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Abstract The Barekese reservoir has seen persistent
degradation for decades through anthropogenic activities
within its catchment. In spite of this, heavy metal pollution profile of fish species of the reservoir is not well
studied. Total concentrations of Hg, Cd, Ni, and Cr were
analyzed in muscle tissues of 45 edible fish species
comprising (Tilapia zilli, Oreochromis niloticus, and
Heterotis niloticus) from the reservoir. The examined fish
species showed varying bioaccumulative factors for detected metals. A PCA biplot revealed that Cd showed
association with all examined fish species used in the
study indicating that Cd in the reservoir is biologically
available for uptake by all examined fish species. A
dendrogram of cluster analysis also revealed that Cd
and Cr are in one cluster indicating their associations
and similarities to a common anthropogenic source. The
study suggests that anthropogenic activities are possible
sources of heavy metal pollution in the Barekese reservoir
and, hence, the examined fish species could be used to
monitor the levels of Ni, Cr, Hg, and Cd in the reservoir.
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Introduction
Heavy metals contamination in various biological environmental matrices can result from a variety of lithogenic
and anthropogenic sources (Bauvais et al. 2015). Atmospheric deposition and geologic weathering, as well as
discharge of agricultural, municipal, residential, or industrial waste introduce heavy metals into the environment especially the aquatic ecosystem (Maier et al.
2015). Aquatic organisms such as fish can accumulate
heavy metals to toxic levels and therefore can be used
quantitatively to assess the biotic response to environmental stress (Vijayanand et al. 2009).
Quantitative analysis of heavy metals in water does
not clearly explain the bioavailability as well as their
ecotoxicity, which could affect the ecological balance of
population in the aquatic environment (Javed et al.
2015). Fish has therefore been used as bioindicators in
aquatic ecosystems and their metals accumulation levels
have become a reliable indicative measure for estimation of metal pollution in such environments (Taweel
and Ahmad 2011). Fish accumulate both essential and
toxic metals in the aquatic ecosystem; hence, regular
monitoring of fish tissue contamination becomes important in providing signal for related water quality problems (Murtala et al. 2012).
Accumulation of metals in the Barekese reservoir,
owing to the artisanal mining activities along the Offin
River and the predominant use of agro-chemicals by
farmers within the reservoir’s catchment, could increase
to toxic levels. This effect could pose threat on the
quality of fish as well as other aquatic organisms of
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the reservoir. Despite the possible sources of metals
pollution in the reservoir, bioaccumulation capacity of
fish species in the reservoir is still not well studied. The
present study, therefore, seeks to determine the concentrations of bioaccumulation factors of most abundant
and highly consumed edible fish species (Oreochromis
niloticus, Tilapia zilli, and Heterotis niloticus) for mercury (Hg), nickel (Ni), chromium (Cr), and cadmium
(Cd) in the reservoir and use multivariate analysis to
predict the possible sources of metals pollution of the
Barekese reservoir.

Materials and methods
Figure 1 shows the map of the study area. The Barekese
is remarkable for a major rainfall occurring from midMarch to July. A minor rainfall in the area occurs
between the months of September and mid-November.
The reservoir does not only serve as the major source of
pipe borne water to the Kumasi metropolis and its
environs but also as a major source of fish on commercial scale (Kumasi et al. 2007). Despite the importance
of the Barekese reservoir to the inhabitants within the
catchment, the reservoir has seen persistent degradation
through human activities both within its catchment, as
well as the artisanal mining along the Offin River
(Kumasi et al. 2007). The reservoir lies in a moist
semi-deciduous forest and the forest vegetation provides
livelihood for populate within the catchments through
subsistence farming (Gyampoh et al. 2009).
Sampling and sample pretreatment
Water samples
Twenty water samples were collected from the Barekese
reservoir in Kumasi, Ghana, using the angler’s rowboat. The position of the sampling points within the
reservoir was located using a hand-held geographical
position system (GPS). A representative sampling of
water was well considered and ensured. Collected water
samples were kept in well-washed 1 L polyethylene
bottles. At each sampling points, the sampling bottle
was rinsed three times with the reservoir water and
immersed 10 cm below the water surface for sample
collection. Each water sample was divided into two
portions for the analysis of dissolve and total metal
concentrations. Physicochemical parameters of water

samples were measured using the facilities at the Central
Laboratory of Ghana Water Quality Assurance Department, Kumasi within 24 h after sampling.

Digestion of water samples
For total recoverable metals, acid digestion of water
samples was done following the EPA Method 3005. A
50-mL aliquot of a well-mixed acidified water sample
was transferred into 100 mL Pyrex beakers. Two milliliters of concentrated HNO3 and 1 mL of concentrated
HCl were added. The water samples were heated until
the volume reduced to about 30 mL. The hot water
samples were allowed to cool filtered through a
0.45-μm filter paper, to remove suspended particles,
into 50 mL volumetric flasks. Solution was topped up
with double distilled water to the mark. The digested
samples were transferred into a sterile screw capped
plastic containers labeled and stored at 4 °C for total
metal analysis.

Fish samples
Forty-five fish samples of Oreochromis niloticus (Nile
tilapia), Tilapia zilli (Red belly tilapia), and Heterotis
niloticus (Bony tongue) were purchased from fisher
folks at the landing site of the reservoir. Fish samples,
wrapped in clean polyethylene bags, were kept frozen in
an ice chest, transported to the laboratory, and kept in a
deep freezer until the day for laboratory analysis. The
length and weight of fish samples were measured to
estimate the coefficient of condition of fish samples.
The coefficient of condition (K) of fish species was
determined using Eq. 1;
K¼

100W
L3

ð1Þ

where W is the fresh weight of fish in grams; L is the fork
length of fish measured in cm.
The frozen fish samples were placed on a sterile
plastic board, allowed to defrost, washed with distilled water. Edible muscle tissues were removed
from the dorsal portions of each fish sample into
different sterile containers with using a sterile dissection knife. The content was homogenized and a
portion was taken for digestion.
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Fig. 1 Location of Barekese reservoir, dam and catchment area with Offin River drainage. Source: Gyampoh et al. 2009

Digestion of fish samples
Fish samples were digested for total metal determination
using the method develop at the National Institute for
Minamata Disease (NIMD) in Japan by Akagi and
Nishimura, 1991 (Oppong et al. 2010). A 1.0 g portion
of each of homogenized fish sample was accurately
weighed into different digestion tubes. Two milliliters
of distilled water added followed by 2 mL HClO4HNO3 (1:1 v/v) and 5 mL H2SO4 and the mixture heated
at a temperature of 200 °C for 30 min in a clean fume
chamber. The sample solution was cooled, filtered using
ash-free quantitative filter paper (Whatman No. 41,
Whatman International Ltd., Springfield, Kent, England) into a 50-mL volumetric flask and topped with
double distilled water to reach the mark. Dilute solutions
were then transferred into a sterile screw capped plastic
containers labeled and stored at 4 °C until needed for
analysis.
Heavy metal analysis
The concentrations of metals (Hg, Ni, Cr, and Cd) in
water and fish samples were determined using Perkin
Elmer PIN Accle 900T Graphite Atomic Absorption
Spectrophometer. Determination of Hg in all samples

were carried out using electrodeless discharge lamp
(EDL) coupled with flow ingestion assemble system
(FIAS) while analyses of other heavy metals were done
using hollow cathode lamp (HCl).
Quality assurance
All chemicals and standard stock solutions were products of Sigma-Aldrich, Germany. All reagents conform
to the specifications of the committee on Analytical
Reagent grade of American Chemical Society unless
otherwise stated. Double distilled water was used for
the preparation of all solutions. Calibration of the AAS
was based on a linear five-point calibration curves with
r2 values between 0.999 and 1.000 for each element.
Calibration verification was performed by analyzing a
standard solution and a blank solution after every five
sample analysis. The accuracy of the analytical method
used was evaluated by analysis of certified reference
material (CRM), ISE 999, for Hg, Ni, Cr, and Cd.
Triplicate measurements were done for all samples to
ensure precision with relative standard deviation
(RSD) ≤ 4%. Detection limits (DL) were determined
using elemental standards in dilute aqueous solution.
The DL for each metal based on a 98% confidence level
(3 standard deviations) in mg/L were Cd (0.002), Cr
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(0.004), and Ni (0.07). The DL of Hg was 9.0 pg.
Concentrations of all heavy metals and metalloid in
the study were expressed in mg/L.
Bioaccumulation factor of fish
The affinity of the examined fish species to specific
heavy metals in the Barekese reservoir was estimated
in the study. To estimate the bioaccumulation factor, the
ratio of a specific metal’s concentration in samples of
fish species to the total concentration of the metal present in the water (Jayaprakash et al. 2015) was computed.
Statistical analysis
Data were analyzed using IBM SPSS 20.0 (SPSS Inc.,
IL) software. Mean of replicates and standard deviations
between analyzed metals levels in samples were estimated using one-way ANOVA. Results of testing were
considered significant at p ≤ 0.05. Principal components
provide information on the most meaningful parameters,
which describe whole data set affording data reduction
with minimum loss of original information. Principal
component analysis (PCA) and cluster analysis (CA)
were performed on the heavy metals detected in the
muscle tissues, of the examined fish species used in
the study, to identify the possible sources of pollution.
Score and loading plots explained by PCA could be
used to infer natural or anthropogenic sources of heavy
metal pollution. The relations between samples (fish
species) and that between variables (heavy metals) are
explained using the score plot and the loading plot
respectively. Superimposition of score plot and the loading plot results in a biplot, which shows the association
of the samples (examined fish species) with the variables (heavy metals). CA organizes variables into homogeneous groups in the form of a dendrogram where
variables within the same cluster exhibit associations
with each other and are dissimilar to variables in other
clusters (Muhammad et al. 2011).

Results and discussion
Coefficient of condition of fish
The value of coefficient of conditions (K) obtained for
all samples of the various fish species indicate that all
the fish samples used in the study were healthy (K > 1).
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Variation in the mean K among the different fish species
used in the study were statistically significant at p < 0.05
level (Table 1).
Statistical result inferred that although fish species
obtained from the Barekese reservoir used in the study
were in healthy conditions in their habitats, contaminants in their habitats could have adverse health effect
on fish from the reservoir. In fishery science, K is used
as a basis for comparing the health and physiological
conditions of fish in aquatic habitat (Sauliutė and
Svecevičius 2015). The coefficient of condition is also
useful in monitoring the feeding habit as well as
assessing the status of aquatic environment of the fish
(Anene 2005). Several studies have reported the adverse
effects of metals on the health condition of freshwater
fish. For example, Cd is known to alter the metabolism
of carbohydrates, causing hyperglycemia in freshwater
fish (Abbas and Ali 2007). In the present study,
Oreochromis niloticus recorded the highest mean coefficient of condition (2.60 ± 0.36) whereas Heterotis
niloticus recorded the lowest mean coefficient of condition value of 1.44 ± 0.68 in the study. Results from posthoc analysis showed that difference in mean coefficient
of condition between Oreochromis niloticus and Tilapia
zilli were not statistically significant (p = 0.06). The data
therefore showed that different fish species from the
Barekese reservoir display varying health stress in relation to metal contaminant effect.
Heavy metals concentration in muscles of fish species
The physicochemical characteristics and heavy metals
concentration of surface water from the reservoir are
summarized and presented in Table 3.
All muscle tissues of fish samples used in the study
recorded varying levels of analyzed heavy metals. Of
the 45 fish samples, used in the study, 6.67% of the fish
samples recorded levels of Hg below 0.5 mg/kg wet
weight, which is the recommended, value set by FAO/
WHO (2013). Variations of Hg levels detected in the
muscle tissues of examined species were statistically
significant at p < 0.05. Concentration of Cd in fish as
stipulated by the European Union (2005) is 0.05 mg/kg
wet weight. All 45 fish samples examined in the study
recorded concentrations of Cd above the EU set limit.
The decreasing order of magnitude of mean concentrations (wet weight) of Cd in muscles in examined fish
s p e c i e s i s H e t e ro t i s n i l o t i c u s > Ti l a p i a
Zilli > Oreochromis niloticus (Table 3). Mean
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Table 1 Range and mean ± SD of the physical characteristics of fish species from the Barekese reservoir (n = 15)
Fish species/characteristics

Length/cm

Fresh weight/g

Coefficient of
condition/gcm−3 (K)

Range

20.50–25.30

260.00–416.65

1.99–3.15

Mean ± SD

23.18 ± 1.94

322.27 ± 59.53

2.60 ± 0.36

Range

23.50–25.50

278.70–395-90

2.07–2.62

Mean ± SD

24.65 ± 0.75

346.86 ± 48.53

2.31 ± 0.22

Range

32.50–53.50

495.00–1582.55

1.03–1.82

Mean ± SD

37.10 ± 6.21

748.65 ± 318.54

1.44 ± 0.68

Oreochromis niloticus

Tilapia zilli

Heterotis niloticus

concentrations of Cd in the examined fish species in this
present study were statistically significant at p < 0.05
within the different species.
Wet weight mean concentrations of Ni recorded
among the fish species were in decreasing magnitude
order of Oreochromis niloticus > Tilapia zilli >
Heterotis niloticus (Table 3) with no statistical difference among fish species at p < 0.05. The United States
Food and Drug Administration, USFDA ( 1993) estimated the maximum guideline for Ni to be 70–80 mg/kg
wet weight. All 45 fish samples examined in the study
recorded Ni levels within the USFDA stipulated limit.
Concentrations of Cr recorded in all fish samples used in
the study were within the USFDA set limit of 12–
13 mg/kg wet weight. The wet weight mean concentrations of Cr in muscle tissues of examined fish species
were 7.00 ± 0.50 mg/kg, 6.93 ± 2.23 mg/kg and, 5.68 ±

Table 2 Mean ± SD of physicochemical characteristics and heavy
metals concentration (mg/L) of water from the Barekese reservoir
(n = 30)
pH

6.30 ± 0.90

Cond/μScm−1

219.05 ± 16.63

Turbidity/NTU

18.59 ± 1.72

Total dissolve solids/mgL−1

114.67 ± 41.88

−1

5.13 mg/kg for Oreochromis niloticus, Tilapia zilli, and
Heterotis niloticus respectively (Table 3) with no significant difference at p < 0.05.
Bioaccumulation factors of fish species
The mean concentration of metals in water and that
recorded in the muscles tissues of fish samples were
used to calculate the biological accumulation factor of
the various fish species. Variations in BAF (Table 4)
could help predict which fish species is most suitable in
monitoring heavy metal contamination levels in the
Barekese reservoir.
Mercury is a known toxicant with no proven biological importance (Akoto et al. 2014). The study revealed
that Hg in the Barekese reservoir is biologically available for the uptake by fish. The mean BAF for Hg were
statistically significant among the different fish species
at p < 0.05 level. Heterotis niloticus recorded the highest
B A F o f 12 1 .3 5 ± 6 6 .0 4 w h er e as th e l o w e s t
Oreochromis nilotcus recorded the lowest BAF of
Table 3 Mean concentrations of heavy metals (mg/kg) in muscles
of fish species from the Barekese reservoir (n = 15)
Heavy
metals

Fish species

Alkalinity/mgL

21.00 ± 8.94

Total hardness/mgL−1

35.80 ± 11.01

Bicarbonate/mgL−1

25.62 ± 11.43

Hg

0.01 ± 0.004

Hg

0.56 ± 0.03

0.91 ± 0.51

1.21 ± 0.66

Ni

0.10 ± 0.050

Ni

24.00 ± 0.03

18.45 ± 0.04

18.10 ± 5.13

Cr

0.01 ± 0.006

Cr

7.00 ± 1.50

6.93 ± 2.23

5.68 ± 5.13

0.08 ± 0.020

Cd

6.02 ± 1.03

6.09 ± 0.83

11.05 ± 7.85

Cd

Oreochromis
niloticus

Tilapia zilli

Heterotis
niloticus
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Table 4 Range and mean ± SD of biological accumulation factor (BAF) of fish species in the Barekese reservoir (n = 15)
Fish species/metal

Hg

Ni

Cr

Cd

Oreochromis niloticus
Range

38.50–77.00

105.50–340.00

510.00–1015.00

60.62–96.87

Mean ± SD

56.1 ± 11.01

238.95 ± 76.79

689.50 ± 149.82

75.19 ± 12.84

Range

44.50–207.00

56.50–304.50

315.00–1110.00

59.38–92.50

Mean ± SD

91.25 ± 51.17

184.45 ± 90.44

692.50 ± 223.12

76.12 ± 10.42

Tilapia zilli

Heterotis niloticus
Range

38.50–249.00

107.00–264.00

420.42–770.00

46.88–320.00

Mean ± SD

121.35 ± 66.04

181.00 ± 51.32

595.00 ± 109.42

138.13 ± 98.17

56.10 ± 11.01. Heterotis niloticus is a pelagic fish species, which is predominantly an omnivorous with a high
degree of trophic plasticity (Bake and Sadiku 2005).
However, post-hoc analysis result of the study showed
that the mean BAF between Oreochromis nilotcus and
Tilapia zilli was not statistically significant (p = 0.26).
Oreochromis nilotcus and Tilapia zilli are both herbivorous and exhibit similar trophic levels. In addition, the
mean BAF between Heterotis niloticus and Tilapia zilli
was not statistically significant (p = 0.36). Deduction
from the observed results could be that the phytoplankton in the reservoir could become secondary source of
Hg pollution to fish. Additionally, the pollution levels of
Hg in the Barekese reservoir could therefore be regularly monitored using Heterotis niloticus as bioindicator
species.
Nickel in a regulatory dose has a physiological function in many organisms. However, no studies describing
nickel essentiality and deficiency in aquatic invertebrates and fish (Abdel-Baki et al. 2011) are limited.
Several works have reported the toxicity of Ni on freshwater fish. For example, a study by Al-Attar on the
effect of Ni on Oreochromis nilotcus showed a remarkable decrease in serum sodium and osmolality while
serum, glucose, cholesterol, and aspartate aminotransferase were significantly increased (ATSDR 2015). The
mean BAF of Ni by the examined fish species from the
Barekese reservoir were in the order Oreochromis
nilotcus > Tilapia zilli > Heterotis niloticus (Table 4).
The mean BAFs were statistically not significant among
the examined species at p < 0.05 level. However, the
herbivorous fish species (Oreochromis nilotcus and Tilapia zilli) showed a relatively higher bioaccumulation
capacity than the omnivorous fish species (Heterotis
niloticus). The observed result of the study infers that

the phytoplankton such as macrophytes and algae in the
reservoir could possibly accumulate Ni, hence, increasing its concentration of uptake by the herbivorous fish
species. However, benthopelagic Oreochromis nilotcus
recorded a higher BAF than the bottom feeder Tilapia
zilli. This observation indicates that the pollution level
of Ni in the Barekese reservoir could regularly be monitored using Oreochromis nilotcus as the preferred
bioindicator.
Chromium enters aquatic environment through urban
runoff, improper disposal methods, and excessive agriculture activities (World Health Organization 1994).
Assimilation of Cr from the aquatic environment by
fish is mainly through ingestion or by the gill uptake
tract (Abari et al. 2015). The mean BAF of Cr for the
examined fish species from the Barekese reservoir is
presented in Table 4 with a decreasing order of magnitude Tilapia zilli > Oreochromis nilotcus > Heterotis
niloticus However, statistical difference between mean
BAF among the different fish species were not significant at p < 0.05 level. Results of the present study
showed that the herbivorous fish species (Tilapia zilli
and Oreochromis nilotcus) showed a relatively higher
bioaccumulation capacity relative to the omnivorous
fish species (Heterotis niloticus). However, Tilapia zilli,
which is a bottom feeder, recorded the highest BAF
indicating its preferred choice as a bioindicator for monitoring the levels of Cr in the Barekese reservoir.
The use of Cd containing agro-chemicals (fertilizer,
pesticides) and sewage sludge in farmland, could contribute to the contamination of water through runoff
(Melgar et al. 1997). Accumulation of Cd in muscles
tissues of fish resulting in several pathological changes
of freshwater fish have been studied (Raju et al. 2013).
The BAF of Cd for the different fish species from the
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Cd along the aquatic trophic levels and, hence, Heterotis
niloticus is considered as the preferred fish species in
monitoring the concentration of Cd in the reservoir.

Barekese reservoir is presented Table 4. Heterotis
niloticus recorded the highest mean BAF (138.13 ±
98.17) whereas Oreochromis nilotcus recorded the lowest BAF (75.19 ± 12.84). Differences in mean BAF of
Cd among the various fish species were statistically
significant at p < 0.05. Post-hoc analysis results revealed
a statistical significant difference (p = 0.043) between
the mean BAF of the herbivorous fish species
(Oreochromis nilotcus and Tilapia zilli) and the omnivorous fish species (Heterotis niloticus). Results from the
present study indicate that Cd in the Barekese reservoir
becomes biologically available for uptake by both zooplanktons and phytoplanktons in the reservoir. This
observation therefore results in the biomagnification of

Multivariate analysis of heavy metals with fish species
Four principal components with eigenvalues greater
than 1.0 (Kaiser Criterion) with a total contribution of
61.37% were extracted to identify the possible sources
of metals in the reservoir. In order to avoid misclassification of data due to differences in data dimensionality,
components analysis was applied on standardized data
through z-scale transformation (Kunwar Singh et al.
2004). The results of the loading plot of the study

D and D2: 661.37
Observattions (axes D1
max rotation
%))after Varim

a

c

2

O
Z
O H
O
OO Z Z
O
OH
H
O
H
Z H
H Z
Z Z
H
O
Z
H
HZ
O
H
Z

0

-1

-2
-2

0

-1

1

2

4
3

D2 (29.41 %)

1

D2 (29.41 %)

Biplot (axes D1 and D2: 61.37 %)
after Varimax rotation

Ni

2

OO H
O
N
Z
N
Z OCd
NLN NNLZ H H
Z

1
0

H
Z ZZ H
H Hg H Z
H

-1
-2

0

Cr
Z
O
Z

-3
-5

-4

-3

3

-2

-1 0
1
D1 (31.95 %)

2

3

4

5

D1 (31.95 %)

b

Variables (axes D1 and D2: 61.37 %)
after Varimax rotation

d

Dendrogram

1

Cd

Ni

0.75

D2 (29.41 %)

0.5

Cr

Cd

0.25
0

Hg
-0.25

Cr

-0.5

Hg

Ni

-0.75
-1
-1

-0.75

-0.5

-0.25

0

0.25

D1 (31.95 %)

0.5

0.75

1

0

2000

4000

6000

8000

Fig. 2 a Loading plot of PCA. b Score plot of PCA. c PCA Biplot. (O: Oreochromis niloticus; Z: Tilapia zilli; H: Heterotis niloticus). d The
dendrogram of clustering of heavy metals in fish species
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Table 5 Results by class
Class

1

2

Hg

Ni

3
Cr
Cd

revealed that Cd and Cr could have similar principal
source of pollution in the reservoir (Fig. 2). This observation suggests that human activities such as agricultural practices, wood logging, and improper waste disposal
within the Barekese catchment could contribute to the
observed levels of Cr, Cd, and Ni in the reservoir. In
addition, artisanal mining along the Offin River may be
the major source of Hg pollution in the reservoir. The
PCA score plot (Fig. 2b) helps to deduce the close
association of heavy metals with the examined fish
species in the reservoir. The PCA biplot (Fig. 2c) reveals
that Cd showed association with all examined fish species used in this study and confirms that Cd in the
reservoir is biologically available for uptake by all examined fish species. The associations of Hg with Tilapia
zilli and Heterotis niloticus is also in agreement with the
BAF of the fish species. Cluster analysis, based on the
existing similarities, provides a useful data for interpretation and pattern recognition. In this study, heavy
metals detected in muscle tissues of examined fish species were grouped into three clusters as shown in a
dendrogram (Fig. 2d). Cluster 3 revealed the high association of Cd and Cr (Table 5). Deduction from this
observation is the similarity in source of pollution of
Cr and Cd in the reservoir. Hg and Ni were in separate
clusters (2 and 1 respectively), indicating their dissimilarity sources of contamination. In addition, Hg’s dissimilarity with Cd and Cr indicates that the main source
of Hg pollution in the reservoir may originate from the
artisanal gold mining along the Offin basin. Ni pollution
in the reservoir is likely to be associated with farming
activities within the reservoir’s catchment, and further
provide a basis for predicting the predominant use of Ni
fertilizers for agricultural purpose within the reservoir’s
catchment.

Conclusion
A valuable data on bioaccumulation factors of heavy
metals by Oreochromis niloticus, Tilapia zilli, and
Heterotis niloticus has revealed that edible fish species
from the reservoir could accumulate Hg, Ni, Cr, and Cd

to toxic levels and hence become detrimental to other
organisms including humans. Multivariate analysis
established the association of metals to a common pollution source and that human activities along the Offin
River and the extensive use of agro-chemicals within the
catchments of the Barekese reservoir are deteriorating
the quality of the reservoir in relation to food safety.
Nonetheless, relevant questions, including source apportionment of metal pollutants, still need to be answered. Prospective human risk assessment study is
needed to estimate the adverse health effects association
with consumption of fish from the Barekese reservoir.
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