Toxicology Reports 2 (2015) 896-903

Contents lists available at ScienceDirect

toxicology

Toxicology Reports

reports

journal homepage: www.elsevier.com/locate/toxrep

Distribution of three non-essential trace metals (Cadmium, Mercury
and Lead) in the organs of fish from Aiba Reservoir, Iwo, Nigeria

@ CrossMark

Oluwatosin Ebenezer Atobatele®*, Godwin Oladele Olutona®

a Department of Biological Sciences, P.M.B. 284, Bowen University, Iwo, Osun State, Nigeria
b Department of Chemistry and Industrial Chemistry, Bowen University, Iwo, Osun State, Nigeria

ARTICLE INFO ABSTRACT

Article history:

Received 15 November 2014
Received in revised form 7 May 2015
Accepted 1 June 2015

Available online 7 June 2015

The distribution of non-essential trace elements in some vital organs of 11 fish species from Aiba Reser-
voir, Iwo, Nigeria was assessed between November 2010 and June 2011. The fish species belong to seven
families; family Mormyridae, family Cyprinidae, family Hepsetidae and family Channidae each with one
species; family Bagridae and family Clariidae each with two species; and family Cichlidae with three
species. All families, except Clariidae and Channidae, are common in the daily catch from the reser-
voir. Atomic absorption spectrophotometry was used to determine the levels of cadmium, mercury and
lead in fish organs. The concentration of toxic trace metals in fish ranged from 0.001 to 0.100 ppm (Cd),
0.000-0.067 ppm (Hg) and 0.001-0.125 ppm (Pb) dry weight. This study shows similarity (p >0.05) in the
distribution of Cd, Hg and Pb among fish species; and a non-uniform distribution of toxic trace metals
within fish organs with Kidney > Liver > Gill > Intestine > Muscle. Canonical variate analysis shows clear
discrimination of Clarias macromystax and Channa obscura for gill trace metal levels of Cd, Hg and Pb
while Labeo senegalensis and Oreochromis niloticus were discriminated for liver trace metal values of Cd
and Pb only when compared to other fish species studied. The discrimination of some fish species based
on trace metals in the gills and liver suggests different regulatory strategies for trace metal accumula-
tion. Variation due to comparison among different fish species from the same water body suggests that
accumulation may be species dependent. Differential accumulation of toxic trace metals in fish organs

makes them good bioindicators of freshwater contamination.
© 2015 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Trace metals are accumulated by aquatic organisms and persist
in food webs [1]. The quantification of potential contaminants in
biological tissues can be an important part of water quality assess-
ment programs because it can provide information about threats to
human life and its distribution in the environment [2]. Biota such as
fish are used as indicators of trace metal contamination of aquatic
environments because they are large and easily identified [3]; have
longer life-span and high position in the aquatic food chain [4];
and have been recommended as valuable biological indicators in
aquatic environmental pollution assessment [5].

Two main ways by which trace metals enter the aquatic food
chain are by direct consumption of water and food through the
digestive tract and non-dietary routes across permeable mem-
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branes such as the skin and gills [1]. Therefore levels in fish usually
reflect levels found in sediment and water of the particular aquatic
environment from which they are sourced [6]; and time of expo-
sure [7]. Fish have the ability to accumulate heavy metals in their
tissues by absorption along gill surface and gut tract wall to higher
levels than environmental concentration [ 7]. Accumulation of trace
metals by organisms may be passive or selective; and differences
in accumulation of trace metals by organisms could be as a result
of differences in assimilation, egestion or both [8].

Non-essential trace metals such as Cadmium (Cd), Mercury (Hg)
and Lead (Pb) have no known essential role in living organisms;
exhibit extreme toxicity even at very low (trace) exposure levels
and have been regarded as the main threats to all forms of life
especially human health [9,10]. Toxic effects occur when excretory,
metabolic, storage and detoxification mechanisms are no longer
able to counter uptake [11]; eventually resulting in physiological
and histopathological changes [1,12-14]. These changes can also
be altered by water physicochemistry [7]. Entry of heavy metals
into the organs of a fish mainly takes place by adsorption and
absorption; the rate of accumulation is a function of uptake and
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Fig. 1. Map showing location of Aiba Reservoir, Iwo, Nigeria.

depuration rates [7]. Non-essential metals, aside from being toxic
and persistent, are bioaccumulated and internally regulated using
different strategies such as active excretion and storage [ 15]. Signif-
icant variations in the levels of non-essential trace elements have
been reported between organs and species of fish inhabiting the
same freshwater body: Lake Balaton, Hungary [ 16]; iskenderun Bay,
Turkey [17]; Three Gorges Reservoir, China [18].

Elevated levels of toxic trace metals have been reported from
areas experiencing increasing settlement, traffic and agricultural
activities [7,8]. The levels of non-essential trace elements in fish
are important because fish is an important source of food for the
general human population; fish from freshwater bodies receiv-
ing industrial effluents have been reported to be unfit for human
consumption because of high tissue levels of some trace metals
[11,19,20-22]. In order to protect aquatic biota, it is necessary to
determine contamination levels of trace elements through chem-
ical biomonitoring and evaluation of biomarkers that represent
early indicators of biological effects [7]. Certain fish species may
be better bioindicators of specific trace metal contamination com-
pared to others [23,24].

Aiba Reservoir is located in Iwo Local Government Area of Osun
State, Nigeria. It is mainly an agrarian society. The reservoir is the
main source of potable water and secondary source of food fish for
the local populace. With recent increase in population of Iwo due to
increased development; the demand for this precious resource has

increased, thereby resulting in point and non-point anthropogenic
contamination of this water body. This study, therefore, assesses
the levels of three toxic metals (Cadmiun, Mercury and Lead) in
some vital organs of different fish species inhabiting Aiba Reservoir,
Iwo, Nigeria, in order to determine their distribution and to suggest
indicator fish species.

2. Experimental

Aiba Reservoir (Fig. 1), a small tropical reservoir with a mean
depth of 0.75 m (maximum depth=7.5m), is State-owned and is
located in Iwo town. It lies between longitudes 004°11'-004°13’E
and latitudes 07°38’ — 07°39'N. Iwo town is located almost equidis-
tant between two state capitals; Ibadan in Oyo State and Osogbo in
Osun State, Nigeria. Earlier studies [25,26] show seasonal (mainly
run-off from the catchment area during the wet season and a short
harmattan spell during the dry season) as well as spatial (mainly
anthropogenic) influence on the reservoir. Anthropogenic sources
of contamination include encroachment of residential and business
(furniture, auto repair, etc.) structures at the northern portion of
the reservoir and contamination (point and non-point sources) at
the southern portion of the reservoir such as run-off from agricul-
tural areas and other human related activities such as swimming,
bathing and washing of domestic wares. Although potable water
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Table 1

Classification and the main feeding habits of eleven fish species sampled from Aiba Reservoir, Iwo.
S/no Species Family Order Main feeding habit
1 Marcusenius senegalensis (Steindachner, 1807) Mormyridae Mormyriformes Substrate feeder (insect larvae)
2 Labeo senegalensis(Cuvier and Valenciennes,1842) Cyprinidae Cypriniformes Substrate feeder (epipelic algae)
3 Hepsetus odoe (Block, 1794) Hepsetidae Cypriniformes Carnivorous (piscivorous)
4 Chrysichthys auratus (Geoffrey, 1809) Bagridae Siluriformes Omnivorous (mesopredators)
5 Chrysichthys nigrodigitatus ~ (Lacepede, 1803) Bagridae Siluriformes Omnivorous (mesopredators)
6 Clarias (Anguilloclarias) ebriensis (Pellegrin, 1920) Clariidae Siluriformes Omnivorous  (bottom feeder)
7 Clarias (Claroides) macromystax (Gunther, 1864) Clariidae Siluriformes Omnivorous  (bottom feeder)
8 Channa obscura (Smith, 1873) Channidae Perciformes Omnivorous(small fish and insects)
9 Tilapia zillii (Gervais, 1848) Cichlidae Perciformes Herbivorous
10 Sarotherodon galilaeus (Artedi, 1757) Cichlidae Perciformes Herbivorous
11 Oreochromis niloticus (Linnaeus, 1757) Cichlidae Perciformes Omnivorous

is the main purpose for its creation in 1957; artisanal fishing is a
common and daily activity in the reservoir.

A total of eleven fish species (Table 1) caught with gill nets
(mesh size=25mm) between November 2010 and June 2011 to
spread over the dry (November to March) and wet (April to
October) seasons were used in the analysis. All except the Clari-
idae and Channidae (caught once only during the dry season) are
common in the daily catch of artisanal fishermen of Aiba Reser-
voir. Fish species were bought from fishermen at their landing
sites and taken to the laboratory in a cool box. In the labora-
tory, each fish was identified to species level using identification
guide [27]. The fish samples were measured to the nearest 0.1 cm
with ruler and wooden board; and weighed (wet) to the nearest
0.1 g with a digital balance. Eighty-six samples of individual fish
were used for trace metal analysis: Marcusenius senegalensis (n=38;
standard length range =10.1-17.5 cm; weight range =18.7-82.2 g);
Labeo senegalensis (n=7; standard length range=10.7-13.9 cm,;
weight range = 24.8-58.2 g); Hepsetus odoe (n =10; standard length
range = 16.4-24.5 cm; weight range=56.0-208.1g); Chrysichthys
auratus (n=10; standard length range=12.4-16.5cm; weight
range =36.1-98.7); Chrysichthys nigrodigitatus (n=8; standard
length range =9.6-22.7 cm; weight range =162.2-228.8 g); Clarias
ebriensis (n=1; standard length=18.2cm; weight=61.0¢g); Clar-
ias macromystax (n=1; standard length=18.7 cm; weight=73.8 g);
Channa obscura (n=1; standard length=17.5 cm; weight=69.4 g);
Tilapia zillii (n=15; standard length range=7.6-16.8 cm; weight
range = 18.2-200 g); Sarotherodon galilaeus (n=15; standard length
range = 8.4-17.5 cm; weight range = 23.1-201.8 g) and Oreochromis
niloticus (n=10; standard length range=7.4-13.9cm; weight
range = 15.6-91.4 g). Each fish sample was dissected with stainless
steel forceps, scalpels and scissors in a dissecting tray to bring out
different organs. Pooled organ samples of fish (n > 1) caught at each
sampling period were analysed. Fish organs were dried in labelled
pre-washed crucibles at 70°C for 24 h in an oven. Each dry sam-
ple was then pulverised, homogenized with porcelain mortar and
pestle and stored in labelled pre-treated specimen bottles. Each
sample was transferred to pre-weighed crucibles and dried again
in the oven until constant weight was obtained. One gram of the
dry sample, placed in a Teflon beaker, was digested with 10 mL
analytical grade nitric acid (HNO3) and hydrogen peroxide (H,0,)
(1:1) on a hot plate at 100°C to near dryness when a clear solu-
tion was obtained. The solution was then diluted up to 25 mL with
distilled water. The concentrations of trace elements in each sam-
ple were determined using atomic absorption spectrophotometer.
Blank experiments were run to check for background contaminants
by the reagents and apparatus used. The values obtained from run-
ning blank experiments were subtracted from the analyte values as
applicable. The Atomic Absorption Spectrophotometer (AAS) used
was calibrated to evaluate the response of the analytical procedure
with respect to known quantities of the standards of the trace met-
als so that the response to unknown quantities in the samples could

be reliably estimated. The calibration of the AAS was done with 10,
8,6,4,2 and 0 ppm solution of the metals obtained by serial dilution
of 1000 ppm of the stock metal solution. Analysis of each sample
was carried out in duplicate and results expressed in microgram
per gram (or ppm).

Recovery analysis was conducted to assess the error levels aris-
ing from contamination and also to ascertain the precision of the
analytical procedures used in this study. Two fish samples, each
weighing 1 g, were placed into different Teflon beakers. One of the
samples was spiked with 100 pg/g of the mixed metal standard
while the other was left unspiked. The two samples were subjected
to the same sample digestion procedures. The digested solution
was quantitatively added to a 25 mL volumetric flask. The levels of
Cd, Hg and Pb in the two samples were determined using the AAS.
The percentage recovery (%R) for each metal was calculated using
the relationship: %R = 4=8x1%where A= concentration of a metal
in the spiked sample, B=concentration of a metal in the unspiked
sample; and C=the amount of metal (ppm) used for spiking.

The metal content of all the extracts in the centrifuged and
digested solutions were determined using Buck model 205 Flame
Atomic Absorption Spectrophotometer, available at the Interna-
tional Institute of Tropical Agriculture (IITA), Ibadan, Nigeria.
Similarly, the accuracy of the method was assessed through a cal-
ibration standard of 10 ppm, which was run as a check after every
five batch of the samples analysed to ensure that less than 20%
variation was found from the initial calibration standard.

Non-parametric Kruskal-Wallis test was carried out on the
datasets since they do not satisfy the assumptions of parametric
test. Data sets that were significantly different among groups were
further subjected to multivariate Canonical Variance analysis to
give a graphical discrimination among fish species. Non-parametric
test was carried out with SPSS software (SPSS 14.0 for Windows
Evaluation version). Multivariate graphical illustrations of datasets
were made using the GenStat Software (GenStat-Tenth Edition (DE
4), Service Pack 1, version 10.3.0.0; 2011).

3. Results and discussion
3.1. Results

The standard calibration curves obtained from the recovery
analysis results of trace metals analysed for fish samples from Aiba
Reservoir shows high linearity level with r2 values of 0.9819 (Cd),
0.9856 (Hg) and 0.9891 (Pb). Recoveries of trace metals in fish
are: 89.79 +£4.35% (Cd), 84.72 +4.02% (Hg) and, 95.39 & 3.86% (Pb).
These values are adjudged acceptable therefore the results obtained
are reliable.

The overall mean+standard error for all fish sam-
ples combined are 0.012+0.002ppm (0.001 - 0.0125ppm)
for Cd; 0.006+0.001 ppm (0.000-0.067 ppm) for Hg; and
0.010+£0.001 ppm (0.001 - 0.100 ppm) for Pb (Table 2). L. sene-
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Table 2

Overall mean + Standard Error (SE), range and Kruskal-Wallis One-Way Analysis of Variance test of toxic metals (Cd, Hg and Pb) measured for eleven fish species from Aiba

Reservoir, Iwo, Nigeria.

Fish species Cd (ppm)Mean + SE Hg (ppm)Mean + SE Pb (ppm)Mean + SE
Marcusenius senegalensis 0.007 +0.001 0.005+0.001 0.005+0.001
Labeo senegalensis 0.02040.001 0.008 +0.004 0.02040.008
Hepsetus odoe 0.007 £0.001 0.005 +0.001 0.007 £0.001
Chrysichthys auratus 0.006 +0.001 0.004 +0.001 0.005+0.001
Chrysichthys nigrodigitatus 0.004 4+ 0.001 0.002 +0.000 0.005 +0.001
Clarias ebriensis 0.013 +0.005 0.008 +0.003 0.009 +0.003
Clarias macromystax 0.008 +0.003 0.006 +0.003 0.008 +0.003
Channa obscura 0.012 +0.004 0.008 +0.003 0.014 +0.006
Tilapia zillii 0.013 +£0.006 0.007 £0.004 0.024 +£0.011
Sarotherodon galilaeus 0.009+0.003 0.004 +0.002 0.021 4+ 0.009
Oreochromis niloticus 0.022 +0.008 0.011+0.005 0.021+0.008
Total
Mean + SE (ppm) 0.012 +£0.002 0.006 +0.001 0.010+0.001
Range (ppm) 0.001-0.125 0.000-0.067 0.001-0.100
Species number (S) 11 11 11
Sample number (n) 168 168 168
(df=10) 6.25 12.59 7.67
P-value 0.794 0.247 0.794
0.04 - - - -
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Fig. 2. Overall mean values (with standard error bars) to show the pattern of cad- 8
mium (Cd), mercury (Hg) and lead (Pb) accumulation in five organs of all fish species 0.0
caught from Aiba Reservoir.
2.5

galensis had the highest mean value (0.020 +0.001 ppm) for Cd,
while C. nigrodigitatus recorded the lowest (0.004 +0.001 ppm);
0. niloticus had the highest mean (0.011+0.005ppm) for Hg,
while C. nigrodigitatus recorded the lowest (0.002 +0.000 ppm);
however, T. zillii had the highest mean value (0.024 +0.011 ppm)
for Pb, while C. auratus, C. nigrodigitatus and M. senegalensis had
the lowest (0.005 & 0.001 ppm). Kruskal-Wallis One Way Analysis
of Variance of the 11 fish species shows no significant difference
among species for Cd (x2=6.25, df=10, p=0.794), Hg (x2=12.59,
df=10, p=0.247) and Pb (x%=7.67, df=10, p=0.794).

The pattern of mean values for the five fish organs
showed Kidney > Liver > Gill > Intestine = Muscle for Cd;
Kidney > Liver > Gill > Intestine>Muscle for Hg; and Kid-
ney > Liver > Gill > Intestine > Muscle for Pb (Fig. 2). Kruskal-Wallis
One-Way ANOVA showed significant difference in mean gill
concentration of trace metals for Cd (x2=30.78, df=10, p=0.001),
Hg(x%=28.21, df=10, p=0.002) and Pb(x? =27.67, df=10,
p=0.001) for all fish species studied (Table 3). C. macromys-
tax had a significantly higher mean Cd (0.024 +0.004 ppm),
Hg (0.0174+0.004ppm) and Pb (0.024+0.0004 ppm) values
followed by C. obscura with mean Cd (0.010+0.003 ppm), Hg
(0.007 +0.002 ppm) and Pb (0.010 & 0.0003 ppm) values compared
with the three cichlid species, two bagrid species, H. odoe and L.
senegalensis. Further analysis with canonical variates plot shows
that C. macromystax and C. obscura are distinctly separated, with
the latter having a lesser separation, from the other fish species
with regards to the distribution of Cd, Hg and Pb (Fig. 3). The first
two canonical variates accounted for 98.66% of the total variation.

T T T T T T T T
-25 0.0 25 5.0 75 10.0 125 150

Canonical variate 1 (88.55%)

Fig. 3. Canonical variate analysis plot of gill concentration of Cd, Hg and Pb against
sampled fish species with 95% confidence regions of means.

The Canonical Variate mean (dark triangle) and 95% confidence region (circle)
of toxic trace metals (Cd, Hg and Pb) liver concentration for fish species from
Aiba Reservoir. The first two Canonical Variates accounted for 98.66% of the total
variation.

Key:

Cau = Chrysichthys auratus; Ceb=Clarias ebriensis; Cma=Clarias macromystax;
Cni=Chrysichthys nigrodigitatus; Cob=Channa obscura; Hod=Hepsetus odoe;
Lse = Labeo senegalensis; Mse = Marcusenius senegalensis; Oni = Oreochromis niloticus;
Sga=Sarotherodon galilaeus; Tzi= Tilapia zillii.

There was no significant difference (p>0.05) in the distribu-
tion of Cd, Hg and Pb in intestine of five fish species recorded
for the study (Table 4). Only Pb recorded a significant (x%=17.14,
df=9, p=0.047) mean contamination for fish kidneys with T. zil-
lii having a very high level of Pb in the kidney(0.113 4 0.013 ppm)
compared to other species(Table 5). There was significant differ-
ence in the distribution of Cd (x2=17.80, df=8, p=0.023) and
Pb(x%=22.17,df=8, p=0.005) for liver among fish species(Table 6).
Canonical variates analysis for the distribution of trace metal lev-
els for liver among fish species shows that L. senegalensis and O.
niloticus have distinct separation (as both species recorded very
high mean levels of Cd and Pb) from the other fish species with
the latter having a lesser separation (Fig. 4). The first two canoni-
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Table 3

Non-parametric Kruskal-Wallis One-Way Analysis of Variance Test on mean values of Cd, Hg and Pb for the gills of eleven fish species from Aiba Reservoir, Iwo, Nigeria.
Fish species Cd (ppm)Mean + SE Hg (ppm)Mean + SE Pb (ppm)Mean =+ SE
Marcusenius senegalensis 0.006 +0.001 0.004 +0.001 0.004 +0.001
Labeo senegalensis 0.002 +0.001 0.001 +0.001 0.002 +0.001
Hepsetus odoe 0.003 £ 0.000 0.002 £ 0.000 0.004 + 0.000
Chrysichthys auratus 0.004 +0.001 0.003 +0.001 0.003 4+0.001
Chrysichthys nigrodigitatus 0.004 +0.000 0.003 +0.000 0.004 +0.000
Clarias ebriensis 0.007 £0.001 0.005 +£0.001 0.005 +0.001
Clarias macromystax 0.024 +0.004 0.017 +£0.004 0.0244+0.004
Channa obscura 0.010+0.003 0.007 +0.002 0.010+0.003
Tilapia zillii 0.002 +0.000 0.001 +0.000 0.002 +0.000
Sarotherodon galilaeus 0.003 £0.001 0.002 +£0.001 0.003 4 0.000
Oreochromis niloticus 0.002 +0.000 0.001 +0.000 0.002 +0.000
(df=10) P-value 30.78 0.001 28.21 0.002 27.67 0.002

Table 4

Non-parametric Kruskal-Wallis One-Way Analysis of Variance Test on mean values of Cd, Hg and Pb for the intestines of five fish species from Aiba Reservoir, Iwo, Nigeria.
Fish species Cd (ppm)Mean + SE Hg (ppm)Mean + SE Pb (ppm)Mean = SE
Marcusenius senegalensis 0.002 +0.001 0.001+0.001 0.002 +0.001
Hepsetus odoe 0.003 +£0.001 0.002 +£0.001 0.003 +£0.001
Chrysichthys auratus 0.003 £0.001 0.002 +£0.001 0.004 +0.001
Clarias ebriensis 0.004 +0.001 0.003 +0.001 0.004 +0.001
Clarias macromystax 0.005+0.001 0.003 +£0.001 0.005 4+ 0.001
(df=4) P-value 7.24 0.124 6.20 0.185 7.24 0.124

Table 5

Non-parametric Kruskal-Wallis One-Way Analysis of Variance Test on mean values of Cd, Hg and Pb for the kidneys of ten fish species from Aiba Reservoir, Iwo, Nigeria.
Fish species Cd (ppm)Mean + SE Hg (ppm)Mean + SE Pb (ppm)Mean =+ SE
Marcusenius senegalensis 0.010+0.002 0.006 +0.002 0.0104+0.002
Labeo senegalensis 0.025+0.005 0.015+0.005 0.025 +0.005
Hepsetus odoe 0.016 £0.003 0.011+£0.003 0.017 £0.002
Chrysichthys auratus 0.012 £0.002 0.008 +0.002 0.0104+0.003
Chrysichthys nigrodigitatus 0.006 +0.002 0.003 +£0.001 0.007 +0.003
Clarias ebriensis 0.050+0.010 0.030+£0.010 0.030+£0.010
Channa obscura 0.035+0.005 0.025 +0.005 0.045 +0.005
Tilapia zillii 0.063+£0.013 0.038+£0.013 0.113+£0.013
Sarotherodon galilaeus 0.022+0.010 0.008 +0.006 0.061+0.030
Oreochromis niloticus 0.046 +0.023 0.028 +£0.015 0.031+0.013
(df=9) P-value 16.25 0.062 16.09 0.065 17.14 0.047

Table 6

Non-parametric Kruskal-Wallis One-Way Analysis of Variance Test on mean values of Cd, Hg and Pb for the liver of nine fish species from Aiba Reservoir, Iwo, Nigeria.
Fish species Cd (ppm)Mean + SE Hg (ppm)Mean + SE Pb (ppm)Mean 4 SE
Marcusenius senegalensis 0.015+0.002 0.010+0.002 0.008 +0.001
Labeo senegalensis 0.050+0.017 0.017+0.017 0.050+0.017
Hepsetus odoe 0.019+£0.003 0.007 +£0.002 0.009 +0.004
Chrysichthys auratus 0.008 £0.001 0.005+0.001 0.005 +0.001
Chrysichthys nigrodigitatus 0.003 +£0.001 0.002 +0.001 0.006 + 0.002
Clarias ebriensis 0.013+£0.003 0.008 +0.003 0.008 +0.003
Tilapia zillii 0.012+£0.003 0.005 +0.002 0.022 +£0.008
Sarotherodon galilaeus 0.011+£0.005 0.005+0.003 0.0194+0.008
Oreochromis niloticus 0.038+0.010 0.016 +0.007 0.049+0.021
(df=8) P-value 2217 0.005 10.77 0.215 17.80 0.023

Table 7

Non-parametric Kruskal-Wallis One-Way Analysis of Variance Test on mean values of Cd, Hg and Pb for the muscle of eleven fish species from Aiba Reservoir, Iwo, Nigeria.
Fish species Cd (ppm)Mean + SE Hg (ppm)Mean + SE Pb (ppm)Mean + SE
Marcusenius senegalensis 0.003 +0.000 0.002 +0.000 0.003 +0.000
Labeo senegalensis 0.002 +0.000 0.001 +£0.001 0.002 +0.001
Hepsetus odoe 0.003 +0.000 0.002 +0.000 0.003 +0.000
Chrysichthys auratus 0.003 +0.000 0.002 +0.000 0.003 +0.000
Chrysichthys nigrodigitatus 0.002 +0.000 0.001 +0.000 0.004 4+ 0.000
Clarias ebriensis 0.003 £0.001 0.002 +£0.001 0.004 +0.001
Clarias macromystax 0.003 £0.001 0.002 +0.001 0.003 +0.001
Channa obscura 0.003 +0.000 0.002 +0.000 0.002 +0.000
Tilapia zillii 0.002 £ 0.000 0.001 £ 0.000 0.004 +£0.001
Sarotherodon galilaeus 0.002 +0.000 0.001 +0.000 0.004 +0.001
Oreochromis niloticus 0.002 +0.000 0.001 +0.000 0.003 +0.001

(df=10) P-value 14.40 0.155 14.40 0.155 15.75 0.107
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Fig. 4. Canonical variate analysis plot of liver concentration of Cd, Hg and Pb
against sampled fish species with 95% confidence regions of means.

The Canonical Variate mean (dark triangle) and 95% confidence region (circle)
of toxic trace metals (Cd, Hg and Pb) liver concentration for fish species from
Aiba Reservoir. The first two Canonical Variates accounted for 99.38% of the total
variation.

Key:

Cau = Chrysichthys auratus; Ceb=Clarias ebriensis; Cma=Clarias macromystax;
Cni= Chrysichthys nigrodigitatus; Cob=Channa obscura; Hod=Hepsetus odoe;
Lse = Labeo senegalensis; Mse = Marcusenius senegalensis; Oni= Oreochromis niloticus;
Sga=Sarotherodon galilaeus; Tzi = Tilapia zillii.

cal variates accounted for 99.38% of the total variation (CV1=95.5%
and CV2 =3.88%). The mean levels of trace metals in muscle did not
show any significant difference among fish species studied for Cd
(x?=14.40, df=10, p=0.155), Hg( x2 = 14.40, df=10, p=0.155) and
Pb(x?=15.75, df=10, p=0.107)(Table 7).

3.2. Discussion

Trace metals studied were above detection levels in fish organs.
The mean level of trace metal concentration recorded for this
study is in the order Cd>Pb>Hg; and ranged between 0.001 and
0.125 ppm for Cd, 0.001-0.100 for Pb and 0.000-0.067 for Hg.
The low levels of these trace elements in fish suggest low trace
metal levels in the reservoir water and sediments; which may
be attributed to level of development of the town as there is no
major industry compared to other surrounding cities in southwest
Nigeria. Fish from a freshwater body receiving industrial efflu-
ent has been regarded as unfit for human consumption because
of high tissue levels of toxic trace metals such as Cd and Pb [22].
However, observed contamination of fish suggests anthropogenic
influence from point and non-point sources on the reservoir such
as atmospheric deposition, run-off from agricultural areas and the
influence of municipal wastes through the catchment area. The
inability to discriminate between fish species studied for Cd, Hg
and Pb when all organs were combined suggests large intraspecific
variation in fish, which may be due to uptake, age, sex [28] and
individual metabolic response to detoxification [1].

The distribution of trace metal studied for fish organs show sim-
ilar pattern with Kidney > Liver > Gill > Intestine > Muscle. Kidney
and liver recorded significantly higher trace metal levels for all
fish species studied compared to gill, intestine and muscle. Cad-
mium has been reported to bioaccumulate most significantly in
the kidney followed by liver and gills [29]. The strong affinity for
the non-essential trace elements Cd and Pb by the kidney suggests

tolerance of organs to chronic Pb and Cd intoxication [30]; thereby
exhibiting great nephrotoxic potentials [31].

Kidney is the gateway for heavy metal detoxification in the
body [32]. There was no clear discrimination (p > 0.05) among fish
species for trace metal accumulation in the kidney except for Pb
with T. zillii having a relatively high concentration. The result shows
some level of accumulation of trace metals in fish kidney; and
suggests similar metal detoxification ability by fish species stud-
ied. Laboratory experiments have shown that cadmium exposure
results in observed differential behavioural anomalies in differ-
ent fish species [33]. Dissolved cadmium in freshwater can rapidly
cause physiological changes in the gill and kidney of fish by affect-
ing osmotic control and enzyme activity [34].

L. senegalensis and O. niloticus were clearly discriminated from
other fish species studied based on the distribution of Cd and Pb
in liver. This is in agreement with the work of Benson et al. [35]
and Yilmaz [36] that reported significantly higher liver trace metal
values for O. niloticus from different aquatic ecosystems within the
Niger Delta region in Nigeria and Anguilla anguilla from Koycegiz
Lake in Turkey, respectively. Jirsa et al. [37] reported also that the
liver of a predominantly herbivorous fish (Chondrostoma nasus)
is the preferred organ for Cd and Pb storage. Benson et al. [35]
regarded O. niloticus as a good bioindicator of Hg contamination of
aquatic environments. However, for this study, despite high liver
mean Hg levels recorded for L. senegalensis and O. niloticus, mercury
did not discriminate significantly among the fish species. Maxi-
mum background level of Hg in uncontaminated freshwater fish
is reported to be about 0.2 pg/g [38]; and a recommended limit
of 1.0 ppm total mercury was set by USFDA [39]. Most Hg in fish
tissue is methylmercury due to its preferential uptake, ability to
be transferred among tissues and slow depuration; and the main
depuration pathway of Hg is through the liver and kidney in fish
[40]. Trophic status, dietary patterns and activity of a fish have been
reported to be important in the bioaccumulation of total mercury
by fish [40-42]; consequently higher Hg values have been recorded
from the organs of predator and non-sedentary (less active) fish
[16,23,43-46]. Conversely, Black et al. [47] reported lower than
average mercury concentrations in fish from tropical Africa; with
piscivorous fish recording lower mean values than non-piscivorous
fish. Higher levels of trace metal accumulation in liver have been
attributed to the presence of metallothionein proteins that enables
fish to detoxify trace metals [48].

The gill is an important site for the entry of trace metals [32]; and
is the first target organ for exposure in fish. Gills of C. macromys-
tax and C. obscura showed significantly higher levels of trace metal
studied compared to gills of other fish species in the reservoir;
suggesting that their gills could accumulate trace metals from the
environment. C. macromystax and C. obscura are both omnivorous
feeders (the former being a bottom feeder) and are rarely caught in
the reservoir except occasionally during the dry season when the
water level is low. High gills trace metal levels have been reported
for catfish (Clarias gariepinus) from Ikpoba and Ogba Rivers [11]; A.
anguilla from K6ycegiz Lake in Turkey [36]; and in Cyprinus carpio
[32].

Trace metals in the intestine of fishes is related to the diet and
feeding behaviour of fishes [4,11]. Trace metals levels recorded in
the intestine of fish studied shows no discrimination with regard to
fish species. This may support the view that intestinal levels reflect
diet, as three of the five species analysed have similar diets being
omnivorous except for M. senegalensis and H. odoe whose major
diets are insect larvae and fish respectively. The low level of trace
metals detected in the intestine may suggest that food source plays
a less important role in trace metal uptake for fish species in Aiba
Reservoir.

Muscle, an edible portion of fish that plays an important role
in human nutrition, has been reported to have the lowest concen-
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tration of metals except for mercury [4] compared to other organs
[17,18,28,36,48-51]. Fish muscle exhibited the least mean concen-
tration of all fish organs studied. This contrasts with a study on three
fish species from Lake Balaton, Hungary [16], where muscle levels
of Hg were higher than for gills and liver. Mbabazi and Wasswa
[52] explained that the low level of Pb in fish muscle compared to
ambient water is the relatively low rate of its binding to —SH groups
and the low solubility of lead salts that restrict movement across
cell membranes.

The result shows that the edible portion (muscle) of all fish
studied have low levels of trace metals, although noticeable levels
especially of Cd and Pb were recorded from kidney and liver tis-
sues. This study supports earlier reports that some trace metals are
rarely distributed uniformly within fish body tissues and are there-
fore accumulated by particular target organs [7] such as liver and
kidneys [9]. Due to the nutritional benefits of fish, periodic moni-
toring of aquatic environments and its biota has been suggested to
avoid excessive intake of trace metals by humans from consump-
tion of fish and other aquatic biota [19,53,54]. Abolude et al. [55]
also suggested reduction in farming activities around reservoirs in
order to reduce excessive discharge into the water body.

Variationin the level of trace metals among different fish species
inhabiting the same aquatic environment has been attributed to
differences in foraging habits [17], behaviour and habitat [56].
Although, Mokhtar et al. [57] opined that it is difficult to compare
similar tissue concentration of heavy metals from different species
due to factors such as physiological tolerance, body reaction and
regulatory mechanisms, however, differences in the levels of trace
metals in different tissues of organisms may be attributed to their
tendency to bind to specific cellular molecular groups and to the
metabolic characteristics of such tissues [48]. This study suggests
that such ability may be species specific in some instances.

Differential accumulation of trace metals in fish organs from
a single freshwater body regardless of ambient levels may sug-
gest different regulatory strategies by fish; consequently making
fish good indicators of trace metal contamination of freshwaters.
Moreso, reduction of accumulation of non-essential trace metals
in some taxonomic groups may be a physiological mechanism for
metal resistance and adaptation. Although sample size for this
study is rather small, this paper suggests that rarely caught fish may
be better indicators of freshwater contamination through the gills
while L. senegalensis (Cyprinidae) and O. niloticus (Cichlidae) accu-
mulate trace metals in the liver through strategies not necessarily
related to taxonomic distinctness and foraging habits.
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