Journal of

lzuchukwu Ujah et al., J Environ Anal Toxicol 2017, 7:5
DOI: 10.4172/2161-0525.1000507

Environmental & Analytical Toxicology

Research Article Open Access

Determination of Heavy Metals in Fish Tissues, Water and Sediment from the
Onitsha Segment of the River Niger Anambra State Nigeria

lzuchukwu Ujah I*, Okeke DO and Okpashi VE

Department of Medical Biochemistry, Efab International School, University of Nigeria, Nsukka, Nigeria

-

Abstract

significant at p<0.05.

The gills, flesh, intestines and skins of fish from Onitsha segment of River were carefully, dissected from the fish
samples. Water and sediment samples were equally collected from two sites for heavy metal determination using
Atomic Absorption Spectrophotometer (AAS 220 FS). The highest concentration detectable was in the sediment sample
followed by the concentrations in the fish samples. Iron concentration detected was highest followed by lead with
antimony and cadmium mostly undetectable. Variations in the parameters determined were found to be statistically
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Introduction

Environmental pollution is a worldwide problem, with heavy
metals pollution becoming largely prevalent [1]. Heavy metals are those
metallic elements with relative atomic masses higher than iron [2]. As
major pollutants they have the tendency to accumulate almost in a non-
biodegradable form in water, sediments and organisms such as fish with
some toxic effects [3]. Heavy metal pollution results from progress in
industries, urbanization, as well as commercial activities. Sources of
environmental heavy metals include emissions from industry, waste
incinerators, dumpsites, purification of metals, electronics, cosmetics
and various other sources [4]. These metals find their way into water
bodies either through direct disposal into water, emission into the water
bodies, tidal current flood, or via water flow processes [5]. In addition
to heavy metals, large amounts of organic materials are released into
water bodies and may be broken down by bacterial activities resulting
in reduction of oxygen level or anaerobic conditions in the variety
of the effluents [6]. All over the world, rivers and sea bodies end up
as receptacle for chemicals, organic and heavy metal pollutants. This
is mainly because most industries and factories are located near the
bank of the river (WHO/UNEP). This has resulted in several cases
of pollution in aquatic environments [7,8]. Typical instances of river
pollution in Nigeria have been reported: Challawa River in Kano [9],
pollution of Calabar river [10], pollution in Aba river [11] and a lot
of others. The concentration of heavy metals in cases of river pollution
depends on annual and seasonal fluctuations. River Niger is the third
largest river in the world stretching 2,610 miles (4200 km) from Guinea
through Mali and into Nigeria [12]. It harbours about 250 species of
fish [13]. River Niger serves as veritable source of large quantity of fish
production for human consumption. Fish is highly valued for food and
it contains a balanced level of amino acids, vitamin B12, cholesterol,
high polyunsaturated fatty acids and accounts for about 40% of animal
protein in the diet of Nigerians [14]. Fish have been noted for their
notorious ability to concentrate heavy metals in their muscles and other
part of their body [15].

Accumulated of heavy metals in organisms such as plankton can
be transferred to fish, and from the fish to scavenger birds and man
which are higher in the food chain [16]. This leads to a progressive
increase in the concentration of a substance in the food chain
(biomagnifications) more intake of liquid than its excretion from an
organism (bioconcentration) [17]. Heavy metals are associated with
so many health risks and the effect such as nausea, diarrhoea, cancer,

effects on haemoglobin synthesis etc., the health effects depend on the
heavy metal in question, the route of exposure, duration of exposure;
the age of the individual exposed and the dosage during exposure.

Measurement of heavy metals in river is important because it is
the route through which metals are flushed from large area of land
into oceans [18]. It is also important because inside the water, these
heavy metals get into other organism such as fish which is consumed
by man. This measurement which will give an indication of pollution
can be done using water, sediment or some organisms such as fish
[19]. Earlier studies have shown that sediments have higher levels of
heavy metals than the water which shows that heavy sediments act as
a sink for heavy metals [20,21]. Studies carried out in Lagos lagoon
revealed a higher value in the whole body of fish as well as different
part than the water sample [22]. The results obtained from this study
will give an indication of the level of pollution by heavy metal at the
Onitsha segment of the river Niger. The Onitsha segment of the River
Niger is surrounded by a lot of commercial and industrial activities.
These industrial and commercial activities generate all forms of wastes
including heavy metals which are readily disposed into the River Niger.
In the river these heavy metals may settle in the sediment where they
become available to the burrowing organisms that settle in sediments.
These wastes which include heavy metals may also dissolve in the water
or become bioavailable to aquatic inhabitants such as fishes. These
benthic organisms such as snails and other aquatic organisms such as
fish are consumed by man. The heavy metals that have accumulated
in fish or other aquatic organisms, or dissolved in water thus become
indirectly introduced into man either through the use of the water
or the consumption of the aquatic organisms. These heavy metals
have been associated with so many health problems such as cancer,
neuropsychological problems, kidney problems and other numerous
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health problems. Thus, it is highly necessary to determine the level
of these heavy metals present in the water, sediment and the aquatic
organisms to ascertain the impact of the industrial, commercial, and
human activities on the environment and then the possible health
consequences on man.

Materials and Methods

The fish samples were collected using cast nets which were thrown
by the fisher men and withdrawn by the means of line attached to its
opening. The fish caught by the net were collected, washed, weighed
and preserved in refrigerators for a day before analysis. The sediment
and water samples were collected from marina area Onitsha with bowl
and kept inside a metal free stopper bottle. The fishes were brought out
and the gills, intestines, flesh and skin extracted with the aid of a knife.
These extracted parts were then subjected to digestion. The fish parts
(gills, intestines, flesh, and skin) or soil sediments were dried at 70°C
for 24 hours. The dried samples were then ground in homogenizer.
The crucibles and the caps were washed in 10% HNO, and ashed at
750°C for 2 hours in a muffle furnace. The dried samples were weighed
into the crucibles and ash was then scraped into vials and the crucibles
rinsed with 10 ml acid with the aid of a repippetor. The vials were
then capped and shaken thoroughly. The extract was diluted to 1 L
with distilled water and the diluted extract was measured by atomic
absorption spectrophotometer spectra AA model number 220FS.

Discussion and Conclusion

The concentrations of heavy metals determined in the samples
are presented in Tables 1-3. Lead, copper and iron were detectable in
the sediment while antimony and cadmium were not detectable. The
concentration of iron is higher in the sediment than its concentration
in the fish and water samples. The high content of iron in the sediment
may be due to clayey material that may form the river bed. It may
also be due to human activities such as the discharge of untreated
sewage that contain iron as well as the ability of the sediment to act
as a sink [21]. Furthermore, it has been reported that iron occurs in
high concentrations in Nigerian soils. High concentrations of iron in
the sediment had been reported by [22], who had carried out similar
research in Lagos lagoon. In the sediment Pb and Cu were also detected
while of antimony and cadmium was not detectable.

In the parts of the fish and for all fish analysed, the concentration
of lead ranged from 0.313 + 0.093-0.539 + 0.235 mgkg, while the
concentration of copper ranged from 0.007 + 0.002-0.010 + 0.001 mgkg"

Lead Copper Iron Cadmium | Antimony
Site 1 10.056 + 0.002 0.002 +0.032 0.153 £0.150 | n.d + 0.000 'n.d + 0.000
Site 2 |0.050 + 0.001 0.001 +£0.004 0.150 +0.142 | n.d £ 0.000 'n.d + 0.000

Table 1: Heavy metals concentrations in water from River Niger.

Lead Copper Iron Cadmium | Antimony
Site 1/0.566 + 0.002  0.003 + 0.007 | 1.727 £ 0.005 n.d £ 0.000 | n.d +0.000
Site 2/ 0.560 + 0.002  0.002 + 0.007 | 1.721 £ 0.006 n.d +0.000 | n.d +0.000

Table 2: Heavy metals concentration in sediment from River Niger.

Heavy Metals Gills Intestines Skin Flesh
Lead 0.471+0.322  0.313+0.093 | 0.429 +0.281 | 0.539 +0.235
Copper 0.009 + 0.001 | 0.010 + 0.001 | 0.007 + 0.003 | 0.007 +0.002
Iron 0.629 £ 0.566 = 1.149 + 1.988 | 0.193 £ 0.078 | 0.221 £ 0.072
Cadmium 0.001 + 0.003 | 0.000 + 0.001 | 0.003 + 0.007 | 0.004 +0.002
Antimony 0.027 + 0.065 | 0.000 + 0.000 | 0.000 +0.000 | 0.130 +0.142

Table 3: Heavy metals concentrations in fish samples from River Niger.

"with the concentration being more in the gills and intestines than
other parts of the fish. The concentration of iron ranged from 0.221
+ 0.072-1.149 + 1.988 mgkg” with the highest concentration in the
intestines. The concentrations of cadmium ranged from 0.000 + 0.001-
0.004 + 0.002 mgkg"' and antimony ranged from 0.000 + 0.000- 0.130
+ 0.142 mgkg™'. The low concentrations of cadmium and antimony in
the fish samples analysed may be due to non-discharge materials rich in
cadmium and antimony into the River Niger. Most of the heavy metals
surveyed were detectable in the skins of all the fishes assayed. The skin
of the fish serves as point of contact/exposure and as well as the point
of excretion and/or depuration. The gills and the intestines of the fish
generally had higher concentrations of heavy metals compared to the
flesh and skins of the fish. The gills are considered the dominant site
for contaminants uptake because of their anatomical and physiological
property that maximize absorption from water [23]. Furthermore, the
accumulation of chemicals in fish occurs through the membrane and
by ingestion, during this process; metals could be retained in the gills.
The high concentrations of the heavy metals in the intestines may be
due to its role as ultimate depository. High concentrations of metals in
the digestive tracts of fish [24-26]. In general, metals have been shown
to have affinity for certain organs of the fish. There existed difference in
the concentrations of heavy metals accumulated by the various fishes.
These differences may be due to the feeding habits of the fish as well
as age and the size of the fish [27]. In the fish the order of decrease in
concentration is Fe>Pb>Cu>Sb>Cd. This order may be due to varying
environmental sources.

Antimony and cadmium were not detectable in the water and
the sediment samples, iron being highest in concentration in both
the water and sample. The high concentration of iron is may be due
to high environmental source. The order of decrease of concentration
is as follow, Fe>Pb>Cu; cadmium and antimony were not detectable.
The concentrations of lead in all the fish samples exceeded the UNEP
[28] limit of 0.3 mgkg' and IAEA-407 limit of 0.12 mgkg". In the
sediment, the concentration of lead was below the ANZECC (2000)
recommended level of 50 mgkg! and [29] NOOA probable effect
concentration of 128 mgkg™. In the water sample, the concentration
of lead was above the WHO and EPA [30,31] limit of 0.05 mgkg. The
concentration of copper in all the fish samples is below the JAEA-407
recommended level of 3.8 mgkg. In the sediment, the concentration of
copper was below the ANZECC [32] limit of 65 mgkg™ and NOOA [29]
probable effect concentration of 149.0 mgkg™. In the water sample, the
concentration of copper is within the WHO [30] and EPA [31] limit of
2 mgkg' and 1.3 mgkg™ respectively. In the fish, the entire fish samples
are within the TAEA-407 recommended level of 146 mgkg™’ of iron.
In the sediments, the concentration of iron is also below the NOOA
[29] lowest effect level of 2%. In the water sample, the concentration
of iron was above the WHO [30] and EPA [31] limit of 0.01 mgkg™
and 0.3 mgkg™ respectively. Cadmium and antimony were within the
recommended levels in all the samples as they were not detectable.
Thus, the concentrations of the all the heavy metals in the fish samples
except lead were within the tolerable levels in the samples. Lead has
been associated with many health effects in man including cancer;
therefore, its concentration above the recommended level poses a
danger to the aquatic organisms as well humans. Also since there are
cumulative effects of these heavy metals, their concentration may rise
to a level which will become toxic both to the aquatic organisms and
man with unabated generation and disposal of heavy metal-containing
wastes into the River Niger Onitsha segment. Thus, there is the need for
regular and consistent evaluation of the heavy metal concentration of
River Niger over time.

J Environ Anal Toxicol, an open access journal
ISSN: 2161-0525

Volume 7 « Issue 5 « 1000507



Citation: Izuchukwu Ujah I, Okeke DO, Okpashi VE (2017) Determination of Heavy Metals in Fish Tissues, Water and Sediment from the Onitsha
Segment of the River Niger Anambra State Nigeria. J Environ Anal Toxicol 7: 507. doi: 10.4172/2161-0525.1000507

Page 3 of 3

Conclusions

The study revealed the contamination/pollution of River Niger, its

sediment and fish by the heavy metals surveyed. These contaminations
could be attributed to the industrial and commercial activities which
generates wastes including heavy metals which are readily disposed
into the Onitsha segment of the River Niger. Furthermore, the results
also showed the accumulation of heavy metals in certain tissues of the
fishes especially the gills and intestines.
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