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Abstract

Kidney failure has become a growing problem at Hadejia Emirates over the last decade. This
can be attributed to water pollution, possibly due to heavy metal contamination of River Hadejia
that affects organisms living in it, such as fish. This study is aimed to determine the
concentration of heavy metals (As, Cd, Cr, Pb) in two fish muscles. The research was conducted
on tilapia and catfish where two samples of both fishes were used. The fish tissues were cut
and oven-dried at 110 °C, and then a motor and pestle were used to powder the dried fish
sample. A wet digestion method was used based on the analytical methods for Atomic
Absorption Spectrometry (AAS). The result obtained shows that the concentrations of heavy
metals (Cr, Cd, As and Pb) in both fishes were found to be 0.3220 + 0.0028; 0.1656 + 0.002
(mg/kg), 0.0319 £ 0.0018; 0.0333 + 0.0018 (Mg/kg), 0.0697 + 0.0011; 0.1035 £ 0.0015
(mg/kg) and 1.008 = 0.0035; 0.600 + 0.002 (mg/kg) respectively. The mean concentation
value of the two samples of both tilapia and catfish were found to be above WHO standard
limit except for cadmium in tilapia which is below WHO standard limit.

Keywords: Fish tissues; Tilapia; Catfish; Hadejia River; AAS.

I. INTRODUCTION

eavy metals are naturally occurring elements that have a

high atomic weight and a density at least five times
greater than that of water. Their multiple industrial, domestic,
agricultural, medical, and technological applications have led
to their wide distribution in the environment, raising concerns
over their potential effects on human health and the
environment. Their toxicity depends on several factors
including the dose, route of exposure, and chemical species,
as well as the age, gender, genetics, and nutritional status of
exposed individuals. Because of their high degree of toxicity,
arsenic, cadmium, chromium, lead, and mercury rank among
the priority metals that are of public health significance [1].
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Fish is considered one of the most significant indicators of
metal pollution in the aquatic environment [2]. Fish may
absorb dissolved elements and heavy metals from surrounding
water and food. When fish are exposed to heavy metals in an
aquatic ecosystem, they tend to take these metals up which
may accumulate in various tissues in significant amounts and
are eliciting toxicological effects at critical targets [3]. Some
edible species of fish have been widely investigated for the
hazardous effects of heavy metals on human health [4]. Such
as copper, iron, chromium and nickel are essential metals
since they play an important role in biological systems,
whereas cadmium and lead are non-essential metals, as they
are toxic, even in trace amounts [5]. Some metals, including
chromium, lead, cadmium, arsenic and mercury are known to
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be highly toxic to humans and aquatic life, causing liver and
kidney problems in addition to genotoxic carcinogens [6].

Heavy metals enter the human body through several
pathways such as the food chain, direct ingestion, dermal
contact, fume inhalation, and particles through the mouth and
nose. Therefore, in surface water environments ingestion and
dermal absorption are the main routes of exposure [7].
Measurement of heavy metals in rivers is important because it
is the route through which metals are flushed from large areas
of land into oceans. It is also important because, inside the
water, these heavy metals get into other organisms such as fish
which are consumed by humans [8].

The toxic effects of these elements include health issues
such as abdominal pain, high blood pressure, kidney damage
and eventually failure, irritability, skeletal harm and
degradation, cancer, nerve damage, headaches, and its
consequences on the intellectual system. These specific
effects, however, depend on the type of contaminant, its
concentration and the cause and span of contact [9]. Although
most of these elements are carcinogenic, they adopt diverse
pathways and only affect certain organs and systems. Arsenic
is believed by the World Health Organization (WHO) to be
amongst the worst cancer-causing components present
extensively in the environment and food and has many other
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adverse health effects including skin lesions, neurological
problems, circulatory malfunction, diabetes, hepatic and renal
syndromes, respiratory complications, several types of cancer
including leukaemia, problems with male and female fertility,
and mortality as a consequence of chronic diseases [10].

II. MATERIALS AND METHOD
A. Description of the Study Area

Hadejia is a Hausa town in eastern Jigawa State, northern
Nigeria. Hadejia lies between latitude 12.4506 N and
longitude 10.0404 E. It shares a boundary with Kirikasamma
Local Government from the East, Mallam Madori Local
Government from the North, and Auyo Local Government
from the West. The town lies to the north of the Hadejia River
and is upstream from the Hadejia-Nguru wetlands [11].

The Hadejia River is a river in northern Nigeria and is a
tributary of the Yobe River (Komadugu Yobe). Among the
cities and towns that lie on or near its banks are Hadejia and
Nguru. Damming of the river for irrigation has led to a
decrease in the amount of water in the Hadejia-Nguru
wetlands, which the river forms along with Nguru Lake. The
Hadejia River is now 80% controlled by the Tiga and
Challawa Gorge dams in Kano State [12].
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Fig. 1 Map of the Study Area [13]

B. Fish Sample Collection

The fish samples were collected (bought) at the river bank
after a fisherman had caught them using a fishing net. The fish
were caught alive and placed in a transparent container after
fetching some water from the River. This is required to keep
the fish alive before taking it to the laboratory for digestion.

C. Fish Sample Digestion

The muscle tissue of the fish (dorsal muscle) was used in
this study because it is the major target tissue for metal storage
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and is the most edible part of the fish. The scales, fins and head
were removed. The fish tissues were cut and oven-dried at
110 °C to a constant weight, thereafter the motor and pestle
were used to powder the dried sample of fish.

A wet digestion method was used based on the analytical
methods for Atomic Absorption Spectrometry (AAS). 5 g dry
weight sample was put into a 50 mL beaker with 5 mL of
HNO; and 5 mL H,SOs. When the fish tissues stopped
reacting with HNOj3; and H,SO4, the beaker was then placed on
a hot plate and heated at 60 °C for 30 minutes. After allowing
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the beaker to cool, 10 mL of HNO; was then added and
replaced to the hot plate and heated slowly to 100 °C until the
sample turned black. After the sample turned black (for
tilapia), then the beaker was removed from the hot plate and
allowed to cool before adding some water until the sample was
clear. The content of the beaker was then transferred into a 50
mL volumetric flask and diluted with ultra-pure water
(deionized water). A fume hood was used for the safety of the
sample digestion.

III. RESULT AND DISCUSSION

The average mean concentrations of heavy metals present
in the Tilapia Fish Sample are presented in Table I, and also
the result for the World Health Organization (WHO) Standard
Limit in mg/kg. The concentration of heavy metals in the
Tilapia fish samples is above the standard limit of the World
Health Organization. Table I revealed the average mean
concentration of arsenic (As) as 0.0697 + 0.0011 (mg/kg)
which is above the standard limit of the World Health
Organization of 0.0015. Similarly, Cadmium (Cd), Chromium
(Cr) and lead (Pb) were 0.0319 £0.0018, 0.3220 £ 0.0028 and
1.0080 £ 0.0035 (mg/kg) respectively. This vividly indicates
that Tilapia fish obtained from the study area are contaminated
with these heavy metals. It was reported by [ 14] that, exposure
to a very high level of lead (Pb) over a short period resulted in
tiredness, constipation, irritability, loss of appetite, headache
and memory loss. Furthermore, research by [15] revealed that
Arsenic (As) contamination in organic form (seafood) is less
harmful than in inorganic form. Though long term exposure
resulted in skin, lung and bladder cancer and kidney failure.

Table I. Mean Concentration of the Heavy Metals in Tilapia
Fish Sample with WHO Standard Limit in mg/kg.

Heavy metals Sample A Sample B Mean value WHO standard

(mg/kg) (mg) (mg) (mg/kg) limit (mg/kg)
Arsenic (As) 0.0714 + 0.0014 0.0679 + 0.0007 0.0697 + 0.0011 0.0015
Cadmium (Cd)  0.0301 + 0.0021 0.0336 + 0.0014 0.0319 + 0.0018 0.0100
Chromium (Cr)  0.3255 + 0.0035 0.3185 4 0.0021 0.3220 + 0.0028 0.0030
Lead (Pb) 1.0045 1 0.0035 1.0115+ 0.0035 1.0080 + 0.0035 0.0100

Fig. 2 presents the mean concentration of the Heavy Metals
in Tilapia Fish Samples compared with the World Health
Organization (WHO) Standard Limit in mg/kg.
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Fig. 2 Mean concentration of the Heavy Metals in Tilapia
Fish Samples compared with the World Health Organization

(WHO) Standard Limit in mg/kg.
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Similarly, Table II shows the average mean concentrations
of heavy metals present in the Catfish Sample, the result
revealed that the concentration of heavy metals is 0.1035 +
0.0015, 0.0333 = 0.0015, 0.1656 + 0.0023 and 0.600 = 0.002
for Arsenic (As), Cadmium (Cd), Chromium (Cr) and Lead
(Pb) respectively. The standard limit for the World Health
Organization (WHO) was set as 0.0015, 0.0100, 0.0030 and
0.0100 for Arsenic (As), Cadmium (Cd), Chromium (Cr) and
Lead (Pb) respectively. Cadmium (Cd) which is a by-product
of zinc production is one of the most toxic elements: when
exposed to it sufficiently retained in the human body and it is
very toxic to the kidney, particularly the proximal tubular
cells. Furthermore, Cd cause bone damage through bone
demineralization and renal dysfunction [16].

Table II. Mean Concentration of Heavy Metals in Catfish
Sample with WHO Standard limit.

Heavy Metals Sample A Sample B Mean value WHO Standard
(mg/kg) (mg/kg) (mg/kg) (mg/kg) limit (mg /kg)
Arsenic (As)  0.1110 + 0.0010 0.096 + 0.002 0.1035 + 0.0015 0.0015
Cadmium (Cd) 0.0265 £ 0.0015 0.040 + 0.002 0.0333 £ 0.0018 0.0100
Chromium (Cr) 0.1515 £+ 0.0025 0.180 4 0.002 0.1656 + 0.0023 0.0030
Lead (Pb) 0.6140 £ 0.0020 0.586 £ 0.002 0.6000 % 0.0020 0.0100
IV. CONCLUSION

This research was aimed at assessing heavy metal levels in
fish tissues along the Hadejia River. The results obtained
revealed the concentration of the selected heavy metals,
Arsenic (As), Cadmium (Cd), Chromium (Cr) and Lead (Pb)
in tilapia and catfish in River Hadejia to be above the World
Health Organization (WHO) standard limit except for the
concentration of cadmium in tilapia. These can cause serious
health risks to the people consuming these fish within the
location. The concentration in these fish was found to be in the
order, Pb>Cr>As>Cd. Therefore, there is a need for continual
assessment of the level of heavy metal pollution in fish from
the Hadejia River to reduce the level of pollution via
sensitization and education.
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