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Heavy metal concentrations in lungfish (Polypterus annectens), African carp (Heterotis niloticus) and 
catfish (Clarotes laticeps) in Kiri Dam in the Guyuk local government area, Adamawa State, Nigeria were 
studied. The concentrations of lead (Pb), cadmium (Cd), copper (Cu), zinc (Zn), nickel (Ni) and iron (Fe) 
were determined. These metals concentrations were measured by inductively coupled plasma-optical 
emission spectrometry (ICP-OES) in order to assess the fish contamination with these metals. The gills, 
muscles, bones and intestines were analysed for each heavy metal. This research shows that catfish 
had the highest heavy metals concentrations. Catfish Pb concentrations were 0.832, 0.480, 0.661 and 
0.810 mg/L in the gills, muscles, bones and intestine, respectively. The gills accumulated the highest 
level of these metals in C. laticeps compared to the other species. Lungfish and African carp had higher 
concentrations of Cd in the examined parts of their bodies. Based on the results, it is apparent that the 
metal levels in all the fish species were below the recommended concentrations for human 
consumption, indicating that the study area is relatively less polluted with heavy metals.  
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INTRODUCTION 
 
Fish constitute an important source of protein for many 
people throughout the world and fish consumption has 
increased in importance among health-conscious people 
because it provides a healthy and low cholesterol sour-
ces of protein and other nutrients (Burger and Gechfeld, 
2005; Agusa et al., 2005). Heavy metals such as copper 
(Cu) and zinc (Zn) are essential for fish metabolism while 
some others such as lead (Pb) have no known role in 
biological systems. For the normal metabolism of fish, the 
essential metals must be taken up from water, food or 
sediment. However, similar to the route of essential 
metals, non-essential ones are also taken up by fish and 
accumulate in their tissues (Canli and Atli, 2003; 
Turkmen et al., 2005; Dural et al., 2007).  

It has been recognised for many years that the concen-
trations of metals  found in coastal areas, whether they are 
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in the dissolved or particulate phase may be derived from 
a variety of anthropogenic and natural sources (Dalman 
et al., 2006).  

Human beings have been exposed to heavy metal toxins  
for an immeasurable amount of time. The industrialization 
of the world has dramatically increased the overall envi-
ronmental “load” of heavy metal toxins to the point that 
our societies are dependent on industrialization for proper 
functioning.  

In Nigeria, the levels of toxic and non-biodegradable 
heavy metals in fish samples have been reported for 
some dams and lakes including Kainji Lake (Jimoh et al., 
2004), Oguta Lake, Asa Dam, Ilorin; Ureje Dam, Ekiti 
State; Alau Dam, Maiduguri; Kusalla Dam, Kano State 
(Adeyeye and Ayoola, 2010) among others. Thus, 
despite the valuable nutritional constituents of fish, their 
notoriety in the ability to concentrate toxic and non-
biodegradable heavy metals in their body tissues 
(Adeyeye and Ayoola, 2010) calls for an adequate 
assessment of the metal levels in them at regular 
intervals, so as to safeguard the safety of the consumers. 
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Figure 1. Concentrations of lead (Pb) in tissues of benthic fish.  
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Figure 2. Concentrations of cadmium (Cd) in tissues of benthic fish. 

 
 

 

The objectives of this study was to assess levels of heavy 
metal contaminations of fish from the dam and determine 
the benefits or otherwise to the consumers around the 
dam. 

 
 
MATERIALS AND METHODS 

 
Sampling area 
 
The Kiri Dam is in Guyuk local government area of Adamawa State 
in the northeast of Nigeria, damming the Gongola River. It is a 1.2 
km long and 20 m high zoned embankment with an internal clay 

blanket. It is located at latitude 9.6797°N and longitude 12.014°E 
near the town of Kiri in the southern senatorial zone of the state. 
The dam was largely completed in 1982. The reservoir has a 
capacity of 615 million m

3
. 

The dam was built to supply electricity and irrigation needs of the 
Savannah Sugar Company (SSC) at Numan, a large-scale sugar-
cane plantation and processing company. 

The conceived objectives of this dam are hydroelectric power 
generation of about 35 MW and irrigation agriculture of about 

32,000 ha. 
A daily water supply for domestic and industrial use to SSC and 

environs from the reservoir, which include the sugar plantation, 
fisheries production, flood control and flow regulation along the 
Gongola and Benue Rivers (Tukur and Mubi, 2002).  
 
 
Sample preparation and analysis 

 
A total of nine samples (three samples each of lungfish-Polypterus 
annectens,    African carp-Heterotis niloticus   and   catfish-Clarotes  

laticeps), respectively were bought from fishermen at the various 
dam sites. The fish samples were thoroughly washed and rinsed 
with deionized water to remove adhering contaminants. The fish 
samples were transported to the laboratory in ice flakes in coolers. 
The lengths and weights of the fish samples were recorded. 

The gills and muscles were dissected out and placed in separate 
Petri dishes. The gills and muscle samples were dried in an oven 
and then digested according to methods described by Van Loon 
(1980) and Du preez and Steyn (1992). Liver, intestine and gill in 
fish are more often recommended as environmental indicator 
organs of water pollution than any other fish organs. Muscle parts 
were tested as it is the part that is consumed by public (Zauke et 
al., 1999; Agusa et al., 2005). 

Samples of gills, bone, intestine and dorsal muscles weighing 0.5 
g was transferred into a digestion tube containing 35 ml of a mixture 

of nitric and perchloric acid (6+1) and were left overnight at room 
temperature. In the next day, the samples were placed on a hot 
plate at 135°C for 2 h. Care was exercised with fatty material to 
maintain excess nitric acid until most of the organic matter is 
destroyed. The colourless liquor formed was evaporated to dryness 
slowly (avoiding prolonged baking), cooled and dissolved in 5 ml of 
20% nitric acid and diluted to 25 ml mark in a graduated cylinder 
with ultrapure water (MilliQ, Millipare, USA). All digested samples 

were analyzed in duplicate using inductively coupled plasma-optical 
emission spectrometry (ICP-OES) (Perkin Elmer Model, 2003). 

In all metal determinations, analytical blanks were prepared in a 
similar manner like the samples. All glassware was carefully 
cleaned with a solution of 10% nitric acid for 4 h followed by 
thorough rinsing with deionized water.  

 
 

RESULTS AND DISCUSSION 
 

Figures 1 to 6 show the concentration of Pb, cadmium (Cd),  
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Figure 3. Concentrations of copper (Cu) in tissues of benthic fish.  
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Figure 4. Concentrations of zinc (Zn) in tissues of benthic fish. 

 
 
 

 
 

0

0.002

0.004

0.006

0.008

0.01

Gills Muscles Bones Intestines

Catfish

Lungfish

African CarpN
i (

m
g/

L)
 

 

 

 
 
Figure 5. Concentrations of nickel (Ni) in tissues of benthic fish. 
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Figure 6. Concentrations of iron (Fe) in tissues of benthic fish. 

 
 
 

Cu, Zn, nickel (Ni) and iron (Fe) detected in the gills, 
muscles, bones and intestines of different tissues of three 
fish species collected from Kiri Dam in Guyuk local 
government  area of  Adamawa state. The concentrations 

of Cu and Ni were below the limits of detection in all 
samples. The levels of Cu and Ni found in the fish 
species were below the permissible limits (Cu 3.0 mg/kg, 
Ni 0.9 mg/kg,   Pb. 2 mg/kg,  Cd 0.2 mg/kg,  Fe 4.5 mg/kg 
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and Zn 10 mg/kg) proposed by World Health organisation 
(WHO, 1996). The result of this study reveals that Cu and 
Ni do not present any health risk to the consumers of 
these fish species in the catchment.  

Pb was detected in the gills (0.85 mg/L), intestine (0.81 
mg/L) and bones (0.661 mg/L) of catfish at higher 
concentration and was found in the gills, muscles, bones 
and intestines of African carp and lungfish at lower 
concentration. The distribution of Pb in the organs of the 
fish species follows the order: gills > intestines > bones > 
muscles for catfish (C. laticeps).  

Pb is a natural element in the marine eco-system. It is 
present at low concentrations in clean seawater, sedi-
ments and tissue of marine plants and animals. Although, 
fish bio-accumulates Pb from seawater in proportion to its 
concentration in solution, Pb is not very bioavailable or 
toxic to marine animals (Dalman et al., 2006).  

The studies of some authors indicated different concen-
trations of heavy metals in different fish species. The 
heavy metal concentrations in the fish were attributed to 
chemical characteristics of water from which fish were 
sampled, ecological differences, metabolism and feeding 
patterns of fish (Al-Saleh and Shinwari, 2002; Ozturk et 
al., 2009; Yilmaz, 2003). In rivers, fish are often at the top 
of the food chain and have the tendency to concentrate 
heavy metals from water (Mansour and Sidky, 2002). 
Therefore, bioaccumulation of metals in fish can be 
considered as an index of metal pollution in aquatic 
ecosystems (Forstner and Wittmann, 1981; Jimoh et al,, 
2004; Karadede and Unlu, 2007). That could be a useful 
tool to study the biological role of metals present at 
higher concentration in fish (Dural et al., 2007). 

Cu and Cd were recorded in all the fish species in the 
samples at lower concentration though it is more 
pronounced in the gills and bones of lungfish. This is 
because of the essential nature of Cu in the growth and 
development of bones. Cu and Cd are essential elements 
and are carefully regulated by physiological mechanisms 
in most organisms. Many studies have demonstrated that 
diet is the most important route of Cu accumulation in 
aquatic animals (Sindayigaya et al., 1994). 

Zn was also found present in all the fish samples 
collected from the dam. The highest concentration of Zn 
was detected in the gills, muscles, intestines and bones 
of catfish and lungfish. Just like Fe, it was more pro-
nounced in the muscles of lungfish which could be due to 
its ability to survive in muddy water or mud sediment with 
heavy metal pollutant for a given long period and thus, 
polluting the body of this fish.  

This result also confirmed the alarming effect of this 
fish on human health when compared to the world 
standard (0.1 mg/L). The lowest concentration of Zn was 
recorded in the gills, muscles, bones and intestines of 
African carp. The distribution of Zn in the organs of the 
fish species follows the order: muscles > gills > intestines 
> bones for lungfish and catfish. This result agrees with 
the work of Milam and Onyia (2007), that Clarias (gills) 
had  the  highest  level  of  Zn  in  Lake  Geriyo  in Adamawa  

 
 
 
 
State, Nigeria. In the same work, it was discovered that 
tilapia (gills) had the highest Zn level among pelagic 
fishes in Lake Geriyo in Nigeria. 

Ni was detected at quite low concentration in the 
samples collected from the Kiri Dam. The analyses for 
this metal in some samples were below instrument 
detection (0.006, 0.008 and 0.0085 mg/L). The lowest 
concentration of Ni was recorded in catfish and African 
carp while the highest concentration was recorded in 
lungfish. No concentration was recorded in the bone of 
catfish, muscles and bone of African carp which is due to 
low deposition of Ni in the environment. These results 
were lower than what Adeyeye and Ayoola (2010) ob-
tained from Ikosi Dam Ogbomoso, Nigeria. 

Ni normally occurs at very low levels in the environ-
ment. The average concentration of Ni is usually less 
than 10 ppb in rivers and lakes; while soil concentrations 
are usually 80 ppm (FAO, 1983). Massey (1972) 
proposed that exposing rock strata to weathering and 
erosion results in higher concentration of Ni in receiving 
streams. Nil may be present generally in the soil around 
the river and as much is leached into the water time after. 
This could be the reason for the presence of Ni in Kiri 
Dam and as found in its fish. 

In summary, the concentration of heavy metals 
increases in the following order: Fe>Zn>Pb>Cu>Cd>Ni.  
 
 

Conclusion 
 

This study shows that Pb, Cd, Cu, Zn, Ni and Fe are 
present in all fish species collected from Kiri Dam in 
Guyuk local government area of Adamawa State. It was 
discovered that the gills of fish contained higher concen-
tration of heavy metals compared to their muscles (flesh). 
Thus, it is therefore advisable not to consume the gills of 
fish so as to reduce the risk of heavy metals consumption 
from contaminated fish.  

Lungfish which is the least available fish was observed 
to have the highest concentrations of heavy metals 
especially in their muscles. This may likely be due to their 
ability to survive in muddy water or dwell in sediment for 
a particular period of time (that is, during the dry season). 
For the time being, if there is an option to buy fresh fish, 
for consumption, in all the species analyzed in this study 
area, lungfish should be the last option. 
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