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Abstract

Heavy metal pollution is one major environmental challenge for aquatic ecosystems. Heavy
metal pollution of lakes and subsequent accumulation in the tissues of fish inhabiting the lakes
impair use of the lake water and constitute a public health hazard for consumers of fish from the
lakes. We investigated the concentrations of Chromium (Cr), Copper (Cu), Iron (Fe), Lead (Pb),
and Zinc (Zn) in the water and muscles of fish from the Ogelube and Ojii Lakes of Southeastern
Nigeria using an Atomic Absorption Spectrometer (AAS). All the heavy metals tested except Cu
were detected in both lakes at concentrations exceeding the permissible limits according to WHO.
In the Ojii Lake concentrations of tested elements were not significantly higher than in Ogelube
Lake, except for Cu and Zn, which were at similar levels in both lakes. Lead (Pb) was not
detected in the fish muscles regardless of the lake. In Ogelebu Lake, the concentrations of Fe
were significantly higher in Hepsetus odoe than Coptodon zillii (p < 0.05). In Ojii Lake, the
concentrations of Cr were significantly higher in C. zillii than H. odoe while the concentrations of
Fe were significantly higher in H. odoe than C. zillii (p < 0.05). All elements tested in fish
muscles were at safe levels for human consumption according to FAO.

Introduction

Industrial revolution across the globe has heightened water pollution
and good quality water bodies are scarce (EKUBO and ABOWEI 2011, TITWARI
2015). Water pollution has become a major global problem and is worse in
developing nations due to lack of surface water quality protection mea-
sures and poor sanitation (LONGE and OMOLE 2008). Among water pollut-
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ants, heavy metals are of prime concern due to their toxicity and ability to
bioaccumulate in the tissues of fish (CENSI et al. 2006). Heavy metals from
industrial, agricultural, and domestic sources constitute serious pollut-
ants in aquatic ecosystems and a threat to fish life globally (DIAGOMANO-
LIN et al. 2004, STORELLI et al. 2005, VOELZ et al. 2005, AKOTO et al. 2008,
JIBIRI and ADEWUYI 2008).

Fish can accumulate heavy metals in their tissues and serve as bioin-
dicators of heavy metal contamination in aquatic ecosystems (RASHED
2001, KARADEDE-AKIN and UNLU 2007, SIVAPERUMAL et al. 2007, YIL-
MAZ et al. 2007, LASHEEN et al. 2012, ZHAO et al. 2012, ANNABI et al. 2013).
Fish also form a significant proportion of the human diet (RASHED 2001,
SIOEN et al. 2007). In Nigeria, fish constitutes approximately 40% of the
animal protein in human diets (ATTA et al. 1997). However, bioaccumula-
tion of heavy metals in fishes impair their values to human nutrition and
risk the public health (AL-KHATEEB and LEILAH 2005, CASTRO-GONZA-
LEZ and MENDEZ-ARMENTA 2008, HASHIM et al. 2014, BAWURO et al. 2018).

Ogelube and Ojii Lakes are tropical freshwater habitats located at
Opi-Agu in the valley of the Uhere River, north-east of Nsukka, Enugu
State, Nigeria. Fishes abound in Ogelube and Ojii Lakes (ONAH et al.
2022) and supply the local residents with food. The lakes are surrounded
by agricultural lands and important for pastoral activities and sand min-
ing in and around the lakes (ONAH et al. 2022), all of which constitute
sources of heavy metals to the lakes. The lakes are the closest waterbodies
to the University of Nigeria Nsukka and as a result have been a centre of
research from various disciplines interested in freshwater bodies and their
biotic community. Several studies have been conducted to evaluate the
heavy metal contents of lakes and their fishes across Nigeria (SAMBO et al.
2014, UMUNNAKWE and AHARANWA 2014, JENYO-ONI and OLADELE 2016,
ADEBAYO et al. 2017, AYOADE and NATHANIEL 2018, BAWURO et al. 2018,
MATOUKE and ABDULLAHI 2020, UTETE and FREGENE 2020). However,
despite the anthropogenic activities in and around Ogelube and Ojii Lakes
that supply heavy metals to the lakes and the locals depending on the
lakes for fish food, no research to the best of our knowledge has been car-
ried out to determine those elements in the water and fish. These knowl-
edge gaps threaten the public health of the locals who consume the fish
from the lakes, irrigate their crops with the lake water, and the herds of
cattle that regularly drink the lake water. Lack of this knowledge hampers
policy advice and public health campaigns of the lakes. Therefore, the
objective of this study was to determine the levels of heavy metals in
the lake water and major fishes of the lakes.
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Materials and Methods

Study area

Opi-Agu Community is situated north-east of the city of Nsukka in
Enugu State, Nigeria, between Latitudes 6°42'—-6°47' N and Longitudes
7°28-7°33" E. Lake Ojii (6°42'10.7" N, 7°32'52.9" E) and Lake Ogelube
(6°45'16.12" N, 7°29'26.9” E) (Figure 1) are located in the valley of the
Uhere River, north-east of Nsukka, Enugu State (OZOKO 2015). The lakes
do not have permanent rivers feeding into them. Sources of water to the
lakes are groundwater, rainfall, and runoff from farmlands, and during
the wet season the lakes overflow through the sloping northern end.

Collection of water samples

The two lakes were each divided into three stations, based on natural
features of the lakes. For Lake Ojii, Station 1 was situated at the shallow
end of the lake, with limited vegetation cover and runoff during heavy
rainfall. Station 2 had extensive vegetation cover and was located between
Station 1 and 3. Station 3 was in the middle of the lake, had no vegetation
cover and was exposed to direct sunlight. For Lake Ogelube, Station 1 was
situated at the southern or overflow end of the lake with good vegetation
cover, shade, and runoff during heavy rainfall. Station 2 was situated in
the middle of the lake with less vegetation cover and less shade than Sta-
tion 1. Station 3 was situated at the northern end of the lake and had no
vegetation cover or shade.

Water samples were collected from Ogelube and Ojii Lakes monthly
for six months from June to December 2018. Water samples were collected
from each sampling station using 150 ml plastic containers. The contain-
ers were washed with nitric acid and dried to remove any contaminants.
The water samples were transported and analysed separately for heavy
metals immediately at the Energy Research Centre Laboratory, Univer-
sity of Nigeria Nsukka. In total eighteen water samples were collected for
six months from each lake.

Fish collection and identification

Two species of fish, Coptodon zillii and Hepsetus odoe, were selected for
analysis of heavy metal accumulation in the muscles. Coptodon zillii was
chosen because it is the most abundant fish in the lakes and an omnivore,
while Hepsetus odoe was chosen because it is a carnivore and the most pre-
ferred fish by consumers, both fishes are of commercial value to the locals.
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Fishes were collected using a cast net with a 30—80 mm stretched mesh.
For each lake, two adult fishes (1 each for C. zillii and H. odoe) were col-
lected each month for 6 months (June — August; October — December).
The mean total length (TL) of the fishes were 14.20 +2.37 cm for C. zillii
and 17.57 £0.74 for H. odoe. Twenty-four (24) fishes were analyzed in total,
12 for each species. Thereafter, they were euthanized by severing the spi-
nal cord, labeled, and placed in sealed plastic bags in a cooler pack con-
taining ice and immediately taken to the Energy Research Center Labora-
tory, University of Nigeria Nsukka for analysis. The fishes were identified
using keys by BABATUNDE and AMINU (2004) and the identities further
confirmed by a fishery biologist in the Department of Zoology and Environ-
mental Biology, University of Nigeria Nsukka.

Determination of heavy metals in the water

Heavy metals including: Chromium (Cr), Copper (Cu), Iron (Fe), Lead
(Pb) and Zinc (Zn) were analyzed in this study. The concentrations of
heavy metals in each water sample were determined using an Atomic
Absorption Spectrometer (AAS). A sample of 1 ml from each of the water
samples was measured into a digestion flask and 30 cm? of aqua regia
added and digested in a fume-cupboard until a clear solution was obtained.
Thereafter, the solution was cooled, filtered, and made up to 50 ml in
a standard volumetric flask with deionized water. A blank sample was
prepared to zero the AAS; an instrument used for the analysis before
re-running other series of samples. Standards (2 ppm, 4 ppm, and 6 ppm)
were prepared from a 1000 ppm stock solution of the metals and used to
plot the calibration curve. The calibration curve was plotted automatically
by the instrument using the formula:

CI.VIZCZ.VZ’
where:
C, = 1000 ppm
Cy=2 ppm.

A volume of 0.2 ml was pipetted from the 1000 ppm solution, put into
a 100 ml flask and diluted to the mark with deionized water. These proce-
dures were used in the preparation of 4 ppm and 6 ppm solutions. High
temperatures produced in the ignition chamber provided enhanced reduced
settings for atomization of the heavy metals. Each standard was aspirated
with an aspirator by nebulizer; converted into an aerosol, mixed with the
glass, and converted into atomic form. All the standard solutions were
analyzed, and the calibration curve plotted automatically for the metals of
interest. Each metal was analyzed with the standard using adequate
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wavelengths after which its concentration was generated automatically by
the instrument. The heavy metal concentrations of the three sampled sta-
tions for each month were averaged and the results presented as Mean + SE.

Determination of heavy metals in fishes

Samples of fresh fishes were washed under tap water and drained.
Thereafter, the muscles of the fishes were removed using a sharp knife.
The muscles were chosen for heavy metal analysis because they are
the most edible part of the fish (KESKIN et al. 2007, HASHIM et al.
2014). Fleshes were dried to a constant weight in an oven at 105°C,
grounded to powder using a ceramic mortar and pestle then sieved through
a 20 pm mesh according to SAMBO et al. (2014). Thereafter, 1.0 g each of
the dry and ground fish samples were digested in 10 cm? concentrated
nitric acid. The digestates were diluted with 1% HCI. Concentrations
of the heavy metals were determined by AAS (APHA 1998). Heavy metal
determinations were replicated 3 times for Coptodon zillit and Hepsetus
odoe for each lake. The concentrations of the heavy metals in each fish
species were averaged and results presented as Mean + SE.

Statistical analysis

Data were analysed using Statistical Packages for Social Sciences
(SPSS) (version 21.0, IBM Corporation, Armonk, USA) and Paleontologi-
cal Statistics (PAST) software version 3.21 (HAMMER et al. 2001). Heavy
metal concentrations of the water bodies were not normally distributed, so
the spatiotemporal properties of the water bodies were compared using
the Mann—Whitney U-tests and Kruskal-Wallis H-tests.

Results

Heavy metal concentrations in the Ogelube and Ojii Lakes

Heavy metals fluctuated in water samples across the months studied.
In Ogelube Lake, the concentrations of Cu were significantly higher in
July than June and October (p = 0.0112, n = 54, Table 1). Similarly, the
concentrations of Fe were significantly higher in July than June, Novem-
ber and December (p = 0.0045, n = 54, Table 1). In Ojii Lake the concentra-
tions of Fe in July were significantly higher than the rest of the months
(p = 0.0001, n = 54, Table 2). Concentrations of heavy metals were higher
in Ojii Lake than Ogelube Lake except for Cu and Zn, which were similar
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in both lakes. However, detected differences in the concentrations of the
studied elements were not statistically significant (Table 3).

Monthly variations in heavy metal concentrations in Ogelube, Opi Lake [mg/l] fablet
Metal June July August October November December
Cr 0.04 £0.03% | 0.04 £0.02¢ | 0.04 £0.02¢ | 0.05 +0.02¢ | 0.07 £0.04¢ | 0.03 +0.03¢
Cu | 0.02+0.01¢ | 0.06 £0.01° | 0.03 £0.00% | 0.01 £0.01¢¢ | 0.04 £0.019% | 0.03 +0.01%®
Fe 0.38 £0.07% | 0.79 £0.11% | 0.57 £0.13% | 0.69 £0.04%® | 0.39 £0.08% | 0.40 £0.08%
Pb 0.06 £0.04% | 0.11 £0.06% | 0.25 +£0.07% | 0.08 £0.04% | 0.08 £0.04% | 0.08 +0.04¢
Zn 0.07 +£0.04% | 0.06 +£0.01¢ | 0.11 +0.04¢ | 0.04 +0.01¢ | 0.03 +0.01¢ | 0.03 +0.01¢

Means of heavy metals in a row across the months with different superscripts are significantly
different (p < 0.05).

Monthly variations in heavy metal concentrations in Ojii, Opi Lake [mg/1] fable 2
Metal June July August October November | December
Cr 0.10 £0.03¢ | 0.02 £0.01¢ | 0.08 +£0.06% | 0.04 +0.01¢ | 0.22 £0.11¢ | 0.15 +0.10¢
Cu 0.01 £0.00¢ | 0.03 £0.01¢ | 0.05 £0.01% | 0.01 £0.01¢ | 0.05 £0.02¢ | 0.03 +£0.02¢
Fe 0.32 £0.07¢ | 1.19 £0.09° | 0.52 £0.10% | 0.51 £0.09% | 0.46 £0.06% | 0.40 +0.03%
Pb 0.14 £0.04% | 0.22 +£0.05% | 0.17 £0.04% | 0.14 +0.04% | 0.08 £0.04% | 0.11 +0.04%
Zn 0.02 £0.00¢ | 0.14 £0.04¢ | 0.08 +£0.04% | 0.02 +0.01¢ | 0.03 £0.01¢ | 0.09 +0.05%

Means of heavy metals in a row across the months with different superscripts are significantly
different (p < 0.05).

Table 3
Mean heavy metal contents in water samples of Ogelube and Ojii Lakes
compared with the literature data
Lakes Cr [mg/l] | Cu [mg/l] | Fe [mg/l] | Pb [mg/l] |Zn [mg/l] References
Ogelube 0.05 0.03 0.54 0.11 0.06 present study
Ojii 0.10 0.03 0.56 0.14 0.06 present study
UMUNNAKWE and
* | _ - o _
Oguta 0.03-0.87 | 0.26-1.80 | 0.30-4.75 | 0.00-0.05 AHARANWA (2014)
Ibrahim
3.35 0.75 — 0.81 1.64 SAMBO et al. (2014)
Adamu
Man-made AYOADE and NAT-
hadan 0.01 0.05 0.81 0.08 - HANIEL (2018)
.. JENYO-ONI
Asejire - - 0.01 0.015 - and OLADELE (2016)
Oguta - - 0.17 - - ADEBAYO et al. (2017)
Asejire — - 0.02 0.05 — OLADELE et al. (2018)
Permissible | o5 2.00 0.50 0.01 0.05 | WHO (2011)
values

* Only ranges are available; (-) not analysed.



58 Oma Judith Ajanwachukwu et al.

Seasonal variations in heavy metal concentrations of Ogelube
and Ojii Lakes

The heavy metal contents of Ogelube and Ojii lakes varied between
the seasons. In Ogelube Lake, only Zn was significantly higher in the wet
season than the dry season (p < 0.05, Table 4) while in Ojii Lake, only
Fe was significantly higher in the wet season than the dry season (p <0.05,
Table 4).

Seasonal variations in heavy metal concentrations in the studied Lakes fabled
Ogelube Lake Ojii Lake
Element wet season | dry season wet season | dry season
[me/l] I I I ) mgny | el

Cr 0.04 +£0.01 0.05 £0.02 0.64 0.07 +£0.02 0.14 £0.05 0.21
Cu 0.04 £0.01 | 0.03 £0.01 0.30 0.03 £0.01 | 0.03 £0.01 1.00
Fe 0.58 £0.07 | 0.50 +0.05 0.32 0.67 £0.09 | 0.45 +0.04 0.02*
Pb 0.14 +£0.04 0.08 +0.02 0.20 0.18 +£0.03 0.11 +0.02 0.07
7n 0.08 £0.02 0.04 £0.00 0.03* 0.08 +0.02 0.05 £0.02 0.25

* p-values < 0.05 indicate significant difference between wet and dry seasons.

Concentrations of heavy metals in fish muscles

In Ogelube Lake, the concentrations of Fe were significantly higher in
H. odoe than C. zillii (P < 0.05, Table 5). In Ojii Lake, the concentrations
of Cr were significantly higher in C. zillii than H. odoe, while the concen-
trations of Fe were significantly higher in H. odoe than C. zillii (P < 0.05,
Table 5).

Table 5
Concentration of heavy metals in fish muscles [mg/kg dry weight]
Ojii Lake Ogelube Lake
Element fish species fish species FAO
Coptodon | Hepsetus p-values Coptodon | Hepsetus p-values (1989)
zilliv odoe zillit odoe
Cr 0.23 £0.01 | 0.06 +0.00 <0.01* 0.25 £0.06 | 0.25 +0.01 1.00 0.50
Cu 0.20 £0.01 | 0.19 +0.01 0.67 0.14 £0.01 | 0.17 +0.02 0.32 30.00
Fe 0.13+0.01 | 0.24 £0.00 | <0.01* | 0.17 +0.01 | 0.24 +0.02 0.02* -
Pb <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 0.50
Zn 0.18 £0.00 | 0.28 +0.01 0.15 0.18 £0.00 | 0.22 +0.04 0.30 30.00

* p-values < 0.05 indicate significant difference between Coptodon zellii and Hepsetus odoe
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Discussion

The heavy metals: chromium, copper, iron, lead, and zinc were detected
in the Ogelube and Ojii Lakes. The values of 0.05 mg/l and 0.1 mg/l recorded
for Cr in Ogelube and Ojii lakes respectively in this study are lower than
0.87 mg/l in Oguta Lake and 3.35 mg/l in Ibrahim Adamu Lake but higher
than 0.01 mg/l in Man-made Lake in Ibadan. In the Ogelube Lake Cr was
at the WHO (2011) permissible value of 0.05 mg/l, while in the Ojii Lake
Cr at a value of 0.10 + 0.03 mg/l exceeded the permissible value (Table 3).
The concentrations of Pb in both lakes are higher than the values recorded
in Oguta Lake, Man-made Lake in Ibadan and Lake Asejire but lower
than the values recorded in Ibrahim Adamu Lake (Table 3). Both studied
lakes were polluted by Fe, Pb, and Zn. The mean values recorded for these
elements slightly exceeded the permissible values established by WHO
(2011) — Table 3. Heavy metal pollution in the lakes may be the result
of agricultural runoff and domestic wastes washed down into the lakes
(SIVALINGAM et al. 2021, SOJKA et al. 2022). Runoff during the rainy sea-
son from agricultural lands into the lakes probably affected significantly
higher concentrations of Fe and Zn, respectively in Lakes Ojii and Oge-
lube, in the wet than the dry seasons (Table 4).

Concentrations of Cr in the fish muscles ranged from 0.06 mg/kg in
H. odoe from Ojii Lake to 0.25 mg/kg in H. odoe from Ogelube. The values
of Cr in the fish muscles were higher than 0.0038 mg/kg recorded by
JENYO-ONI and OLADELE (2016) in Lake Asejire, Oyo State, Nigeria from
a related species of tilapia (Oreochromis niloticus). In Oguta Lake, Imo
State, Nigeria, UMUNNAKWE and AHARANWA (2014) did not detect Cr in
Tilapia sp. However, the values of Cr in the fish muscles were lower than
2.77 mg/kg recorded by SAMBO et al. (2014) in Ibrahim Adamu Lake,
Jigawa State, Nigeria for tilapia species (O. niloticus). The fish muscles
are not considered polluted with Cr because the mean values recorded are
lower than the 0.05 mg/kg permissible limit determined by FAO (1989) —
Table 5.

The lowest and highest concentrations of Cu were recorded in muscles
of C. zillit and ranged from 0.14 mg/kg in Ogelube to 0.20 mg/kg in Ojii
Lake. These values are visibly higher than 0.07 mg/kg recorded by UMUN-
NAKWE and AHARANWA (2014) for Tilapia sp. in Oguta Lake, Imo State,
Nigeria, but lower than 0.30 mg/kg recorded by SAMBO et al. (2014) in
tilapia fish (O. niloticus) from Ibrahim Adamu Lake, Jigawa State, Nige-
ria and with ranges of 0.15-11.27 mg/kg recorded by BAWURO et al. (2018)
for the flesh of tilapia fish from lake Geriyo, Adamawa State, Nigeria. The
values of Cu recorded in the lakes in this study are lower than the maxi-
mum permissible value of 30.00 mg/kg given by FAO (1989) — Table 5.
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The concentrations of Fe in the fish muscle ranged from 0.13 mg/kg in
C. zillii from Ojii Lake to 0.24 mg/kg in H. odoe from Ojii Lake. These val-
ues are lower than 21.17 mg/kg recorded by UMUNNAKWE and AHARANWA
(2014) in the muscle of tilapia fish from Oguta Lake, Imo State, Nigeria,
and 7.43 mg/kg recorded by JENYO-ONI and OLADELE (2016) and OLADELE
et al. (2018) for tilapia fish (O. niloticus) from Lake Asejire, Oyo State,
Nigeria.

Pb was not found in the muscles of fish from either lake. This observa-
tion agrees with the findings of UMUNNAKWE and AHARANWA (2014) who
did not detect Pb in the muscles of Tilapia sp. from Oguta Lake, Imo State,
Nigeria. However, SAMBO et al. (2014), JENYO-ONI and OLADELE (2016),
BAWURO et al. (2018) and OLADELE et al. (2018) recorded Pb values of
0.27 mg/kg, 0.05 mg/kg, 0.01-3.78 mg/kg and 0.05 mg/kg, respectively in
tilapia (O. niloticus) from lakes in different parts of Nigeria.

The concentrations of Zn in the fish muscles ranged from 0.18 mg/kg
in C. zillii from both lakes to 0.28 mg/kg in H. odoe from Ojii lake. These
values are lower than 0.87 mg/kg and in the range 4.48-5.06 mg/kg
recorded by SAMBO et al (2014) and BAWURO et al. (2018) in the muscles of
tilapia (O. niloticus) from Ibrahim Adamu Lake, Jigawa State, Nigeria
and Lake Geriyo, Adamawa State, Nigeria, respectively. The mean values
of zinc recorded in the fishes from both lakes were lower than 30.00 mg/kg,
which is the permissible limit recommended by FAO (1989) — Table 5.

Conclusions

This study provides baseline data on the status of several heavy metal
elements in the Ogelube and Ojii lakes and fishes inhabiting these lakes.
Lakes Ogelube and Ojii are polluted with heavy metals, but the fish are
safe for consumption because the concentrations of the heavy metals in the
muscles of the fish are lower than the maximum permissible limit as deter-
mined by the World Health Organization. Consuming fish from these lakes
does not pose a public health risk from heavy metal contamination to the
local residents. However, the lakes may be a health risk to herds of cattle
that constantly drink the lake water. In addition, the use of the lake water
to irrigate crops in the nearby farmlands may lead to accumulation of
heavy metals in cultivated crops. Activities that add heavy metals to the
lakes such as use of chemical pesticides in the nearby farmlands and
dumping of refuse into the lakes should be discouraged to minimize fur-
ther contamination of the lakes with heavy metals.
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