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ABSTRACT

Water, sediments and catfish (Clarias gariepinus) samples obtained from two fishing settlements
along River Kaduna at Shiroro and Zungeru in Niger State, Nigeria were analyzed for some selected
heavy metals (Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn) using Buck Scientific Model 210 VGP atomic
absorption spectrophotometer. The data obtained were then, analysed using one-way analysis of
variance (ANOVA) statistical analysis. All heavy metals analyzed were detected in all the samples
except Pb, not detected in water and catfish samples and also, Cd was not detected in sediments
sample. The highest heavy metal concentrations were found in the sediments compared to the
water and catfish this is because sediments are known to be major depository of metals present in
the system. Zungeru fishing settlement has higher concentration of the following metals: 0.72+0.84
mg/L Fe in the water; 1331.00+46.98 mg/kg Fe and 160.83+12.18 mg/kg Zn in the catfish;
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7447.33£139.07 mg/kg Fe and 164.67+7.63 mg/kg Mn in the sediments than the values from
Shiroro site. Shiroro fishing settlement has the highest concentration of Fe in water 5.86+0.11 mg/L,
highest Fe in catfish 1482.83+99.50 mg/kg, highest in sediment 26629.50£487.97 mg/kg. The heavy
metals in the water from Shiroro River follow the ranking: Fe > Cu > Cr > Zn > Mn > Cd > Ni; while
the metals in the fish from Zungeru follow the order: Fe > Zn > Mn > Cr > Cu > Cd > Pb, Ni. Variable
results were obtained from the two fishing settlements, but results obtained for some metals in
different samples (water, catfish and sediments) were within maximum permissible limits for water,
sediments and fish as recommended by WHO/USEPA, while other metals were higher than the
recommended limits. Regular monitoring of these heavy metals in water, catfish and sediments on

these fishing settlements is recommended.

Keywords: Sediment; fish; heavy metals; shiroro; zungeru; water.

1. INTRODUCTION

Heavy metals are pollutants of the aquatic
environment because of their capability to poison
humans and build-up in marine organisms [1].
The toxicity effects of these heavy metals
causes’ serious problems on the health of man
due to their easy absorption into the food chain
and bioaccumulation processes [2,3]. Metals are
not decomposable but undergo biogeochemical
cycles with considerably different residual time in
diverse spheres areas and compartment of the
environment. Heavy metals such as Fe, Mn, Zn,
Co and Cr play biochemical functions in living
cells of aquatic organisms in minute amounts but
in high concentrations however they become
toxic [4].

Potential toxic metals may be generated from
many diverse origins in rural and urban
settlements and other activities such as vehicular
emissions and industrial discharges [5,6]. Heavy
meals are natural constituent of our environment
produced from an array of natural and
anthropogenic origin [7].

In recent years, anthropogenic activities have
created ecological pressure in natural habitats
and have seriously increased the atmospheric
deposition of heavy metal pollutant even in
places far away from close human impact [8,1].
Numerous studies have confirmed that
substantial amounts of chemical elements are
leached from refuse dumps into ground water,
streams and rivers [5]. Consequently, variety of
species of aquatic organism becomes limited
with the level of heavy metal pollution [9].

Aquatic environment is one of the receiving ends
of heavy metals which go back into the food
chain through bioaccumulation and bio-
magnification in marine animals and man
respectively [7]. Bio-magnification is swayed by

metal absorption or contaminants which could be
shifted through the numerous tropic levels in an
ecosystem [10]. Contaminants exist in low level
in water and at substantial concentration in
sediments and biota [11]. Sediments and water
are often used as pointers for the nature of
pollution of the ecosystem [12]. Also, fish is well-
thought-out as one of the most essential pointers
in freshwater systems for assessment of metal
pollutant levels [11].

Heavy metals are classified as: potentially
poisonous or non-essential such as Al, As, Cd,
Pb and Hg; semi-essential like Ni, V and Co and
essential like Cu, Zn and Se [13]. Associated
health risks of environmental chemical element
have led to a foremost change in global interest
toward determent of heavy metal build-up [8].
Mercury, lead, cadmium and nickel are amid the
highly harmful metallic pollutants [9].

The United States environmental action group
has asserted that the world’s main contaminated
areas endanger the health of above 10 million
people in many lands. Thus the rising tendency
in concentration of heavy metals in the
environment has  established  substantial
awareness among ecologists and scientist
worldwide during the last period [14].

Accumulations of heavy metals in water systems
can twice as increase the human consumption
through food chain besides through drinking
water [8]. The significant contamination of marine
animals with heavy metals due to polluted soll
and water has been examined and has been
introduced via the sea, river and even irrigation
canals. Afterwards, the intake of polluted
products forms a significant route of human and
animal exposure [15,16].

Therefore, to check the growing cases of food
contamination and health risk factors, it is
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important that informed research into sources
and modes of heavy metal pollution should be
undertaken so that toxic metals which pose a
menace to human well-being can be minimized.
The results attained from this finding will provide
data on the background levels of metals in
sediments of the rivers and water in the studied
area and enable the effective monitoring of both
environmental quality and the health of the
organisms inhabiting the ecosystem.

2. MATERIALS AND METHODS
2.1 Study Area

Shiroro River is located on latitude 9°58° 257
North and Longitude 6°50° 6™ East. It is situated
at a dam known as Shiroro dam, owned by
Power Holding Company of Nigeria (PHCN) and
located 550 meters downstream of the
confluence of Kaduna River with its tributary, the
Dinya. The people of the study area are engaged
in trading, farming and fishing as means of
livelihood.

River Kaduna at Zungeru Bridge is next to Akusu
and is located on latitude 9°49° 38.45" North
and longitude 6°9° 13.63"" East. The people of
the study area are also engaged in trading,
farming and fishing as their means of livelihood
[171.

2.2 Sample Collection and Pre-treatment

Samples were collected during the month of
May-June, 2014 by random systematic sampling.
Three sediment samples were collected in
polythene bags from the two different locations of
the rivers (the up and downstream). Samples of
water were collected using a bailer at up and
downstream points of the rivers. At each point,
three samples were collected and made into a
composite in a 2 litre plastic container prewashed
with 2 moldm™ HNO3 in order to stabilize the
metal ions and prevent precipitation. Three
samples were collected from each location,
tightly corked, brought to the laboratory and kept
refrigerated for further analysis. The collected
sediment samples were air-dried and large
unwanted particles removed by hand-picking.
The dried samples were then ground with an
agate mortar and pestle and then sieved with a 2
mm mesh size sieve before storing for further
analysis. Fresh fish samples newly caught were
bought from the local fishermen at each sampling
location. They were kept in a cooler packed with

ice block so as to retain their freshness and then
conveyed to the laboratory for segmentation of
the organs to be analysed. After washing with
distilled water, the parts were separated into gills,
intestine and tissue and dried in an oven at
105°C for 48 hours. All parts of the dried fish
were pounded together to fine sizes and sieved
with a 2 mm sieve mesh before keeping for
further analysis.

2.3 Methods

The procedure involving the use of trioxonitrate
(V) acid as described by AOAC was employed
[18]. To each 50 cm’ triplicate samples of water
in 250 cm® conical flask, 10 cm® of HNO3; was
added and then heated at 200°C for 1 hour. In
each case, 2 cm’ of hydrogen peroxide was
added and the sample was further heated for
about 30 minutes. The remaining mixture
obtained was then made to 20 cm® mark with
distiled water and filtered into a 50 cm’
volumetric flask and made up to the mark. A
blank determination was also carried out.

To each 1.0 g triplicate sample in 250 cm®
conical flasks, 20 cm® of a mixture of perchloric
acid and trioxonitrate (V) acid at a 2:1 ratio (v/v)
was added and heated at 200°C on a hot plate to
near dryness. To each triplicate sample, 20 cm®
of 0.5 moldm™ trioxonitrate (V) acid was added
and filtered into 50 cm® volumetric flask through
Whatman No 42 filter paper. The filtrate obtained
was made up to 50 cm® mark with distilled water
and stored in pre-cleaned polyethylene bottles
for heavy metals analysis using Atomic
Absorption Spectrometer (Buck Scientific model
210 VGP) [19,20].

1.0 g portion of the ground samples was weighed
using a digital weighing balance (sensitive to +
0.01g). To each 1.0 g triplicate sample of catfish
in 250 cm? conical flask, 10 cm’trioxonitrate V)
acid and 2 cm?® perchloric acid added and then
heated at 200°C for 2 hours. After complete
digestion, the residue was dissolved and diluted
using 0.2% v/v trioxonitrate (V) acid to 20 cm?®
volumes and then filtered into a 50 cm®
volumetric flask and made up to the mark [21].

2.4 Statistical Analysis

One-Way Analysis of variance ANOVA was used
as a statistical inference for the comparison of
results obtained from each settlement. The
identification of the relationship was carried out
by using Pearson correlation matrix and Duncan
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Fig. 1. Base map of Niger state showing local government areas along river Kaduna and the
sample site

multiple range test. The samples were analyzed
using ANOVA test in the Statistical Package for
Social Science (SPSS) software [22]. The 95%
confidence intervals (P < 0.05) were used to
determine error margin and also significant
differences between the different sampling point
and settlement and the accuracy of the data
obtained from the analysis.

3. RESULTS AND DISCUSSION
3.1 Heavy Metals in Water

From the results in Table 1 and Figs. 2 and 3, the
concentration of Mn in the water samples ranged

from 0.10£0.00 to 0.27+0.08 mg/L from the two
locations. Higher concentrations of 0.21+0.02 to
0.27+0.08 mg/L of Mn were obtained for water
samples from Zungeru compared to water
samples from Shiroro which were 0.10£0.00 to
0.11£0.01 mg/L of Mn. Thus, indicating higher
contamination of Mn in water samples from
Zungeru. Similar values were obtained from
Zayandeh Rood River in Isfahan-lran (0.037 to
0.072 mg/L) reported by Sanayei et al. [2].
However, the obtained result is lower than those
recorded by Edward et al. [7] with concentrations
of 0.78 — 0.80 mg/L in Odo-Ayo River in Ado-
Ekiti, Ekiti-State Nigeria. Nonetheless, a reported
result in this study were above the permissible
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limits of 0.05 mg/L Mn in describing water by
WHO/FEPA, and indicates pollution by Mn [23].

The concentrations of Fe as shown in Table 1
were 5.47+0.34 to 5.86+0.11 mg/L for water
samples from Shiroro and 6.68+0.46 to
7.02+0.84 mg/L for Zungeru water samples. This
indicates that, concentration was high in the
latter than the former. There is no distinct pattern
in the distribution of Fe since a lower
concentration of 5.47+0.34 mg/L was from the
upstream area of Shiroro while a lower
concentration of 6.68+0.46 mg/L was obtained in
the downstream area of Zungeru (Figs. 2 and 3).
The value obtained corresponds to those
reported for concentration in water samples from
Odo-Ayo River in Ado-Ekiti, Ekiti-State, Nigeria
(5.87 mg/L) by Edward et al. [7]. Nonetheless,
the reported result was higher than the
permissible limits of 0.3 mg/L Fe in drinking
water by WHO, and indicates pollution by Fe
[24].

The distribution of Cu content in the water
samples from Table 1 were 0.0320.00 to
0.53+0.02 mg/L. Significant variation was visible
in the results with minimum concentrations of
0.03+£0.00 mg/L obtained from the upstream of
Zungeru and maximum concentration of
0.08+0.03 mg/L obtained from the downstream
(Fig. 3). While from Shiroro, the downstream
gave a lower concentration of 0.04+0.00 mg/L
and the upstream, a higher concentration of
0.53+0.02mg/L (Fig. 2). This discrepancy could
be attributed to dilution factor of the rivers. Mean
values of 0.84 mg/L obtained by Edward et al. [7]
from Odo-Ayo River in Ado-Ekiti, Ekiti-State,
Nigeria was slightly higher than the obtained
values in the study. The results obtained from the
study were all lower than the permissible limits of
1.00 to 2.00 mg/L recommended by WHO,
indicating non pollution of this metal in the
studied sample [24].

The concentration of Zn in all water samples
were 0.27+0.08 mg/L (SU); 0.24+0.02 mg/L (SD);
0.34£0.09 mg/L (ZU) and 0.34+0.05 mg/L (ZD)
with no significant difference at P < 0.05 (Table
1). Higher concentration of Zn was obtained in
water sample from Zungeru as compared to
water samples from Shiroro, with the distribution
in the upstream and downstream of each
interchange; Shiroro had more Zn concentration
in water samples from the downstream while the
reverse was the case in Zungeru (Figs. 2 and 3).
Values obtained from the present study are lower
than 3.19 mg/L reported for water samples from
Uke Stream, Nasarawa State, Nigeria by

Opaluwa et al. [12]. Results from the present
study were within the acceptable limits for
drinking water of 3.0 mg/L recommended by
WHO [24].

The concentration of Cr contents ranges from
0.18+0.05 to 0.33+0.03 mg/L in all samples in
Table 1. The highest concentration of 0.33+0.03
mg/L was obtained from upstream of Shiroro and
the downstream of Zungeru respectively while
the lowest concentration of 0.18+0.05 mg/L in
water sample was obtained downstream of
Shiroro (Figs. 2 and 3). These results were
compared with the 2.08 mg/L reported by
Olatunji and Osibanjo, for Inland Fresh Water
from River Niger and River Osara in North-
Central Nigeria [25] which is higher than the
present study while values obtained from Bara
River, Nowshera, KPK province, Pakistan for
surface water contamination in the range of 0.16
to 0.29mg/L by Amir Waseem et al. [26]
compares favourably with present study.
Concentrations obtained for the samples,
however, did not exceed maximum permissible
value of 0.05 mg/L as recommended by WHO
[24].

From Table 1, cadmium concentrations in water
samples were obtained from downstream areas
of both Shiroro and Zungeru (Figs. 2 and 3). This
could be as a result of activities from the Shiroro
Dam which flow downstream. In Zungeru, it was
observed that vehicles and motorcycle washed
from upstream flows downstream could have led
to the release of Cd based contaminants into the
water. Thus, the concentration of Cd in Shiroro
was within the maximum permissible limit of
0.003 mg/L [27], but slightly above the
permissible limit in Zungeru. The concentrations
of Cd in both rivers however, were within the
permissible limit for irrigation water of 0.01 mg/L
[28].

The concentration of lead in all the water
samples as shown in Table 1 and Figs. 2 and 3
were below detection limits (BDL), indicating
minimum contamination from Pb. Findings by
Opaluwa et al. [12], Ali et al. [29] and Mwegoha
and kihampa [30] in Uke Stream Nasarawa
State, Red Sea at Jeddah Islamic Port Coast and
Dares Salaam City, Tanzania reported values of
0.04 mg/lL, 120 mg/L and 0.08 mg/L
respectively. This shows that the levels of Pb
concentrations are sometimes determined by
anthropogenic sources or by environmental
factors. Permissible limit of Pb in drinking water
is 0.01 mg/L as recommended by WHO [24].
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From Table 1, nickel contents was only present
in minimum amount downstream of Shiroro with
a mean value of 0.01£0.00 mg/L while it was
absent from Zungeru (Figs. 2 and 3). Reason for
the absence of Ni upstream of Shiroro is unclear
but dilution factor is suggested. Olatunji and
Osibanjo reported a mean concentration of
0.78+0.12 mg/L for Inland Fresh Water from
River Niger and River Osara in North-Central

Nigeria [25] which were greater than those
reported from downstream of Shiroro in the
present study. Amir Waseem et al. [26] reported
values ranging from <0.001 to 1.52mg/L in
surface water in Pakistan which were within the
values obtained from the present study. The
obtained values are however within the
maximum permissible limit for water of 2.00 mg/L
[24].

S =N Wk O

Concentration (mg/L)

Mn Fe Cu Zn

Metals

BWSU
= WSD

0.01

Cr Cd Pb Ni

Fig. 2. Mean concentrations of heavy metal in water sample from Shiroro fishing settlement

Table 1. Concentration of heavy metals in water samples collected from Shiroro and Zungeru
fishing settlements (mg/L)

Sample Sites
Metals SU SD ZU ZD Standard limit
Mn 0.10+0.00° 0.11+0.01° 0.27+0.08° 0.21+0.02° 0.05 WHO/FEPA 2003
Fe 5.47+0.34° 5.86£0.11%  7.02+0.84° 6.68+0.46"° 0.30 WHO 2008
Cu 0.53+0.02%° 0.04+0.00*°  0.03%0.00° 0.08+0.03° 1.00-2.00 WHO 2008
Zn 0.27+0.08° 0.24+0.02° 0.34+0.09° 0.34+0.05° 3.00 WHO 2008
Cr 0.33+0.03° 0.18+0.05 0.22+0.09° 0.33+0.02° 0.05 WHO 2008
Cd BDL 0.01+0.00% BDL 0.03+0.00° 0.01 USEPA 1986
Pd BDL BDL BDL BDL 0.01 WHO 2008
Ni BDL 0.01+0.00 BDL BDL 2.00WHO 2008

Values are mean = SD of three determinations. Samples with the same superscripts across row are not significantly different at
P < 0.05 while sample with different superscripts across row are significant difference at P < 0.05. WSD: Shiroro Downstream,
SU: Shiroro Upstream, ZU: Zungeru Upstream, ZD: Zungeru Downstream, BDL = Below Detectable Limit.
mg/L: milligram per litre

Concentration (mg/L)
S = N Wk NI X

Mn Fe Cu Zn

Cr Cd Pb Ni
Metals

Fig. 3. Mean concentrations of heavy metal in water sample from Zungeru fishing settlement
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3.2 Heavy Metals in Sediment

Table 2, shows that sediment sample for Mn
from Shiroro had higher concentration of
370.17£27.10 mg/kg in downstream and
402.33+32.08 mg/kg upstream, while sediment
sample from Zungeru had lower concentration of
116.83+4.69 mg/kg at upstream area and
164.67+7.63 mg/kg at the downstream area
(Figs. 4 and 5). The current study is high when
compared with sediment concentrations obtained
from River Kubanni Zaria in Nigeria (184.5 to
293.25 mg/kg) as reported by Butu and Iguisi [5].
Maximum  allowable limit for Mn as
recommended by the USEPA is 300 mg/kg [31],
implying that there was major Mn contamination
in Shiroro sediments while that for Zungeru were
within acceptable limits.

The concentration of Fe (Table 2) in sediments
obtained from Shiroro had higher concentration
of 26629.50 + 487.97 mg/kg at the downstream
area and 15546.11+310.90 mg/kg at the
upstream area. Samples from Zungeru had Fe
concentration of 7447.33+139.07 mg/kg at the
downstream and a concentration of
5446.33+118.49 mg/kg at the upstream area
which is lower than the former (Figs. 4 and 5).
The higher concentration from Shiroro could be
due to anthropogenic sources of contamination,
especially at the downstream area. These results
were compared with those obtained from
sediments collected in Panama (17788.12
mg/kg) by Greany [32]. However, the Fe
concentrations from the present study were all
higher than 20000 mg/kg as recommended by
CBSQG for sediments [33].

From Table 2, a higher concentration of

upstream of Shiroro and 24.50+£1.32 mg/kg from
the downstream, while Zungeru recorded
2.0+0.86 mg/kg upstream and 4.33+0.29 mg/kg
downstream (Figs. 4 and 5). Similar values were
obtained by Edward et al. [7] and Sabo et al. [34]
from River Delimi in Jos and Odo-Ayo River in
Ado-Ekiti with 1.98+0.18 and 0.83 to 0.84 mg/kg,
which compares with the results obtained from
Zungeru in the study. A study by EI-Zokm et al.
[1] compares favourably with the results obtained
from Shiroro of between 34 mg/kg and 270
mg/kg. The concentration of Cu in samples from
Shiroro was above permissible limit of 18.70
mg/kg as recommended by USEPA, while those
from Zungeru were within permissible limits [31].

From Table 2 and Figs. 4 and 5, Zn
concentration in sediment samples from Shiroro
downstream gave 84.33+3.88 mg/kg and
upstream 103.33+3.08 mg/kg. Similar values
were obtained for Stream Sediments of the
South Dry Sac River (89.0 to 123 mg/kg) by
Gwenda [35]. However, all the results obtained
for Zn in sediments from the sample were lower
than the 124.00 mg/kg recommended by USEPA
for sediments [31].

The concentration of Cr as shown in Table 2
ranged from 5.17+0.40 to 16.33+1.60 mg/kg in all
samples. A mean concentration of Cr 16.33+1.06
mg/kg was obtained at the upstream area of
Shiroro, which was twice the concentration,
obtained from the downstream area of 8.83+0.17
mg/kg. However, Zungeru recorded 5.17 £ 0.40
and 7.17+0.16 mg/kg at the upstream and
downstream area respectively (Figs. 4 and 5).
Results obtained were less, compared to 52.34
to 311.69 mg/kg reported by Barakat et al. [36] in
Morocco and Oyakhilome et al. [37] for Sediment

30.1745.80 mg/kg Cu was obtained from the
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g 100007 =& SSo@E o 5 9%
g 5000 1 =8 to ¢8R Yy Sw
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Mn Fe Cu Zn Cr Cd Pb Ni
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Fig. 4. Mean heavy metal concentrations in sediment samples from Shiroro fishing settlement
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Table 2. Concentration of heavy metals in sediment samples from Shiroro and Zungeru fishing
settlements (mg/kg)

Metal Sample Sites Standard limit
SuU SD ZU ZD

Mn 402.33+32.08° 370.17+27.10° 116.83+4.69° 164.67+7.63° 300.00 USEPA
2004

Fe 15546.11£310.90° 26629.50+487.97" 5446.33+118.49° 7447.33x139.07° 20000.00 CBSQG
2003

Cu 30.17+5.80° 24.50+1.32° 2.00+0.86° 4.33+0.29° 18.70 USEPA
2004

Zn 103.33+3.08° 84.33+3.88" 21.33%1.37° 17.33+4.73° 124.00 USEPA
2004

Cr 16.33+1.06° 8.83x0.17% 5.17+0.40° 7.17+£0.16° 43.00 CBSQG
2003

Cd BDL BDL BDL BDL 0.68 USEPA 2004

Pb 15.67+9.80° 9.505.41% BDL BDL 30.20 USEPA
2004

Ni 35.67+7.01° 30.33%3.51° 1.67+0.07° 8.50+0.50° 23.00 CBSQG
2003

Values represent mean + SD of triplicate results. Samples with the same superscripts across row are not significantly different
at P < 0.05 while sample with different superscripts across row are significant difference at P < 0.05. SU: Shiroro Upstream, SD:
Shiroro Downstream, ZU: Zungeru Upsteam, ZD: Zungeru Downstream and BDL: Below Detectable Limit. mg/kg: milligram per

kilogram
8000 - «
~ 7000
& =SZU
Zp 6000
g uS7ZD
~ 5000
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< 4000
£
< 3000
54
= 2000
S PARS o~~~ o~
© 1000 MNC— B
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Fig. 5. Mean heavy metal concentrations in sediment samples from Zungeru fishing settlement

Samples (0.29 to 0.41 mg/kg) from Owena
Multi-Purpose Dam, Ondo State, Nigeria.
Concentration of Cr in this study did not exceed
the limit of 43.00 mg/kg recommended by
CBSQG [33].

The Cd concentration was below detection limits
(BDL) in both Shiroro and Zungeru, as shown in
Table 2. Thus, indicating a little or no toxicity of
the metal. This finding differed from results for
sediment samples reported by Gwenda of 1.3
mg/kg [35] and in normal soil to contaminated
soil which ranged between 0.02 and 184 mg/kg
in various regions of Pakistan by Amir Waseem
et al. [26]. The values were below recommended

maximum permissible limit (0.68 mg/kg) of Cd
reported by USEPA [31].

The Pb concentrations was below detection limit
(BDL) in sediment samples obtained from
Zungeru, however, downstream area of Shiroro
had mean Pb concentration of 9.50+5.41 mg/kg
as indicated in Table 2, while concentration of
15.67+13.80 mg/kg was obtained from the
upstream area (Figs. 4 and 5). These values
were however lower than values obtained in
various coastal regions of Pakistan in the coastal
sediments of the Arabian sea along the urban
Karachi of Pb 121 mg/kg and from surficial
sediments of Lyari River of Pb 49.5mg/kg by
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Amir Waseem et al. [26]. The increased level of
Pb in the upstream area could be as a result of
human activities as evident at this point and
further diluted in process of flow towards the
downstream area. A permissible limit of 30.20
mg/kg Pb in sediments as recommended by
USEPA was however not exceeded from the
obtained result [31].

The sediment samples Shiroro had higher
concentration of Ni as compared to sediment
samples from Zungeru (Table 2). Concentrations
of Ni 30.33+3.51 and 35.67+7.01 mg/kg were
obtained in sediment samples from downstream
and upstream areas of Shiroro respectively,
while Ni concentrations of 1.67+0.07 mg/kg was
obtained for upstream and 8.50+0.50 mg/kg at
the downstream area (Figs. 4 and 5). Studies by
Oyakhilome et al. [37] reported the
concentrations ranging between 1.24 mg/kg to
2.07 mg/kg from Owena Multi-Purpose Dam,
Ondo State, Southern Nigeria which was similar
to results obtained from Shiroro and Zungeru. A
permissible limit of 23.00 mg/kg Ni in sediments
samples as recommended by CBSQG was
however not exceeded from the result obtained
in Zungeru but was exceeded by results obtained
from Shiroro from the present study [33].

3.3 Heavy Metals in Fish

From results in Table 3, it can be observed that
the concentration of Mn in catfish samples from
Shiroro was 56.50+1.21 mg/kg while caffish
samples collected from Zungeru was 38.67+1.79
mg/kg Mn, indicating higher Mn levels in samples
from Shiroro (Fig. 6). Studies by Eneji et al. [21]
and Sen et al. [38] reported a maximum
concentration of 6.18 mg/kg in fish, from River
Benue, North-Central Nigeria and 5.14 mg/kg in
River Yamuna (Delhi), India respectively. These
values were lower than this present study.
Findings of Saeed and Shaker are between
26.13 mg/kg and 42.12 mg/kg for Mn in Northern
Delta Lakes, Egypt, however compares
favourably with this present study [39]. The result
from the study exceeded the permissible limits of
2.0 to 9.0 mg/kg as recommended by FAO/WHO
[40].

Concentration of Fe as seen from Table 3 gave a
mean value of 1482.83 + 99.50 mg/kg for catfish
from Shiroro. This value was higher than that
obtained values from Zungeru of 1331.00+46.98
mg/kg (Fig. 6). There is no variation in result at P
< 0.05 level. Results from present study is far
greater than those reported by Oyakhilome et al.
[37] and Ismaniza and Idaliza [10] ranging from

20.11 to 37.99 mg/kg form Owena Multi-Purpose
Dam, Ondo State, Southern Nigeria and 31.90 to
743.0 mg/kg for Tasik Mutiara, Puchong
respectively. The levels of Fe concentration in
the catfish samples from both rivers are far
greater than the permissible limits of 43.00 mg/kg
as recommended by FAO/WHO [40]. This
variation could be attributed to high residual Fe in
sediments found in water which may have led to
their accumulation in fish through interaction in
water with possibly mild contribution from
anthropogenic influences.

The concentrations of Cu in the catfish samples
as shown in Table 3 and Fig. 6 were 5.67+0.76
mg/kg and 4.00+0.50 mg/kg for catfish samples
from Shiroro and Zungeru respectively. There
was no significant variation in result at P < 0.05
level. Values obtained by Oyakhilome et al. [37]
for Cu (1.42 mg/kg) from Owena Multi-Purpose
Dam, Ondo State, Southern Nigeria are slightly
lower than the present study. However, Ismaniza
and Idaliza obtained results of 0.01 to 20.80
mg/kg in fish from Tasik Mutiara, Puchong, which
compared favourably with the present study [10].
The levels of Cu obtained in the present study
were higher than the permissible limit of 3.00
mg/kg as recommended by FAO/WHO [40].

The concentrations of Zn in the catfish samples
(Table 3 and Fig. 6) were 75.5+6.22 mg/kg for
Shiroro and 160.83+12.18 mg/kg for Zungeru
with significant variation in values at P < 0.05.
Zhang et al. [41], reported a mean concentration
of 10.4+5.3 mg/kg in the muscles of fish samples
analysed in Banan Section of Chongging from
Three Gorges Reservoir, China while Edward et
al. [7], reported mean concentration of 0.95
mg/kg in fish samples from Odo-Ayo River in
Ado-EKkiti, Ekiti-State, Nigeria respectively. These
concentrations fall short of the present study,
however, it compares favourably with results
reported by Benzer et al. [13] which ranged
between 33.24 — 224.59 mg/kg from Mogan Lake
(Turkey). However, levels of Zn in the present
study were higher than the permissible limit of
60.00 mg/kg recommended by FAO/WHO [40].

From Table 3, the concentration of Cr was higher
in the catfish samples from Zungeru compared to
the catfish samples from Shiroro with each
having concentrations of 5.00+0.23 mg/kg and
1.1740.02 mg/kg respectively (Fig. 6). These
concentrations compares well with the values
obtained by Benzer et al. [13] of 1.57 mg/kg and
6.45 mg/kg for fish samples from Mogan Lake
(Turkey). Shabanda and Itodo recorded 0.47
mg/kg in muscles of fish which was lower than
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that of the present study [42]. The finding of Eneji
et al. [21] obtained range value of 29.8 mg/kg to
31.6 mg/kg in Tissue and Gills of Fish Samples
from River Benue, North-Central, Nigeria which
were greater than the values in the present
study. The maximum permissible limits of 2.30
mg/kg for Cr in food recommended by WHO was
however exceeded in fish samples from Zungeru
but were within limit for fish sample from Shiroro
[24].

Concentrations for Cd in catfish samples as
shown in Table 3 and Fig. 6, indicates that lower
concentration of 0.17+0.09 mg/kg was obtained
in catfish samples from Shiroro, while higher
concentration of 2.83+0.69 mg/kg was obtained
in catfish samples from Zungeru with significant
variation in results at P < 0.05 level. Ozturk et al.
[11] also obtained concentration ranging from
0.170.01 to 0.794£0.33 mg/kg from Avsdar Dam
Lake in Turkey which compares favourably with
the catfish samples collected from Shiroro but
lower than the catfish samples from Zungeru.
Also, Ackacha et al. [43] reported Cd
concentrations ranging from 0.33 to 2.68 mg/kg

in various species of fish analysed from
Mediterranean Sea (Libyan coastline) which
compares favourably with the present study.
Results of both samples from Shiroro and
Zungeru exceed the permissible limits of 0.03
mg/kg as recommended by WHO, thus, indicates
Cd pollution [24].

From Table 3, it can be observed that Pb is
below detectable limits (BDL) for fish samples
from both Shiroro and Zungeru indicating the
absence of the metal (Fig. 6). This study
compares well with that reported by Ismaniza
and Idaliza and Shabanda and Itodo of BDL and
0.015 mg/kg respectively [10,42]. Other study by
Oyakhilome et al. and Ackacha et al. however,
were greater than the present study and ranged
between 0.15 to 0.19 mg/kg and 0.07 to 2.39
mg/kg in Owena Multi-Purpose Dam, Ondo
State, Southern Nigeria and Mediterranean Sea
(Libyan coastline), respectively  [37,43].
Therefore, the concentration of Pb from the
present study falls within WHO permissible limit
of 0.30 mg/kg for fish and edible foods [24].

Table 3. Concentration of heavy metals in Catfish (Clarias gariepinus) samples from Shiroro
and Zungeru fishing settlement (mg/kg)

Sample Sites
Metals FS FZ Standard limit
Mn 56.50+1.21° 38.67+1.79° 2.0-9.0 FAO/WHO 1999
Fe 1482.83+99.50° 1331.00+46.98° 43.00 FAO/WHO 1999
Cu 5.67+0.76° 4.00+0.50° 3.00 FAO/WHO 1999
Zn 75.5046.22° 160.83+12.18% 60.00 FAO/WHO 1999
Cr 1.17+0.02° 5.00+0.23° 2.30 WHO 2008
Cd 0.17+0.09° 2.83+0.69° 0.03 WHO 2008
Pb BDL BDL 0.30 WHO 2008
Ni 0.3310.08° BDL 0.30 WHO 2008

Values are means * SD of three determinations. Samples with the same superscripts across row are not significantly different
at P < 0.05 while sample with different superscripts across row are significant difference at P < 0.05. FS: Fish Shiroro, FZ: Fish
Zungeru and BDL: Below Detectable Limit. mg/kg: milligram per kilogram
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Fig. 6. Mean heavy metal concentrations in Catfish (Clarias gariepinus) samples from Shiroro
and Zungeru fishing settlements
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The concentration of Ni was present in only
catfish samples from Shiroro with concentration
of 0.3320.08 mg/kg while Ni was below
detectable limit (BDL) in catfish samples from
Zungeru as shown in Table 3 and Fig. 6.
Aderinola et al. [44] reported Ni concentration of
0.01£0.00 mg/kg in fish from Lagos Lagoon
which compares with samples obtained from
Zungeru while Amirah et al. [45] obtained
concentrations ranging from 3.84+0.41 to
3.97+0.17 mg/kg which was higher than the
present study. Similarly, Mohammadi et al. [9]
also reported concentrations ranging between
0.59+0.01 mg/kg and 1.43+0.03 mg/kg in fish
from Karoon and Dez Rivers of Khuzestan, Iran,
which compares with results obtained from
Shiroro. However, maximum permissible limit for
Ni (0.30 mg/kg) does not exceed for all samples
WHO [24].

4. CONCLUSION

Heavy metal accumulation in water, catfish and
sediment from this study should be of major
concern to the people of Shiroro and Zungeru.
Although, health guidelines were not exceeded
for water samples except Fe; for heavy metals in
catfish, Mn, Fe, Cu and Cd exceeded permissible
limit, while elevated values of Mn, Fe and Cu

exceeded maximum limits recorded in
sediments. In the results obtained for water
samples, it was observed that mean metal

concentrations were higher in Zungeru than in
Shiroro except for Ni and Cu which were highest
at Shiroro. Pb was absent in both sites. Results
from Shiroro also showed that average
contaminations were higher at the upstream area
compared to the downstream area and this could
be attributed to the high activity experienced in
this area due to the local market. There was a
similar trend recorded at Zungeru which might be
due to the flow direction of the river. The pattern
of heavy metal concentration from Shiroro was in
the decreasing order of Fe > Cu > Cr > Zn > Mn
> Cd > Ni while for Zungeru it was in decreasing
order of Fe > Zn > Cr > Mn > Cu > Cd > Pb, Ni
respectively. Catfish (Clarias gariepinus) from
Shiroro contained higher levels of Mn, Fe, Cu
and Ni while catfish from Zungeru had higher
levels of Zn, Cr and Cd with no Pb present in
catfish from both site as evidence in the water
samples. Results also showed that Mn, Fe, Cu
and Cd exceeded permissible limits set by
relevant bodies for catfish samples from both
sites, while Cr was above allowable limits for
catfish from Zungeru. Accumulation of metals
was in decreasing order of Fe > Zn > Mn > Cu >

1"

Cr > Ni > Cd > Pb for catfish from Shiroro and Fe
>7Zn > Mn > Cr > Cu > Cd > Pb, Ni for catfish
from Zungeru respectively. Therefore it shows
that this catfish caught from the two rivers may
cause health hazards for consumers.
Accumulation of metals was in decreasing order
of Fe > Mn > Zn > Ni > Cu > Cr > Pb > Cd for
sediment samples from Shiroro and Fe > Mn >
Zn > Cr > Ni > Cu > Pb, Cd for sediment sample
from Zungeru respectively. Concentrations of
heavy metal in sediment samples were higher in
Shiroro for all metal analysed than sediment
samples from Zungeru which may be due to
heavy machinery and other equipment used to
generate electricity from the Shiroro dam. Also, it
could be as a result of its proximity to a local
market located close to the river side.
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