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Abstract: An investigation on the bioaccumulation of Hg, As and Cu in Clarias gariepinus and Oreochromis niloticus from river
Kaduna was conducted. Sampling was done at seven different locations along the river. Muscle and liver tissues were collected from
each of the fish species and analyzed for heavy metal concentration using atomic absorption spectroscopy. Water samples were also
analyzed for these heavy metals using the same technique. Results reveal that the river is contaminated with these heavy metals. The
liver had higher levels of Hg, As and Cu than the muscle tissue. Furthermore, C. gariepinus was a better bioaccumulator than O.
niloticus. Mercury level was above permissible limits in both fish species while As was above maximum limit only in O. niloticus.
Therefore, C. gariepinus and O. niloticus from river Kaduna are unsafe for human consumption. Hence, there is an urgent need to

regulate contamination of River Kaduna.
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1. Introduction

There is increased global concern on the high rate of
discharge of heavy metals into fresh water ecosystems due to
industrial and agricultural activities [1] [2]. This is due to
their  persistence,  toxicity,  bioaccumulation  and
biomagnification in the food chain [3]. Fish are good
bioaccumulators of heavy metals hence; they are considered
one of the key indicators of heavy metal pollution of
freshwater systems [4]. Poor management of wastes
containing heavy metals generated from various
anthropogenic activities is a key reason for the rapid
decrease in biodiversity of aquatic ecosystems in various
parts of the world. This is severe in developing countries
such as Nigeria and significantly contributes to the perceived
short life expectancy of people in these regions [5].

Many factories in Nigeria are located on river banks and
discharge their effluents into these aquatic environments. A
significant proportion of the Nigerian populations still rely
on this surface water for drinking, washing, fishing and
swimming. River Kaduna (Figure 1) is one of the most
polluted inland waters in Nigeria because it serves as a sink
for all industrial effluents in Kaduna city [5]. It receives
about 500,000 cubic meters of untreated effluent per day
from various industries through 53 tributaries [6]. The
current demand for fish food in Nigeria is estimated at little
over 1 million tons per annum as against a supply of about
800,000 tons per annum [5]. Heavy metals accumulation in
fish causes structural lesions, functional disturbances,
physiological and chemical changes that can result into their
death and could cause severe heavy metal toxicity and
sometimes death of human consumers [7] [8]. Two
commonly found fish species in river Kaduna are Clarias
gariepinus and Oreochromis niloticus.
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Figure 1: Map of River Kaduna showing sampling points
and sources of contaminants

Clarias gariepinus is found in most parts of the African
continent and it is probably the most widely distributed fish
in Africa. C. gariepinus is widely tolerant of many different
habitats, even the upper reaches of estuaries, but is
considered to be a freshwater species. It favors floodplains,
slow flowing rivers, lakes and dams [9]. It can tolerate
waters high in turbidity and low in dissolved oxygen, and is
often the last or only fish species found in remnant pools of
drying rivers [10] [11]. Oreochromis niloticus is native to
central and North Africa and the Middle East [12]. It is a
tropical freshwater and estuarine species. It prefers shallow,
still waters on the edge of lakes and wide rivers with
sufficient vegetation [13]. The aim of this research was to
assess the level of mercury, arsenic and copper in Clarias
gariepinus and Oreochromis niloticus as indicators of
contamination of river Kaduna.

2. Materials and Methods

2.1 Sample Collection and Analytical Procedure
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Water and fish samples were collected from river Kaduna at
seven sampling locations (Malali, Anguwan Rimi, Makera,
Nassarawa, Kudandan, Anguwan Mu’azu, and Kabala West)
as shown in Figure 1. After which, 50 ml of thoroughly
shaken water sample was measured accurately into a beaker
and digested with 5 ml of conc. HNOs; The solution was
allowed to cool again then filtered with 125 mm filter paper
into 100 ml standard flasks and made to the mark with de-
ionized water.

Fish samples were dissected and the muscle and liver were
collected and washed with deionized water and sun dried for
a week. Thereafter, dried in the oven for 3 hours at 80°. Fish
samples (muscle and liver) weighing 2-10 g were transferred
into 50 ml quartz crucible and dried in an oven at 120 °C.
One gram of the dried sample was placed in a muffle furnace
and ashed in a quartz crucible over night at temperature of
450 °C. The next day, the sample was removed from the
furnace and cooled to room temperature, and then 1ml of
concentrated nitric acid was added and dried on a hot plate.
The sample was placed in a muffle furnace for the second
time and the temperature was raised to 450 °C and kept for
about 1 hour, until the ash became carbon free. The sample
was removed from the muffle furnace and cooled at room
temperature, and the ash was dissolved in 20 ml of 1 N
hydrochloric acid and heated on a hot plate to further make
the metals soluble. The residue obtained was dissolved in 50
ml de-ionized water, and filter into a 100 ml volumetric flask
and made up to the mark with de-ionized water.
Concentration of mercury, arsenic and copper in samples
were determined in triplicates using atomic absorption
spectroscopy (Thermo scientific iCE 3000 series AA
spectrometers were used). Concentration each heavy metal
was expressed in mg/kg dry weight.

2.2 Data Analysis

Data obtained were subjected to analysis of variance using
SPSS software. Mean separation was done using least
significant difference.

3. Results and Discussion

Results reveal that for each fish species analyzed there was
no significant difference in the concentration of mercury
(Figure 2) and arsenic (Figure 6) in the muscle and in the
liver. This could be to the fact that in each of these two fish
species the muscle and the liver contain similar amount of
metallothioneins  specific to these heavy metals.
Metallothioneins are metal binding proteins which play
important role in metal homeostasis and protection against
heavy metal toxicity [2]. Das et al. [14] reported that
metallothioneins play a key role in homeostasis of Cu and
Zn. A significant relationship was obtained between
metallothionein and hepatic Zn levels in selected fish
samples [15]. On the contrary; concentration of Cu in the
muscle and in the liver varies significantly only in C.
gariepinus. Mean values obtained were: 37.74 mg/kg dry
weight, 60.23 mg/kg dry weight (muscle and liver
respectively of C. gariepinus) as shown in Figure 10. The
liver accumulated more copper (32.13 mg/kg dry weight)
than the muscle (21.34 mg/kg dry weight) as shown in
Figure 12 signifying higher level of Cu-specific

metallothioneins in the former than the latter. This shows
that bioaccumulation of Cu in C. gariepinus is tissue
dependent. Akan et al. [16] reported that a significant
variation in bioaccumulation of some heavy metals within
each fish species analyzed occurred.

O. niloticus has higher affinity for Hg than C. gariepinus as
shown by the over-all mean concentration (25.61 mg/kg dry
weight and 17.79 mg/kg dry weight for O. niloticus and C.
gariepinus respectively) in Figure 3. Both fish species had
bioaccumulation factor (BAF) of more than 1 for Hg. But O.
niloticus had higher BAF for Hg than C. gariepinus (Figure
5). C. gariepinus accumulated more arsenic (0.70 mg/kg dry
weight) than O. niloticus (0.47 mg/kg dry weight) as shown
in Figure 7. The over-all mean concentration of copper in C.
gariepinus (48.99 mg/kg dry weight) was significantly
higher (P < 0.05) than in O. niloticus (4.48 mg/kg dry
weight) as shown in Figure 11. BAF values for arsenic
(Figure 9) and copper (Figure 13) were above 1. C.
gariepinus had higher BAF than O. niloticus for both arsenic
and copper. The observed variability of Hg, As, and Cu
concentrations in these fish species must be seen in the wide
perspective of factors such as habitat, seasonal variations,
and individual affinity for metal uptake. Differences in life
history patterns that influence exposure (including trophic
levels and geographic distribution of life stages) are possible
explanations for the variation observed in Hg, As, and Cu
concentration in the two fish species. It is pertinent to
mention that the over-all mean concentration of Hg in both
fish species exceeded the maximum levels recommended by
Codex alimentarius commission [17] which is < 0.5 mg/kg.
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Figure 2: Concentration of mercury (mg/Kg dry weight) in
different tissues of two fresh water fish species from Kaduna.
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Figure 3: Concentration of Mercury in two fresh water fish
species from Kaduna.
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Figure 4: Concentration of mercury in different tissues of
two fresh water fish species from Kaduna.
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Figure 5: Bioaccumulation factor for mercury of two fresh
water fish species from Kaduna.

Therefore it is unsafe for human consumption. Excessive
exposure to Hg is associated with damage to the central
nervous system (neurotoxicity) and the kidney [18].
Concentration of As was within permissible limits in both
fish species according to Australia New Zealand food
standards code [19] which is 2 mg/kg. According to FAO
[20] maximum limit for Cu is 30 mg/kg. This value was
exceeded only in C. gariepinus making it unsafe for human
consumption.
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Figure 6: Concentration of arsenic (mg/Kg dry weight) in
different tissues of two fresh water fish species from Kaduna
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Figure 7: Concentration of arsenic in two fresh water fish
species from Kaduna.
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Figure 8: Concentration of arsenic in different tissues of two
fresh water fish species from Kaduna.
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Figure 9: Bioaccumulation factor for arsenic of two fresh
water fish species from Kaduna.

Copper in the blood exists in two forms: bound
to ceruloplasmin (85-95%), and the rest "free", loosely
bound to albumin and small molecules. Free copper causes
toxicity, due to its ability to generate reactive oxygen
species such  as superoxide, hydrogen  peroxide, and
the hydroxyl radical. These damage proteins, lipids and DNA
[21].
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Figure 10: Concentration of copper (mg/Kg dry weight) in
different tissues of two fresh water fish species from Kaduna.
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Figure 11: Concentration of copper in two fresh water fish
species from Kaduna.
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Figure 12: Concentration of copper in different tissues of
two fresh water fish species from Kaduna

Results show that the over-all mean concentration of each of
the heavy metal (Hg, As, and Cu) in the liver is significantly
higher than in the muscle as shown in Figure 4,8 and 12.
Reason being that the liver is the main tissue for metabolism
of xenobiotics. Hence, it should have higher level of
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metallothioneins than the muscle. Papagiannis et al., [2]
reported that the liver accumulated more copper and zinc
than the muscle in the four fresh water species analyzed.
Kaoud and El-Dahshan [22] reported that the liver of O.
niloticus obtained from river Nile accumulated amount of Cu
than the muscle. Ekpo et al. [7] reported that gills and liver
of selected fish species contained the highest concentration
of the studied heavy metals, while muscles appeared to be
the last preferred site for the bioaccumulation of heavy
metals. The presence of high levels of Hg, As, and Cu in C.
gariepinus and O. niloticus shows that river Kaduna is highly
contaminated with these heavy metals. This is not surprising
because farmlands and industries are cited close to the river
(Figure 1). Run-off from farmlands could be a contributing
factor to the pollution of this river due to application of
inorganic fertilizers, pesticides and herbicides.
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Figure 13: Bioaccumulation factor for copper of two fresh
water fish species from Kaduna.

Improper discharge of industrial wastes could also one of the
major causes of pollution of river Kaduna [5]. One of the
ways to circumvent this challenge is by judicious use of
chemicals on farmlands which can be achieved by using
more of organic materials (organic manure, organic
pesticides, biological control of pests and diseases, cultural
practices in weed control) and proper industrial wastes
management.

4. Conclusion

This research has established that River Kaduna is polluted
with Hg, As, and Cu. C. gariepinus and O. niloticus contain
Hg and Cu (only C. gariepinus) at levels above permissible
limits hence, are unsafe for human use. Both fish species are
good bioaccumulators of these heavy metals however, C.
gariepinus is a better than O. niloticus. Furthermore the liver
accumulated these heavy metals more than the muscle.
Therefore, there is an urgent need for development and
implementation of policies to reduce the pollution of river
Kaduna for the good wellbeing of consumers of these two
fish species.

5. Future Studies

Future research will focus on the effect of these heavy metals
on consumers of the fish species. Also, relationship between
these heavy metals and metallothionein levels will be
investigated.
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