
INTRODUCTION

Many heavy metals such as lead (Pb), Zinc
(Zn), Manganese (Mn), Iron (Fe), Nickel (Ni) and
Copper (Cu) occur in nature in ore deposits1,2. These
metals are released through leaching and
weathering into the aquatic environment. Thus,
areas characterized by metal bearing formation are
expected to have elevated levels of metals in water
and sediment. If mining operations are carried out
in such areas, discharges and fallout from the
industry would lead to further pollution3,4. The
anthropogenic sources which have been reported
to cause elevated concentrations in the aquatic
environment include industrial and domestic
effluents; industrial processing of ores or metals
and the use of metals and metal components; metal
leachates from solid waste dump; metals from
agricultural lands due to use of fertilizers and
other agricultural chemicals and fossil fuel
combustion4-6.
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ABSTRACT

An investigation into the concentrations and distributions of lead, magnesium, zinc,
chromium, iron, manganese and copper in the soil sediment, river water and the organs of Clarias
gariepinus and Tilapia quineensis was undertaken with a view to evaluating the interplay of these
inorganic minerals in the various matrices. The fishes were of variable sizes while the organs
investigated in them were head, intestine, gills and flesh. The lead, magnesium, zinc, chromium,
iron, manganese and copper values were lower in fish organs than in the water and soil, thereby
showing a low level of bioconcentration. The trace metals determined were below the deleterious
level however there is a need for further monitoring.
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Sediments form the major repository of
heavy metals in aquatic systems, in some cases
holding over 90% of the total amount7 while
allochthonous and autochthonous influences could
make concentrations of heavy metals in the water
high enough to be of ecological significance.
Moreover biological magnification could lead to
toxic levels of these metals in fish, even when the
exposure is low. The proven toxicity of high
concentrations of heavy metals in water to fishery
and wild life poses the problem of an ultimate
disequilibrium in the natural ecological balance8.
Apart from destabilizing the ecosystem, the
accumulation of these toxic metals in the aquatic
food organisms is a potential threat to public health.
The Minamata Bay epidemics remains a classic
example9,10.

Evidence of potential and observed
human hazard due to environmentally acquired
heavy metals and their ecological impact have been



extensively studied and documented11-15. River
Tammah/Kwoto in Nasarawa town of Nasarawa
State, Nigeria had been in existence before the
settlement of the present dwellers. Water from this
river is being supplied to the public for various
purposes which include domestic, industrial and
agricultural purposes. Also fishes from the water
are being sold to the public for human consumption.
There has been no information concerning the
monitoring of the concentration of pollutants level
in the water, sediment and fish from this river vis-à-
vis heavy and toxic metals concentration
assessment. Therefore, this work is aimed to provide
information on the distribution and concentration
of some heavy metals in water, sediment and fish
from river Tammah/Kwoto while the data generated
will serve as baseline for further studies.

MATERIALS AND METHOD

Collection of samples
Representative water samples were taken

just below the water surface at three different
locations from the river using one litre acid leached
polythene bottle. The water samples were stored in
a deep freezer at – 18oC prior analysis. A diver was
used to take soil sediment samples from the surface
down to a depth of about 15cm at locations where
water samples were taken, stored in a polythene
bag which had been washed and leached
accordingly and kept in deep freezer prior analysis.
Two pieces each of fresh fishes (Clarias gariepinus
and Tilapia quineensis) were bought from
fishermen at the river site. The fishes were washed
with distilled deionised water to remove any
adhering contamination, drained under folds of filter
paper, weighed, measured, identified and wrapped
in aluminum foil and deep frozen at – 18oC.

All samples were collected at 6.00 hours
Green-Wich Mean Time or 7.00 local time while
temperature of the water was 28oC at the time of
collection.

Treatment of samples
5cm3 of concentrated hydrochloric acid

were added to 250cm3 of water sample and
evaporated to 25cm3. The concentrate was
transferred to 50cm3 standard flask and diluted to
the mark with distilled de-ionised water16. The soil

sample was air-dried, then sieved using 200mm
mesh. 5g of the soil sample was weighed into
150cm3 conical flask, digested using 15ml nitric acid,
2ml perchloric acid and placed on a hot plate for
3hours17. On cooling, the digest was filtered into
100ml volumetric flask and made up to mark with
distilled water. The fish samples were separated
into the head, intestine, gills and flesh. Different
body parts of the fish samples were dried at 105oC
until constant weight. The parts were blended and
weights ranging between 0.25g and 0.80g were
accurately taken for digestion. The weighed fish part
samples (in crucibles) were ashed at a temperature
of 540oC in the furnace (NEY-M 525) to constant
weight. The ashed samples were each transferred
into a 50cm3 beaker, washed with 25cm3 of 20%(v/
v) nitric acid. The solution was carefully filtered and
transferred into 50cm3 standard volumetric flask
and made up to the mark with distilled de-ionised
water18.

Analysis of Minerals
Lead (Pb), magnesium (Mg), zinc (Zn),

chromium (Cr), iron (Fe), manganese (Mn) and
copper (Cu) were analysed in the four matrices
using a Perkin Elmer model 306 atomic absorption
spectrophotometer. All determinations were in
duplicate.

Statistical Analysis
Data obtained were subjected to statistical

evaluation parameters evaluated. Were grand
mean, standard deviation and coefficient of
variation percent.

RESULTS AND DISCUSSIONS

Table 1 presents the mean heavy metal
concentrations, grand mean, standard deviation
and coefficient of variation in soil sediment and
water. The concentrations of Zn, Cr, Mn and Cu were
low (<1.0mgL-1) in both samples. The value of Zn in
water is within the range suggested by O’Connor19

which is 0.001 to 0.20mgL-1. Among all the metals
determined, Mg was found to be in the highest
concentration with an average of 62.19mgL-1 and
5.84mgL-1 in the sediment and water respectively
followed by Pb with 2.21mgL-1 (sediment) and
4.24mgL-1 (water) while Zn has the lowest
concentration of 0.22mgL-1 for both sediment and
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water. These results are in agreement with the results
of Adeyeye et al.20 in which Zn was found to be the
lowest concentration in both sediment and water.
Going by the calculated coefficient of variation
percent (CV%), the highest variability was Mg
(117.12%), the least was Fe (1.45%) while no
variation was recorded in Zn between the levels of
the metals in the soil and water. The order of variation
was Mg > Cr > Pb > Mn > Cu > Fe.

Levels of the metals in the various parts of
Clarias gariepinus are shown in Table 2. Each metal
determined had the highest concentration either in
the head or the intestine part of the fish except for
Mg where flesh part had the highest concentration.
The coefficient of variation percent of level of metals
in the body parts of Clarias gariepinus varied
between 6.42% in Zn to 70.29% in Cu. The
concentration of the metals determined in the fish
parts followed the order Mg > Pb > Fe > Cr = Cu >
Mn > Zn.

The results of level of metals in the organs
of Tilapia quineensis are presented in Table 3. The
least concentration of each level of metal
determined was found in the gills. Magnesium was
the most highly concentrated metals in all the fish
parts. The order being Mg > Pb > Fe > Cu > Cr > Mn
> Zn. Mg showed the least variability while Cu had
the highest value of 153.85%. Mg which was the
highest concentrated metal in the flesh part of both
fishes indicates nutritional potential of these fishes.
Mg apart from its involvement in bone formation20,
it is an activator of many enzyme systems and
maintains the electrical potential in nerves21. The
observed value of Fe in Clarias gariepinus
intenstine compares favourably with the observation
in Illisha africana fish22. Fe occurs in the prosthetic
group of certain proteins notably the cytochromes
which function in electron transport and in the
enzyme, peroxides and some dehydrogenases. Iron
in animal source is well absorbed (15 – 35%) in
contrast with other forms of iron, such as that from
plant foods at 1 – 10%23. In addition, it enhances
the absorption of iron from other sources, for
example, the addition of fish to a legume cereal
diet can double the iron absorbed and so contributes
significantly to the prevention of anaemia, which is
so wide-spread in developing countries like
Nigeria24.

The high levels of some metals (Pb, Mg,
Fe and Cu) in the head part of both fishes are as a
result of the gills, which help in respiration and
filtration of water. This result agrees with findings of
Ayejuyo et al.25 in which Zn was found in the highest
amount in the gills of Clarias lazera as compared
with all the other body parts studied. In the present
study although the gills were separated from the
head but the values obtained were close with that
of the head’s (Tables 2 and 3).

Lead was detected in every part of the
bodies of fishes studied. Lead is toxic even at low
concentrations and has no known function in
bicochemical processes. Sources of lead include
storage batteries, cable sheaths, solder, pigments,
mining and smelting activities, sewage sludge, anti-
knock compounds in petrol and manufacture of
products containing lead26,27. The onset of lead
pollution of surface waters has been reported, the
major source being the use of leaded gasoline29.
Lead is known to inhibit active transport
mechanisms involving ATP, to depress the activity
of the enzyme cholinesterase, to suppress cellular
oxidation-reduction reactions and to inhibit protein
synthesis30. The lead level in Tilapia quineensis
head (1.44mgL-1) was the highest detected,
although this value is below the US FDA maximum
permissible level31 for lead whose value in the fish
head is 2.0mgkg-1 wet weight. Since the fish samples
were determined on a dry weight basis, one may
conclude that the levels of these metals in the
samples analysed do not constitute any health
hazard. However, there is a need for further
monitoring.

The values of zinc and manganese in the
head and flesh are useful to man since these are
the areas of fish mostly consumed, although the
fish head is just now becoming a delicacy 32 in
Nigeria. Zinc is present in all tissues of the body of
man and is a component of more than 50 enzymes33.
Families and individuals who may be using
vegetable and cereal sources of protein may not
be able to meet the zinc allowances per day. This is
because the zinc in these sources is not as
available as in animal sources34. Manganese
functions as an essential constituent for bone
structure, for reproduction and for normal
functioning of the nervous system. It is also part of
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Table 1: Mean concentration of metals in the soil sediment and ambient water (mgL-1)

Parameter Pb Mg Zn Cr Fe Mn Cu

Soil sediment 2.21 62.19 0.22 0.50 2.05 0.29 0.83
Water 4.24 5.84 0.22 0.33 2.14 0.22 0.64
Grand mean 3.23 34.02 0.22 0.42 2.10 0.26 0.74
SD 1.44 39.84 0.0 0.12 0.06 0.05 0.13
CV% 44.44 117.12 0.0 60.21 1.45 19.23 18.18

SD standard deviationCV% coefficient of variation percent.

Table - 2: Distribution and concentration of the various metals in the body parts of
Clarias gariepinus (dry weight in mgL-1)

Parameter Pb Mg Zn Cr Fe Mn Cu

Head 1.00 3.44 0.09 0.28 1.10 0.41 0.58
Intestine 1.20 4.10 0.09 0.34 0.58 0.10 0.09
Gills 1.04 3.29 0.09 0.28 0.71 0.11 0.20
Flesh 1.01 4.22 0.08 0.32 0.82 0.11 0.33
Grand mean 1.15 3.76 0.09 0.30 0.80 0.12 0.30
SD 0.14 0.47 0.00 0.02 0.22 0.02 0.21
CV% 11.95 12.38 6.42 6.94 27.67 15.21 70.29

SD standard deviationCV% coefficient of variation percent

Table -3: Distribution and concentration of the various metals in the body parts of
Tilapia quineensis (dry weight in mgL-1)

Parameter Pb Mg Zn Cr Fe Mn Cu

Head 1.44 3.32 0.09 0.21 1.11 0.10 0.45
Intestine 1.03 3.43 0.10 0.31 1.26 0.19 0.14
Gills 1.38 2.68 0.09 0.21 1.01 0.13 0.50
Flesh 1.03 3.70 0.15 0.29 1.39 0.11 0.16
Grand mean 1.22 3.28 0.11 0.26 1.19 0.13 0.31
SD 0.25 0.43 0.03 0.14 0.17 0.04 0.40
CV% 20.24 13.18 26.24 52.50 14.04 31.01 153.85

SD standard deviationCV% coefficient of variation percent

the enzyme system20. All the fish samples will
complement the supply of Zn and Mn in food.

Tables 4 and 5 show bioconcentration
factors for the various organs of Clarias gariepinus
and Tilapia quineensis respectively. The values
obtained for various fish organs were relative low
(<1) which showed there was no biological

magnification of metal concentration in the fish
samples. However, the two Tables reveal the relative
dependency of metal concentrations of fish samples
on water sample. Order of bioconcentration factor
of various metals in the body parts of Clarias
gariepinus is Cr > Mg > Mn > Cu > Zn > Fe > Pb
while that of Tilapia guineensis is Cr > Mn > Mg >
Fe > Zn = Cu > Pb.
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Table - 4: Bio-concentration factors of the various metals
in the body parts of Clarias gariepinus

Parameter Pb Mg Zn Cr Fe Mn Cu

Head 0.24 0.59 0.41 0.85 0.51 0.64 0.91
Intestine 0.29 0.70 0.41 0.94 0.27 0.45 0.14
Gills 0.25 0.56 0.41 0.85 0.33 0.50 0.31
Flesh 0.24 0.72 0.36 0.97 0.38 0.50 0.52
Grand mean 0.26 0.64 0.40 0.90 0.37 0.52 0.47
SD 0.02 0.20 0.03 0.06 0.10 0.08 0.37
CV% 9.42 30.58 6.29 6.88 27.61 15.74 78.72

SD standard deviationCV% coefficient of variation percent

Table  - 5: Bioconcentration factors of the various metals
in the body parts of Tilapia quineensis

Parameter Pb Mg Zn Cr Fe Mn Cu

Head 0.34 0.57 0.41 0.64 0.46 0.45 0.70
Intestine 0.23 0.59 0.45 0.94 0.59 0.86 0.22
Gills 0.33 0.46 0.41 0.64 0.47 0.59 0.78
Flesh 0.24 0.63 0.68 0.88 0.65 0.50 0.25
Grand mean 0.29 0.56 0.49 0.78 0.54 0.60 0.49
SD 0.06 0.07 0.02 0.15 0.09 0.18 0.29
CV% 20.11 13.0 4.08 18.86 17.21 30.46 59.93

SD standard deviationCV% coefficient of variation percent

Conclusion

This study has presented data on the
concentrations of some heavy metals in soil
sediments, water and two different fishes from river
Tammah/Kwoto in Nasarawa State, Nigeria. This

being the most detailed study of its kind on the area.
The data generated from this study could serve as
baseline information with which future
environmental impact assessment of solid minerals
exploitation in Nasarawa town and its environ could
be progressively monitored.
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