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ABSTRACT

This study aimed to assess the accumulation level of Cadmium (Cd), Zinc (Zn), Lead (Pb), Copper (Cu), Iron
(Fe), and Manganese (Mn) in two organs (gills and muscle) of two fish species (Ethmalosa fimbriata and
Chrysichthys macropogon) from four coastal towns (Ayetoro, Bijimi, Idiogba and Asumogha) of Ilaje Local
Government Area, Ondo State, Nigeria. Fish samples used were collected monthly for a period of four months
in the four stations using the gillnet with mesh sizes of 0.6cm, 1.0cm, 2.0cm, 3.0cm and 4.0cm throughout the
period of study. The samples were digested and heavy metal concentration was analyze using Atomic
Absorption Spectrophotometer (Model AA240FS). Concentrations of heavy metal in both species occurred in
the order: Fe>Mn>Zn>Cu>Pb>Cd. Heavy metal concentration was higher in the gills compared to muscles
where metabolic activity is relatively lower. Lead concentration in the samples across the four stations varied
from 0.328 to 0.923 mg/kg. Concentrations of Zn in samples of the two fishes ranged from 1.644+0.53 to
2.09540.26 while cadmium concentrations in muscle and gill of E. fimbriata varied from 0.003+0.00 to
0.355+0.41. Bio-accumulation of metal in E. fimbriata and C. macropogon from the study area shows aquatic

pollution.
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INTRODUCTION

Most toxic chemicals such as heavy metal, are mostly taken
in by fish both from the water and from their feed, in the case
of aquaculture this often leads to public health risks (Javed &
Usmani, 2019). Heavy metal as used in context refers to a
class of metals whereby its concentration in marine
environment also includes water bodies mainly due to
pollution caused by industries marred by disposal of raw
effluents into the rivers. It includes any metal or metalloid that
is of environmental concern.

The term ‘Heavy metal” was derived from negative impact of
Lead, Copper, Iron, Cadmium, Zinc and Manganese in
aquatic bodies inhabited by organisms where all these metals
are denser than iron. In general terms, it has also been used
for other toxic metals or even metalloids such as arsenic, as
regards to the density of such metals. Heavy metals present in
water mainly include Lead (Pb), Zinc (Zn), Copper (Cu), Iron
(Fe), Cadmium (Cd), Manganese (Mn) (Obasi & Akudinobi,
2020).

Fish are like living batteries that soak up metal pollutants and
are therefore used as bio-accumulators but have disadvantage
of comparison of metal concentrations between different sites,
where atomic absorption method has impaired the water
quality oh the samples were collected near or below
concentrations of the metals (Idris et al. 2022).

An indirect assessment of pollution in the marine environment
is the bioaccumulation of heavy metal in tissues or muscles of
some marine organisms (Saidon et al. 2024).

For this reason, it is very important to monitor the compliance
of fish muscle contamination with established standards as it
serves as an early warning indicator to assess heavy metal
contamination or other related water quality problems and
enable prompt actions to be taken to ensure safety of human
health and the ecosystem (Jiang et al., 2018). Singh et al.

(2017) have also demonstrated that concentration of metal
varied according to their species as accumulation was higher
in some species than others.

Fish have enjoyed being used as subjects for testing as they
are the most familiar organisms in the water and also due to
their utility to man as a source of food (Derby & Sorensen,
2008). Therefore, this study provides the level of
concentration of heavy metals in two fish species where E.
fimbriata and C. macropogon are of commercial value within
Ilaje Local Government Are of Ondo state. Yet, metal also
occurs in trace amounts from the environment and is
introduced through the ores, the dust resulting from the wind,
the plant that may have fire and the earth as well (Tadesse et
al. 2018).

This study was aimed at assessing the levels of heavy metals;
Pb, Cu, Fe, Cd, Zn, and Mn in gills and muscles of Ethmalosa
fimbriata and Chrysichthys macropogon found in the coastal
waters of llaje Local Government Area of Ondo State,
Nigeria, towards ecological protection. Heavy metals are
considered a natural trace ingredient of aquatic ecosystems
(Rahman et al., 2013) and in suspended marine waters they
are less concentrated as compared to the major cation and
anion toxicity and bioaccumulation of lead and cadmium in
marine, protozoa communities.

Apart from the natural sources of heavy metal pollution other
sources include anthropogenic or human mediated such as
industrial effluents from production, extraction, agricultural
and metal plating industries. Other anthropogenic source are
domestic waste waters, non-point and atmospheric
precipitation (Pandey & Kumari, 2023).

Nevertheless, enhancement has been observed as a result of
increased content of pollutants in the water bodies as well as
in the tissues of water inhabiting individuals particularly fish
(Kolarova & Napidrkowski, 2021). Despite some heavy
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metals being appreciated as essential macro and trace
elements especially at non adverse effect levels (Moghaddam
et al., 2020), such metals are capable of causing certain toxic
effects at levels which is common in a polluted setting.

Also, metals unlike many organic pollutants are capable of
being biopersistent in nature (Akram et al., 2023) and have a
tendency to bioconcentrate up the food chain (Saidon et al.
2024), with levels in the topmost links of the food chain being
higher than in the entire water column above them. In recent
years, there is increasing willingness to use these fishes in the
assessment of aquatic environmental systems integrity (Souza
& Vianna, 2020).

Pollution of the environment has come up as one of the most
important issues of science and society for more than fifty
years now (Alumona & Onwuanabile, 2019). Some of these
anthropogenic  poisonous substances are also non-
biodegradable, non-oxidizable and non-metabolizable, posing
a significant environmental pollutant challenge to these
compounds (Yusuf, 2021). Sustained exposure is likely to
cause constitutional disturbances to man and animals
including acute toxicity, cell (genetic) alterations, cancer and
birth defects of man and animals (Yarkwan et al., 2024).

MATERIALS AND METHODS

Study Area

The research was conducted in four coastal towns of llaje
Local Government Area, Ondo State (Ayetoro, Bijimi,
Idiogba, Asumogha). llaje Local Government Area is at the
extreme southern part of Ondo State. Ilaje Local Government
Area shares boundaries with Okitipupa Local Government
Area in the North; the Atlantic Ocean in the South; Ijebu
Waterside Local Government Area (Ogun State) in the West
and Delta state in the East. It comprises of several fishing
communities located within the river tributaries discharging
into the Atlantic and those along the coastline (Bayode et al.
2015). The coastal areas of Ondo State consist of over five
hundred settlements spreading over 3,000 km2. ILGA has the
longest coastline in Nigeria (about 78 km) with long history
in fishing dating back to the pre-colonial days (Bayode et al.
2015). The study area falls within Latitudes 6.00° and 6°
30‘North and Longitudes 4° 45 and 5° 45’ east of the
Greenwich Meridian. The area is positioned within the
equatorial evergreen swamp forest. There are over 80 fishing
communities along the coastline and are the major fish
producers in Ondo State (Bayode et al. 2015). A few of them
(Ayetoro (06°06°N 04°46’E), Idiogba (06°05°N 04°47°E),
Bijimi (06°04°N 04°49°E) and Asumogha (06°03’N 04°39’E)
were purposely selected for this study based on extensive
fishing activities in the towns and accessibility.

The coastal environment on the other hand has some
population density because a number of areas all over the
region have highest settlements that are more than 500 with
the total area of 3000 km? as described by Bayode et al.
(2015). The coastline coverage for llaje Local Government
Avrea is around 78 km and it has recorded activities of people
engaged in fishing much earlier than the colonial period.
Practically, this area consists of* 80 fishing villages mostly
dominant for fish farming activities and are the leading fish
farmers in Ondo State (Saher et al., 2023).

This region is in the Niger-delta where there is oil search
activity in Nigeria. It includes rivers and streams which run
through the various towns and empty out into the coastal
ocean (Bight of Benin, Atlantic Ocean). The adjacent waters
at the deeper mouth of the tributaries extend in a great area of
salinity and this makes a main fishing zone for those who
depend entirely on water for their living.
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Collection of Fish Sample

Every month for four months period, sample collection was
done in Ayetoro, Bijimi, ldiogba, and Asumogha using the
fixed gillnet throughout the study with mesh sizes 0.6cm,
1.0cm, 2.0cm, 3.0cm and 4.0cm. The fish samples taken from
each station, were kept in an insulated chest filled with ice and
taken to the laboratory for identification by means of field
guides including FAO (2014). The fishes were then killed,
tagged and frozen at cooling temperature of 4°C until they
were needed for analysis.

Determination of Heavy Metal

The fishes were grouped in the laboratory according to their
weight. Fair weight grouping was conducted, based on a
review that was carried out to assess the actual distribution of
fishes in the research sites as Group A: 0-50g; Group B: 51 —
100g; Group C: 101-151g; and Group D: 151-200g. All the
fishes in each group were euthanized and the gills and muscles
were removed with clean stainless-steel surgical in place of
the vertebral column. The muscles and gills were oven dried
at 105°C to constant weight. The fish samples were
thoroughly homogenized using a grinding mill to obtain
powder form.

For drying, a rapid routine was performed in agreement with
Crompton (2016) while taking the digest of the samples, the
dried tissues of the muscles (0.1g) were carefully weighed and
placed directly into pyrex volumetric glass of 100cm. 5¢cm?@ of
concentrated nitric acid was added, and the contents of beaker
were covered and placed on hot plate at a temperature of 40°C.
After heating for fifteen minutes, another 5cm® of
concentrated nitric acid and 10cm® of concentrated
tetraoxosulphate (vi) acid was added and the plate was then
open with the temperature gradually raised to 1000°C.

The solution was allowed to cool after it had been boiled for
twenty minutes and then heating the digested samples diluted
with 10cm? of distilled water. The resulting solutions were
boiled until the food samples were dissolved and then allowed
to cool.

The samples were transferred in 100cm?® volumetric flask to
ions and filled in with distilled water to the cutting line. The
digests were stored in plastic containers for fourteen days and
heavy metal content was analyzed with the Varian AA.240FS
Atomic Absorption Spectrophotometer (analyst 200/400
atomic absorption spectrophotometers).

Data Analysis

The data generated were analyzed using the Statistical
Package for Social Sciences version 16.0 and One-way
Analysis of Variance (ANOVA).

RESULTS AND DISCUSSION

Table 1 presents the mean concentrations of heavy metals Pb,
Cu, Fe, Cd, Zn, and Mn in gills of E. fimbriata in all the four
study areas. In Table 2, concentrations of heavy metal in E.
fimbriata muscle are presented. Likewise, concentrations of
heavy metals in gills of C. macropogon are presented in Table
3. Table 4 presents concentrations of heavy metal in muscles
of C. macropogon in all the four study areas. The gills of the
fishes from Ayetoro give the highest mean values of
concentration for Pb. The study found that E. fimbriata in
Asumogha had the lowest Fe concentration while the fish
samples from Bijimi had the highest concentrations. The
findings further analyzed that Cd concentrations in E.
fimbriata gill in Idiogba had the least levels, while the Bjimi
concentration was the highest. The study reports that E.
fimbriata gills contained the least amount of zinc in Ayetoro
and the fish from Idiogba possessed the highest level of zinc
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concentration (2.095 = 0.26mg/kg). The results showed that
Mn was least concentrated in the E. fimbriata gills from fish
obtained from Idiogba. The most concentration of Mn was
found in E. fimbriata in Ayetoro. The maximum value of
heavy metal concentration in the muscle of E. fimbriata in
Asumogha which is the least (0.003+0.00mg/kg) and Ayetoro
fishes have the maximum value (0.008+0.02mg/kg). E.
fimbriata in Ayetoro has been shown to have the lowest
concentration of Cu in its muscle. The lowest level was
recorded in Asumogha and the highest level in ldiogba.
Concentration level of Cd in muscle of E. fimbriata in
Asumogha was the least while Idiogba showed the highest
concentration. Lowest concentration of Zn was observed in
Ayetoro while Idiogba had the highest concentration.

In the study, it appeared that the muscle of C. macropogon
exhibited the least concentration of Pb with 0.002 +
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0.00mg/kg in Bijimi while the peak concentration was
observed in Asumogha. Asumogha had the lowest
concentration of Cu while the highest was encountered in
Ayetoro.

The least concentration of Fe was reported in Asumogha,
whereas the greatest was reported in fishes in Bijimi. The least
concentration of Cd was located in Ayetoro. The least value
of ZN concentration in muscle samples of C. macropogon was
seen in group A in Ayetoro (1.644+0.53 mg/kg), the details of
which are in table 4. The fish inhabiting Bijimi was noted to
have a mean concentration of Zn of 2.040+/- 0.65 mg/kg.
The least value of Mn concentration in muscle of C.
macropogon was recorded from Bijim (0.521+0.14mg/kg) i.e
figure 25 while the mean concentration of Mn in the muscle
of fishes from Asumogha was the highest (0.613+0.31mg/kg).

Table 1: Heavy metal Concentration in the gill of Ethmalosa fimbriata

Metal (mg/kg) Asumogha Ayetoro Bijimi Idiogba

Pb 1.093+0.60° 1.328+1.02° 1.319+0.42° 0.923+0.52b
Cu 0.708+0.18? 0.665+0.26° 0.782+0.242 0.742+0.152
Fe 2.644+0.452 2.737+0.632 2.748+0.36% 2.699+0.662
Cd 0.163+0.172 0.127+0.242 0.352+0.34° 0.106+0.202
Zn 1.919+0.38% 1.655+0.622 1.942+0.41% 2.095+0.26°
Mn 0.790=+0.418bc 0.97340.72¢ 0.915+0.60%° 0.588+0.33%

Means in the same row and with homogenous superscript are not significantly different (p>0.05); All values are expressed as

Mean+SD.

Table 2: Heavy metal concentration in the Muscle of Ethmalosa fimbriata

Metal (mg/kg) Asumogha Ayetoro Bijimi Idiogba

Pb 0.003+0.00? 0.008+0.022 0.004+0.00? 0.004+0.01°
Cu 0.708+0.182 0.665+0.26° 0.780+0.242 0.721+0.202
Fe 2.644+0.452 2.737+0.632 2.754+0.36° 2.810+0.482
Cd 0.009+0.022 0.007+0.012 0.003+0.00? 0.018+0.05°
Zn 1.919+0.38% 1.651+0.622 1.938+0.41% 2.077+0.24°
Mn 0.563+0.19% 0.459+0.192 0.506+0.122 0.457+0.132

Means in the same row and with homogenous superscript are not significantly different (p>0.05); All values are expressed as

Mean+SD.

Table 3: Heavy metal Concentration in the gill of C. macropogon

Metal (mg/kg) Asumogha Ayetoro Bijimi Idiogba

Pb 1.643+0.95° 1.527+0.96° 1.597+0.80° 1.823+1.22°
Cu 0.647+0.25° 0.834+0.43° 0.698+0.472 0.685+0.302
Fe 2.876+0.86% 2.485+0.632 2.802+0.782 2.876+0.632
Cd 0.200£0.273b¢ 0.060+0.13% 0.355+0.41°¢ 0.237+0.20%¢
Zn 1.873+0.492 1.644+0.532 1.979+0.722 1.910+0.722
Mn 1.157+0.58° 0.868+0.67% 0.797+0.442 0.626+0.252

Means in the same row and with homogenous superscript are not significantly different (p>0.05); All values are expressed as

MeanzSD.

Table 4: Heavy metal Concentration in the Muscle of C. macropogon

Metal (mg/kg) Asumogha Ayetoro Bijimi Idiogba

Pb 0.012+0.03? 0.003+0.00? 0.002+0.002 0.006+0.012
Cu 0.634+0.25° 0.834+0.43? 0.725+0.462 0.685+0.30?
Fe 2.849+0.852 2.494+0.632 2.893+0.622 2.8760.632
Cd 0.019+0.042 0.003+0.01° 0.047+0.13® 0.008+0.022
Zn 1.860+0.492 1.644+0.532 2.040+0.65% 1.910+0.722
Mn 0.613+0.31° 0.546+0.182 0.521+0.142 0.537+0.11°

Means in the same row and with homogenous superscript are not significantly different (p>0.05);
All values are expressed as MeanzSD.
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Concentration of heavy metal across the four stations
The gills of the fishes from Ayetoro give the highest mean
values of concentration for Pb. The Pb in the fishes sampled
from all the sampling stations were found not to be
significantly different. The concentration of heavy metal in E
fimbriata from Bijimi was 0.782+0.24 mg/kg. The Cu
concentrations in the gill of fishes from all the sampling
stations tested were found to be not significantly different.
The study found that E. fimbriata in Asumogha had the lowest
Fe concentration while the fish samples from Bijimi had the
highest concentrations. The study further analyzed the
concentrations of Cd in the gill and established that E.
fimbriata in Idiogba had the least levels, while that of Bijimi
was the highest with no significant differences reported. The
study reports that E. fimbriata gills contained the least amount
of zinc in Ayetoro and the fish from Idiogba possessed the
highest level of zinc concentration of 2.095 + 0.26 mg/kg but
the differences were not significant. The results showed that
Mn was least concentrated in E. fimbriata gills obtained from
Idiogba. The most concentration of Mn was found in Ayetoro
fish in E. fimbriata. No significant differences were observed.
The maximum value of heavy metal concentration in the
muscle of E. fimbriata in Asumogha is the least (0.003+0.00
mg/kg) and Ayetoro fishes have the maximum value
(0.008+0.02 mg/kg). Still, no significant change in fishes’
muscle tissue concentration has been established. E. fimbriata
in Ayetoro has been shown to have the lowest concentration
of Cu in its muscle. Most studies showed that the highest
concentration of Cu was in the muscle of E. fimbriata in
Bijimi. On the other hand, the lowest level was recorded in
Asumogha and the highest level in Idiogba. These findings
were not statistically significant. As depicted in the table,
concentration level of Cd in muscle of E. fimbriata in
Asumogha was the least while Idiogba showed the highest
concentration. Lowest concentration of Zn was observed in
Ayetoro but Idiogba had the highest concentration. There was
no significant variation in the least concentration levels of Mn
observed in ldiogba and the most concentration in Asumogha.
There was no significant difference in these concentrations
across all the sampling stations. Results on the heavy metal
concentrations in the gills of C. macropogon are summarized
in Table 3. The lowest Pb concentration was observed in
Ayetoro, while the highest in Idiogba. The lowest amount of
Cu was recorded in Asumogha whereas the maximum came
from Ayetoro. The least prevalence of Fe was obtained in
Ayetoro and the peak in Asumogha. These concentrations
were not statistically different at all the sampling stations. The
table shows that there is significant variation in the
concentration of Cd, Zn, and Mn in the gills of C. macropogon
among the different sampling sites. In this case, the weakest
concentration of this element has been detected in Ayetoro
region while its highest was recorded in Bijimi region. In
contrast, this least concentration was the same as that
observed in ldiogba whereas that of Asumogha was the
highest.

In the study, it appeared that the muscle of C. macropogon
exhibited the least concentration of Pb with 0.002 + 0.00
mg/kg in Bijimi while the peak concentration was observed in
Asumogha. In the trace metal concentrations in fish muscle
samples, as usual, Asumogha had the lowest concentration of
Cu while the highest was encountered in Ayetoro.

The least concentration of Fe was reported in Asumogha,
whereas the highest was reported in fishes in Bijimi. The least
concentration of Cd was found in Ayetoro. The least value of
Zn concentration in muscle samples of C. macropogon was
seen in group A in Ayetoro (1.644+0.53 mg/kg), the details of
which are in table 4. The fish inhahiting Bijimi was noted to
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have a mean concentration of Zn of 2.040+/- 0.65 mg/kg. The
concentration of Zn in the muscle of the fishes in all the
sampling stations was statistically at the same level (p > 0.05).
The least value of Mn concentration in muscle of C.
macropogon was recorded from Bijimi (0.521+0.14 mg/kg)
while the mean concentration of Mn in the muscle of fishes
from Asumogha was the highest (0.613+0.31mg/Kkg).
Manganese was also comparable in the muscle of fishes
sampled from all the sites with a p value of more than 0.05.
Undie et al. (2019) and Olusola and Festus (2015) studies
confirmed that heavy metal was also present in the organ of
fish in llaje Local Government Area, that reveals a story of
prosperity of heavy metals within the cellular tissues of biota
dwelling in the coastal waters of Ondo State. On the other
hand, samples for this study were taken from four major
towns where fishing activities is predominant in llaje Local
Government Area.

It is clear that, in the coastal waters, although heavy metal
pollution of fish caused by oil exploitation is less than
pollution by man-made and other geo-chemical processes,
pollution indices showed that the levels of Cd in all the fish
samples also did not exceed the NCBP and the FEPA level of
2.1 per gram of fish or 0.5 mg/kg for predatory birds (Akan et
al., 2012). In the present study the concentration of
Manganese and Iron in both species was above FAO/WHO
Permissible limits across the research area and therefore this
is a treat to the fishes over a period causing bio accumulation.
Earlier studies conducted by Abdus-Salam et al. (2010) at
Ugbonla and other axis of Ilaje indicate high levels of heavy
metals concentrations than this present study.

Heavy Metal Concentration in Fish

Concentrations of Lead (Pb) in the gill and muscle tissues of
two studied ichthyological species E. fimbriata and C.
macropogon showed significant differences (P<0.05) across
the four sites. the acceptable limit of Lead (Pb) in the gill
tissue of E. fimbriata and C. macropogon was still within the
allowable limit of 2 mg/kg of FAO (FAO, 1990). The
inclusive findings were in accordance with the Author’s
report on Odofia et al. (2015) which fished out marine fishes
from Ondo State, Nigeria concomitantly.

Gills are generally exposed to the atmosphere and are assisted
organs including water loss (Sonone et al., 2020). Hence why
it does not even exist in low concentrations would still have
adverse effects on living systems (Zhang & Reynolds, 2019).
The magnitude of Cd associated in the study areas were
characteristic descript of considerable health risk to most of
the fishing consumers at the survey area and many more
according to Abdul-Baki et al. (2024).

The mean concentrations of Cadmium in both fish species
were also at the equivalent of the WHO/FAO maximum
tolerance limit of 0.2 mg/kg. The concentration of Mn were
above the biological permissible limit of 0.5mg/kg set by the
FAO/WHO throughout the study area in both species and this
could be because of human interference such as washing or
swimming or bathing or transportation or waste disposal
activities that perpetually raise the heavy metals levels in the
water resources as opined by Adesiyan (2018).

Similarly, population increase, urbanization, industrial
activities and agricultural practices further compounded the
situation (Popoola et al., 2019). The observed concentration
levels of Mn and Fe in this study were also comparable to the
values reported for Akinmoladun et al. (2022) in Epe Lagoon.
However, inappropriately low rates of egestion of consumed
particles can also cause toxicants to build up in the tissues of
fish species (Garai et al. 2021). Essential minerals for growth
and healthy maintenance of all the faunal species include Zinc
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(Zn), Copper (Cu) and Manganese (Mn). However, they exert
harmful actions when administered or present in
concentrations than what is acceptably normal (Du Plessis et
al., 2015).

The concentration levels of all the heavy metal in the two fish
species (E. fimbriata and C. macropogon) from the studied
area are however within the upper allowable limit warranted
by the report of WHO (2011), which agreed with the report of
Olayinka-Olagunju, 2021 in the water except Pb and Mn that
were due to the higher internal burden of bio-concentrating
ability of the two metal and so have to be controlled or
extended disposal into the oceanic waters as Iron (Fe) is a
serious health risk.

CONCLUSION

Some studies have been conducted in llaje LGA of Nigeria to
determine the heavy metal content in different fish species.
Yet, there have been no cases reported where nutrition or
water from this region and its fisheries led to metal poisoning.
The present results showed that the metal concentrations were
lowest in muscle and highest in the gill due to physiological
roles in fish metabolism as the gills are metabolically active.
For that reason, the total concentration of heavy metal in the
gills is more than that in the muscle due to lower metabolic
activity on a daily basis in muscles. On the basis of result of
the investigation at the same time, it was revealed that the
levels of heavy metal like cadmium, zinc, copper and lead in
E. fimbriata and C. macropogon exceeded the levels
prescribed by FAO and WHO in gills but not in muscles while
Mn and Fe in gills and muscles of both fish species from the
study areas overstepped FAO/WHO limits and this has been
associated with human-induced activities. Chrysichthys
macropogon is the most abundant economic species of the
fishery and its muscle in Ondo State coastal waters were
found to be saddled with bio-heavy metal since the levels
recorded were beyond the approved limits of various
standards. Therefore, it is known that the fishes in the areas of
study are in slightly polluted environment, and can pose a
threat to the fishes over time. There is also concern for the
movement and management of human activities in the
coastline with the need for coordination by proper authorities
for the run off waters to have minimal impact on the fish.
Thus, the present study suggests continuous pollution
assessment study of aquatic organisms in coastal waters of
llaje LGA, Ondo State, Nigeria.
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