels of the 

metals in the flesh, gills and liver samples. 

Statistical Analysis 

Data obtained in this study were analysed using one way analysis of variance (ANOVA) to determine the mean 

significant variation (at 0.05) in the species tissues and heavy metals in the sampling sites. 

 

III.  Results 

All the Heavy Metals (Pb, Cu, Cd, Zn, Cr and Ni) under investigation were present in fish organs 

except Cadmium and Chromium which were below detection level. The Concentration of Copper in tissues of 

these fish species from different Sites of Upper Benue River is presented in Table 1. The results show that the 

mean concentration of Copper ranged between 0.40mg/kg to 1.27mg/kg which were recorded in A. occidentalis 

gills and C. gariepinus gills from site A.  The Concentration of Nickel in tissues of fish species is presented in 

Table 2. The mean concentration of Nickel in the fish species tissues ranged from 0.05mg/kg to 0.80mg/kg 

which was observed in A. occidentalis gills from Site A and Site C and C. gariepinus gills from Site B in C. The 

Concentration of Lead in tissues of fish species is presented in Table 3. The mean concentration of Lead in the 

gills of some fish species ranged between 0.04mg/kg to 1.15mg/kg which was observed in C. gariepinus gills 

from Site D and Site C. There was a significant variation (P˂0.05) between Sites and fish species. The 

Concentration of Zinc in tissues of fish species is presented in Table 4. The concentration of Zinc ranged 

between 0.31mg/kg in A.occidentalis muscles from Site A to 0.76mg/kg in C.gariepinus liver from Site D.  

 

Table 1: Mean Variation of Copper (mg/kg) Concentration in the gills, Liver and Muscles of some Fish species 

from different Sites of Upper Benue River.                                                                           

 
 

Means with the same superscript are not significantly (P>0.05) different from each other                                                 

Site A-Njoboliyo 

SiteB-Boronji 

SiteC-Jimeta Bridge 

SiteD-Numan confluence 

 

Table 2: Mean Variation of Nickel (mg/kg) Concentration in the gills, Liver and Muscles of some Fish species 

in different Sites of Upper Benue River.                                            

                                                                                                            
 

Means with the same superscript are not significantly (P>0.05) different from each other                                                 

SiteA-Njoboliyo 

SiteB-Boronji 

SiteC-Jimeta Bridge 

SiteD-Numan confluence 
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Table 1: Mean Variation of Lead (mg/kg) Concentration in the gills, Liver and Muscles of some Fish species 

from different Sites of Upper Benue River. 

 
 

Means with the same superscript are not significantly (P>0.05) different from each other                                                 

SiteA-Njoboliyo 

SiteB-Boronji 

SiteC-Jimeta Bridge 

SiteD-Numan confluence 
 

Table 4: Mean Variation of Zinc (mg/kg) Concentration in the gills, Liver and Muscles of some Fish species in 

different Sites of Upper Benue River. 

 
 

Means with the same superscript are not significantly (P>0.05) different from each other                                                 

SiteA-Njoboliyo 

SiteB-Boronji 

SiteC-Jimeta Bridge 

SiteD-Numan confluence 
 

IV. Discussion 

The results of the current study showed a significant variation in the accumulation of metals in the 

different tissue of different fish species, which is principally dependent on the bioavailability of metal 

concentration in the aquatic habitat (Peakal and Burgar, 2003, Marcovecchio, 2004). However, the highest 

Copper concentration in this study did not exceed the allowable limit for fish food.  FAO (1983) gave a 

maximum allowable limit Copper in fish food as 30mg/kg. Generally, the result indicated that Copper value was 

higher in gills especially that of C. gariepinus than liver and muscles of all the fish species which was reported 

in Site A. The reason could be due to the fact that gills which are in direct contact with water might have 

accumulated more of Copper than any organ. This is in line with the report of Nuessey et al. (2001), who 

reported that gills of fishes accumulate more amounts of heavy metals than other tissues due to their intimate 

contact with the aquatic environment.  Nickel was observed to be above the permissible limit in the gills of C. 

gariepinus from all the sites and muscle of O. niloticus from site A as recommended by (WHO, 2003; FEPA, 

2003) in fish food. The trend of Nickel concentration in fish organ in this study was gills>muscles>liver. This 

study corroborates the assertion that gills are the main position of entry for the dissolved metals as a result they 

present the target for the toxic action of metals (Olsson et al, 1998).  A significant variation was observed in Lead 

concentration in the organs of fish species. The highest Lead was observed in gills of C. gariepinus in site C, liver of O. 

niloticus recorded the highest lead from site D and muscles of A. occidentalis obtained the highest Lead in site D. The 

highest values of Lead obtained in this study in fish tissue exceeded the maximum recommended limit of 0.2mg/kg (WHO, 

2003; FEPA, 2003; and FAO 1983) in fish food. The pattern of accumulation of Lead in this study was gills>liver>muscles. 

Generally, the highest Lead was observed in gills of C.gariepinus in site C.  The reason for the high level of Lead in the gills 

may be due to adsorption of heavy metals to the gills surfaces and dependent on the availability of protein to which Lead 

may bind.  Ikem et al, (2001) reported that high levels of metals in fish species relative to other tissues may be 

attributed to the affinity or strong coordination of metallothionein protein with this element.  The result of the 

analysis of Zinc in this study revealed that, with the exception of A. occidentalis and C. gariepinus gills, all 

other comparison in the variation of Zn in fish species tissues were significantly different between sites. The 

concentration of Zn observed in the current study was within the permissible limit of 100mg/kg for fish food set 

by (FAO, 1992; WHO, 2003). The trend of the accumulation of Zn in the study was liver>gills>muscles. This is 

in line with the result obtained by Akan, et al. (2009) who reported the same trend of bioaccumulation of heavy 

metal of six fresh water fishes from Lake Chad. In general, accumulation of the heavy metals (total mean) 

analysed in the sampled fishes was of the following trend: C. gariepinus > O. niloticus > A. occidentalis and the 

pattern of distribution is Cu > Pb >Nickel > Zn for all the fish species. This showed that the accumulation of the 

heavy metals was species-related. 
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V. Conclusion 
All the heavy metals present in fish tissues were within the recommended limit for fish food except 

Nickel and Lead which was slightly high in some tissues of C. gariepinus and O. niloticus and was outside the 

recommended range when compared with the maximum recommended limits.     
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