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Abstract— This study investigated the heavy metal concentration of commonly consumed fish species in Ozoro, Delta State, Nigeria. The four fish 
samples procured from Ozoro daily market; Tilapia (Oreochromis niloticus), Mud Fish (Clarias anguillaris), Catfish (Ostariophysi Siluriformes) and 
Croaker fish (Micropogonias undulates) were used in this study. Each of the fish samples were cut into three parts; head, trunk and tail. Samples were 
then oven dried and ashed in electric furnace at temperature of 4500C.  The fish parts were digested using Nitric acid/Perchloric acid mixture (2:1). 
Heavy metal concentration was determined using Atomic Absorption Spectrophotometer (Varian Spectra AA 200 model). Results obtained showed that 
most of the metals were associated with the head. Zinc was the most dominant metal and ranged from 2.97 - 6.59mg/kg. Copper ranged from 0.94 - 
3.13mg/kg; Pb and Cd concentration ranged from 0.06 - 1.36mg/kg and 0.00 - 0.30 mg/kg dry, respectively. The mean concentrations of the metals were 
below world mean average except lead. The presence of non essential elements (Pb and Cd) in the study calls for concern to the consuming populace 
of these fishes. 
 

Index Terms— Concentration, Fish, Heavy metal, Head , Tail,  

——————————      —————————— 

1 INTRODUCTION                                                                     

eavy metals are metals of high density usually greater 
than 5.00 to 6.00 g/cm³ and may have hazardous effects 

on plants and animal ecosystems when present above concen-
trations found naturally (Keepax et al., 2011). Heavy metals 
are potentially toxic (aluminiun, arsenic, cadmium, antimony, 
lead and mercury), semi-essential (nickel, vanadium, cobalt) 
and essential [copper, zinc, selenium, manganese, iron, etc] 
(Szentmihalyi and Then, 2007). These essential metals can be 
toxic effects when excessively taken (Tüzen, 2003; Ellias, 2009). 
Fishes are the most important organisms in the aquatic food 
chain. They are very sensitive to heavy metals contamination. 
Fishes are a great source of protein enhanced food the world 
over (Mansour and Sidky, 2002). Consumption of fish contam-
inated with heavy metals can have toxic effects on human 
health (Mai et al., 2006). Heavy metals once penetrated into 
the body through food chain may lead to serious diseases 
(Idzelis, 2007). Ingestion of heavy metals leads to numerous 
health challenges (Ayeloja et al., 2014).Various studies have 
been conducted on heavy metal bioaccumulation in the head, 
trunk and tail of fish collected from different freshwater aquat-
ic systems (Asiagwu et al., 2009). The objective of this present 
study was to determine the occurrence and levels of some se-
lected heavy metals (Copper, lead, cadmium and zinc) in 
head, trunk and tail of the fish, Tilapia, Mud fish, cat fish and 
crokers commonly consumed in Ozoro, Delta State Nigeria. 
There has been no reported study on this to the best our 
knowledge in the area and so this study will serve as a base-
line for future references in Ozoro and environs. 
 
 

 
2  MATERIAL AND METHODS 
 
2.1. Description of the study area 
The study was carried out in Ozoro, Delta State, Nigeria. Ozo-
ro is a semi-urban town that is fast developing probably be-
cause of the state Polytechnic. Ozoro is the administrative 
headquarters of Isoko North Local government Area and lies 
between longitude 6°12′58″E and latitude 5°32′18″N 
(www.wikipedia.org). 

2.2. Sampling and Analysis   

Fish samples were purchased from daily market in the town. 
The fish were carefully cut into three parts; head, trunk and 
tail. The various parts were oven dried and thereafter ashed in 
an electric furnace at 450˚C. 2g of the ashed fish parts were 
weighed into three separate beakers. 10ml of nitric/perchloric 
acid, ratio 2:1 were added to the samples and digested at 
105˚C for 1hour. HCl and water in the ratio 1:1 were added to 
the digested samples and the mixture heated for 30 minutes. 
The digestate was allowed to cool to room temperature and 
filtered into a 100ml volumetric flask using Whatman (No. 1) 
filter paper and made up to mark with distilled water.  The 
samples were then analysed for heavy metals (Cu, Pb, Cd and 
Zn,) using Atomic Absorption Spectrophotometer (Varian 
Spectra AA 200). 

2.3. Statistical Analysis 

The data obtained were processed statistically and presented 
as mean ± standard error of mean. Statistical significance of 
comparison of data was analysed using one way analysis of 
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variance (ANOVA), followed by LSD’s multiple range tests, 
using the software, statistical package for social science (SPSS) 
version 21 windows software and significance level at p values 
< 0.05 was considered significant.  

3   RESULTS AND DISCUSSION 

 
 

    Table 1: Concentration of Heavy metals (mg/kg) in some fish species from Ozoro 
Sample Parts Metal Concentration  (mg/kg dry) 

Cu  Pb  Cd Zn  

Tilapia (Oreochromis 
niloticus) 

Head 2.85±0.05 1.27±0.00 0.29±0.01 7.35±0.05 

Trunk 4.67±0.01 1.02±0.01 0.11±0.02 5.38±0.03 

Tail 1.87±0.01 1.17±0.01 0.09±0.01 5.63±0.02 

Mud Fish (Clarias 
anguillaris) 

Head 2.95±0.05 0.35±0.00 0.02±0.01 3.58±0.08 

Trunk 3.28±0.03 0.43±0.01 0.05±0.00 2.46±0.05 

Tail 1.23±0.01 0.96±0.01 0.00 2.86±0.01 

Catfish (Ostariophysi 
Siluriformes) 

Head 2.74±0.02 1.23±0.00 0.30±0.05 7.05±0.02 

Trunk 2.48±0.00 1.36±0.02 0.20±0.09 7.16±0.09 

Tail 1.60±0.10 0.89±0.00 0.04±0.03 5.57±0.04 

Croaker fish 
(Micropogonias undulates) 

Head 1.97±0.03 0.63±0.01 0.08±0.01 4.43±0.04 

Trunk 1.65±0.05 0.32±0.00 0.00 3.75±0.05 

Tail 0.94±0.05 0.06±0.02 0.00 2.84±0.09 
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Table 2. Mean Concentration of Heavy metal (mg/kg ) in some fish species from Ozoro 

Sample/ Metal Cu (mg/kg) Pb (mg/kg)  Cd (mg/kg) Zn (mg/kg) 

Tilapia (Oreochromis niloticus) 3.13±0.82a 1.15±0.07a 0.16±0.06a 6.12±0.62a 

Mud Fish (Clarias anguillaris) 2.49±0.64b 0.58±0.19b 0.02±0.02b 2.97±0.33b 

Catfish (Ostariophysi Siluriformes) 2.27±0.35b 1.16±0.14a 0.18±0.08a 6.59±0.51a 

Croaker fish (Micropogonias undulates) 1.52±0.30c 0.34±0.17b 0.03±0.03b 3.67±0.46b 

 Values are expressed as mean±SEM. ANOVA followed by LSD’s multiple range tests. Values not sharing a common   superscript differ significantly 
at P<0.05. 
 
Table 3.  Comparison of the mean of heavy metal concentrations in present study with that of the other Researchers 

 Fish specie Mean Metal Concentration (mg/kg) 

Location  Cu  Pb  Cd Zn  Reference(s) 

North Central 
Nigeria 

Tilapia 

Catfish 

Croaker  

 

0.19 

0.12 

0.20 

- 

- 

- 

- 

- 

- 

6.12 

2.93 

5.20 

Igwemmar et al., 2013 

Igwemmar et al., 2013 

Igwemmar et al., 2013 

South South 
Nigeria 

Tilapia 

Catfish 

catfish 

0.41 

0.15 

3.09 

0.34 

0.14 

0.36 

0.19 

0.05 

0.25 

0.31 

0.18 

34.87 

Omuku et al., 2008 

Omuku et al., 2008 

Kelle et al., 2013 

South West 
Nigeria 

Tilapia 

Catfish 

0.24 

0.11 

0.39 

0.46 

0.07 

0.12 

0.44 

0.46 

Ayeloja et al., 2014 

Ayeloja et al., 2014 
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Malaysia  Tilapia  - 0.34 0.04 55.72 Abdulali et al.,(2012) 

Palestine Tilapia 0.64 0.12 - - Kamal et al.,(2013) 

South South 
Nigeria 

Tilapia  

Catfish  

Croaker  

3.13 

2.27 

1.52 

1.15 

1.16 

0.34 

0.16 

0.18 

0.03 

6.12 

6.59 

3.67 

Present study 

Present study 

Present study 

FAO/WHO Tolerance in 
fish 

30 0.50 0.50 40 WHO (1989) 

 
 
 

 
 
 
Figure1. Comparison of the distribution of Zn, Cd, Pb and Cu on the head, Trunk and Tail of Tilapia, Mudfish, Catfish 
and Croaker fish sold in Ozoro 

 
 The data obtained for heavy metal contents in fish 
(mg/kg dry) are presented in Table 1 and Figure 1 below. Alt-

hough these results are generally low, they are higher than 
values obtained in tilapia as reported by Omoku et al (2008) 
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from Ethiope River in Delta State, Nigeria and this call for a 
serious concern. A critical look at the analytical results showed 
the ranges of the essential elements zinc and copper in the fish 
samples to be 2.97 to 6.59mg/kg and 0.94 - 3.13mg/kg respec-
tively. Zinc was the most predominant metal in this study and 
zinc concentration was highest in the head and least in the 
trunk except in Catfish as shown in table 1 and figure 1. Dom-
inance of zinc in the studied fish species agrees with the find-
ing of other researchers Table 3 (Igwemmar et al., 2013; Omu-
ku et al., 2008; Kelle et al., 2013; Ayeloja et al., 2014). The zinc 
value obtained compared favourably with that obtained for 
catfish (Igwemmar et al., 2013). Similarly copper was mainly 
distributed in the trunk and least in the tail in Tilapia and 
Mud Fish except in Catfish and Croaker fish where it is mainly 
distributed in the head and least in the tail (table 1 and figure 
1). The mean concentration of zinc in the studied samples fol-
lows in the order Catfish > Tilapia > Croaker fish > Mud Fish 
(Table 2) whereas that of copper follows in the order: Tilapia > 
Mud Fish > Catfish > Croaker fish. Catfish and Tilapia show a 
higher level of Zn and Cu than Mud fish and Croaker fish and 
varies significantly at P<0.05 when compared. Mean concentra-
tions of Zn found in all fish samples studied are all less than 
50 mg/kg and, well below the guideline level (MAFF 1995) and 
40mg/kg tolerance level permitted by FAO/WHO, (1989). Zinc 
plays a significant role in many enzymatic reactions (Erum, et 
al., 2009). The deficiency of zinc in the body can lead to the 
inability of the human body to maintain zinc (Dilek and Ah-
med, 2006; Erum et al., 2009). Cu results obtained in the stud-
ied samples were slightly higher than those reported by other 
researchers (Table 3) except (Kelle et al., 2013). Cu concentra-
tions in all the fish samples were quite below the guideline 
level of 20 mg/kg (MAFF 1995) and FAO/WHO (1989) toler-
ance level of 30mg/kg..  

The non-essential metals Pb and Cd ranged from 0.06 
- 1.36mg/kg and 0.00 - 0.30 mg/kg, respectively. The concentra-
tion of non-essential element Pb was highest in the head in 
Tilapia and Croaker fish except in Mud fish and Catfish where 
it was highest in  the tail and trunk respectively (Table 1 and 
Figure 1). Comparing the level of cadmium and lead in the 
various fish samples sold in Ozoro market shows that they 
vary significantly at P<0.05. The cadmium result compared well 
with result obtained by Omuku et al 2009 for Tilapia and Kelle 
et al., 2013 for catfish and varies slightly from others (Table, 3). 
Lead (Pb) results in this study were higher than that reported 
by other researchers in catfish and Tilapia (Table, 3). Lead in 
all the samples were higher than the tolerance level of 
0.5mg/kg allowed by FAO/WHO (1989) except croaker fish. 
Lead is toxic by substituting zinc in heme synthesis and ob-
structing the function of heme-synthesizing enzymes (Goyer 
and Clarkson, 2001). National Academy of Science/National 
Research Council (1993) reported that substitution of calcium 
by lead resulted in toxicity of several vital enzyme systems in 
the central nervous system. This toxicity impaired the devel-
opment and function of enzymes involved in the production 
and transport of neurotransmitters. 

4. CONCLUSION AND RECOMMENDATIONS 

This study revealed that the fish samples, Tilapia,  Catfish, 
Mudfish and Croaker fish consumed in Ozoro, contain heavy 
metals; copper, lead, cadmium and zinc,  in varying concentra-
tions. However, results obtained were below FAO/WHO per-
missible except for lead. 

The concentrations of the non essential metals lead and cad-
mium in this present study calls for concern considering their 
toxic nature, therefore periodic monitoring by relevant regula-
tory authorities is recommended to ensure safety of the fish 
consuming populace. 
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