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Abstract 

The bioaccumulation of some heavy metals in coaster waters directly affects the ecosystem and human beings. Thus, 
the objectives of this study are to evaluate the interaction between fish and coastal water and assess the long-term 
implications of human consumption of some major organs obtained from Tilapia brevimanus and Euthynnus allettera-
tus. The study determined the concentrations of arsenic (As), cadmium (Cd), chromium (Cr), and lead (Pb) in twenty 
coaster water samples collected from two points and in the muscle, gills, and intestine of ten pieces of Tilapia 
brevimanus and ten pieces of Euthynnus alletteratus using a Perkin Elmer Model 306 Atomic Absorption Spectrom-
eter. Furthermore, the accumulation of these metals and the assessment of the long-term implications of human 
consumption of the designated organs of the two species types were performed. The statistical significance level 
of the obtained results was determined using the T-test analysis tool, which revealed that the distribution of the met-
als varies in different organs of the fish species. The levels of pollutants were higher in Tilapia brevimanus organs 
than in Euthynnus alletteratus. The contents of As, Cd, Cr, and Pb in the gills were higher than those in the muscle. Also, 
the metal pollution index in the organs followed the order of intestine > gills > muscle for both Tilapia brevimanus 
and Euthynnus alletteratus, posing serious health risks.
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Introduction
Metals are regarded as critical contaminants in aquatic 
environments because of their great potential to enter 
and accumulate in food chains [1, 3, 4, 19]. Different 
metals accumulate to varying degrees in the bodies of 
fish. The variable affinity of metals in fish tissues and the 
different rates of absorption, deposition, and excretion 
cause these discrepancies [26]. Metal buildup in fish is 
influenced by pollution and can differ among fish species 

residing in the same body of water [6]. Several studies in 
the field and the laboratory has revealed a link between 
metal concentrations in fish and water [17]. It is impor-
tant to keep in mind that the concentration of metal in 
the fish’s body is only related to that in the water if the 
metal consumed by the fish is from the water [15].

Metals can be found in particulate or soluble forms 
in natural waterways. Labile and non-labile fractions of 
soluble species of fish are especially vulnerable to labile 
metal complexes. They include a variety of ionic forms 
with varying degrees of fish availability. Several studies 
have revealed that the levels of metals in the labile frac-
tion, as well as the proportion of various metal ions, are 
highly influenced by environmental factors [16]. The 
results of numerous studies demonstrate that metals 
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have synergistic or additive effects in most cases, but 
antagonistic effects can arise in specific mixes [22, 28]. 
Fish from different species in the same body of water 
may accumulate varying quantities of metals. Differ-
ences in metal buildup between animals may be attrib-
uted to lifestyles and diets.

Many studies have found that metals have varying 
affinities for different tissues [9, 10, 12, 26]. The liver, 
kidney, and gills store the majority of total body loads 
accumulated at varying metal concentrations in the 
water and at various exposure times. Metal concen-
trations were also found in the digestive tracts of fish 
from natural water sources [7]. The food uptake route 
is linked to high metal concentrations in the digestive 
tract of fish. The gonads, bones, and brain, for exam-
ple, may have high metal levels, although the muscles, 
in comparison to the other tissues, normally have mod-
erate metal concentrations but are frequently checked 
for metal content due to their usage for human food 
[8]. The buildup of critical metals like iron, zinc, cop-
per, manganese, and cobalt, for example, is organ spe-
cific. Copper, for example, has a strong affinity for the 
liver even at low ambient quantities, whereas zinc con-
centrates in the gonads due to their primary metabolic 
functions in these organs. Metal contamination, on the 
other hand, causes metals to lodge in the same organs 
where they might cause hazardous effects [11]. Recent 
investigations on the bioaccumulation of hazardous 
metals such as As, Pb, Cd, and Cr for risk assessments 
in marine biota samples from the coastal Ondo area 
have not been published in spite of the ongoing expan-
sion of small-scale businesses and oil exploration. It 
has become vital to assess the levels of metal concen-
tration in marine species and the accompanying health 
risks of their consumption. The objectives of this study 
are to determine the concentration of metals in the 
coaster water and fish species (Tilapia brevimanus and 
Euthynnus alletteratus) from Ondo State and evaluate 
the probable health hazards associated with consump-
tion of these fish products. The two species of coaster 
water fish from Ilaje were examined for the presence of 
four toxic metals (As, Pb, Cd, and Cr) using the Perkin 
Elmer Model 306 Atomic Absorption Spectrometer, 
and these species are all well-known and favored by 
consumers and fishermen around the community and 
beyond. The modeling of the data was performed using 
Ecolego 6.4. This was done based on the long-term pol-
lution implications for the water and the organs of the 
fish. The simulation was predicated on the fact that 
water uptake and bioconcentration have kinetics that 
are approximately identical to first-order kinetics [24].

Description of the study area
The investigation was conducted in the coastal waters of 
Ilaje, Ondo State, Southwest Nigeria, which is part of the 
transgression mud coast. The transgressive mud shore 
extends to the Benin River in the direction of the east 
[21]. It is bordered on the west by the shoreline of the 
Ijebu Waterside Local Government Area in Ogun State, 
on the north by the land mass of the Ondo State local 
governments of Okitipupa and Irele, and on the south by 
the Atlantic Ocean. The total length of the coast currently 
occupied by the Ilaje people of the river zone of Ondo 
State is estimated at 75 km. The largely coastal communi-
ties currently occupied by the Ilaje, a major river group 
of the Yoruba race, are known for a number of features of 
ecological zones, which include tropical lowland rainfor-
ests, sandy and sometimes clayey coastal cliffs, swamps 
and swamp forests, and freshwater mangroves [21]. The 
installation of crude oil prospecting enterprises by sub-
sidiaries of the Nigerian National Petroleum Corpora-
tion (NNPC), Shell, and Chevron oil firms, as well as 
other joint ventures, characterizes the coastal region 
under examination. In addition, there is heavy commer-
cial fishing activity, urban runoff from agricultural land, 
and direct dumping of municipal and industrial garbage 
into the coastal waters. The sample sites are shown on the 
map of the research region in Fig. 1.

Sample collections and analysis
The water samples were collected in January 2021, repre-
senting the peak of the dry season when the activities on 
the water are highest in Nigeria, from two points (SLP1 
& SLP2) as shown in Fig. 1, along the shoreline at 100 m 
intervals below the surface film at a depth of 10 cm and 
50  cm. All of the glassware and porcelain were soaked 
in 3 percent  HNO3 for 24 h before the collection of our 
samples. They were rinsed with distilled water, put in the 
oven, and set aside to cool. A total of 20 water samples 
were taken with a 500 mL beaker, ten (10) from the first 
sampling point (SLP1) along the shoreline closed to the 
shore, and at 100  m intervals far into the coaster water 
(SLP2), the second set of ten (10) water samples were col-
lected. Conc.  HNO3 was added to the water samples to 
make them acidic.

The twenty (20) pieces of fish were divided into two 
sets: Tilapia brevimanus (10) and Euthynnus allettera-
tus (10). The average length for Tilapia brevimanus was 
20 cm, and the average weight was 98 g, while for Euthyn-
nus alletteratus, the average length was 30.8  cm, and 
the average weight was 610.5  g. These fish were caught 
at SLP1 and SLP2 as indicated in Fig.  1 from the water 
bodies with the assistance of local fishermen within two 
weeks. The samples were transported to the laboratory, 
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where they were stunned by an accurate blow to the head 
with a blunt instrument. The force was proportionate to 
the size of the fish, and the blow was aimed just above 
the eyes to impact on the brain, causing the fish to be 
unconscious and then cut accordingly [23]. The inedible 
parts, such as scales, were removed, the samples were 
rinsed with distilled and deionized water to remove any 
sediment particles and adhering substances, and the edi-
ble parts (gills, intestines, and muscles) of each fish were 
extracted with a dissecting knife [30]. All procedures 
were performed in compliance with the institutionally 
approved guidelines [2]. The edible organs were washed, 
then separately oven-dried at 105 ± 2 °C in a Gallen Kamp 
moisture extraction oven until constant weight was 
obtained, homogenized using a grinder, and then stored 
in a desiccator in labeled plastic containers until diges-
tion [9]. In a round-bottom flask, one gram of homog-
enized sample was weighed, and 10  mL of conc.  HNO3 
and 2 mL of  HClO4 were added. 50 mL of distilled water 
was added and filtered after the digestion at 65 °C. To get 
to 100 mL, the filter paper was rinsed with more distilled 
water.

The digest was kept in pre-cleaned polypropylene 
vials before being examined using an Agilent (FS240AA) 
atomic absorption spectrometer. The standard was run 
first for the working curves, followed by the blank to 
overcome instrument drift, as is typical procedure in the 
laboratory. A Perkin Elmer model 306 atomic absorption 
spectrometer was used to analyze the specified heavy 
metal. 100  mL of the material was put into a 250-mL 
glass beaker after it had been vigorously agitated. The 
metal concentration was read in µg/L from the extracted 
standard calibration curve after the sample was inhaled 
into an oxidizing air/acetylene or nitrous oxide/acetylene 
flame. Each element’s analyses were done in triplicate, 
and the average values were reported.

All of the water samples were securely maintained 
in iceboxes before being transferred to the laboratory, 
where they were kept in a refrigerator for five days before 
being tested. In a 250-mL conical flask, all the water sam-
ples were acidified to 100 mL and measured, then 5 mL of 
concentrated  HNO3 was added and covered with a watch 
glass. The contents were heated for 50  min on a hot 
plate at 60 °C, then cooled to 40 °C. The flask and watch 

Fig. 1 Map of Ileja coaster water showing the two sampling points (SLP1 & 2)
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glasses were cleaned with distilled water and filtered into 
a clean conical flask, followed by a 5 mL distilled water 
rinse of the filter. The filtrate was transferred to a 100 mL 
volumetric flask, and the conical flask was washed with 
5 mL distilled water. The sample was produced with dis-
tilled water up to the 100  mL mark, completely mixed, 
and examined using a (Perkin Elmer model 306 atomic 
absorption spectrometer.

Statistical analysis
The elemental concentration of the observed samples 
was statistically analyzed using the statistical package 
SPSS (version 16.0). The mean ± standard deviations of 
the metal concentration in fish species were determined. 
The statistical differences of mean metal levels among 
fish organs were also analyzed using multiple comparison 
tests in SPSS package program. Independent t-test, was 
also carried out.

Metal pollution index (MPI)
This was utilized to look at the overall heavy metal con-
centration in the coaster water as well as the different 
sorts of fish found in the sampling areas. The index was 
calculated by computing the geometrical mean of all 
metal concentrations in the coaster water and the organs 
of the fish types [14] using Eqs. 1.

where CFi = concentration of the metal, n = total number 
of metals

Bio‑concentration factor (BCF) estimation
In this study, BCF was computed as the ratio of pollut-
ant concentration in fish organ types to pollutant content 
in ambient water at equilibrium conditions, as published 
by [31]. The following assumptions were resolved from 
this BCF estimation: (a) the surrounding conditions, 
feeding, excretion by fish, and chemical concentrations 
in the coaster water had reached equilibrium state; (b) 
the kinetic BCF, also known as the kinetic BCF, is equal 
to the equilibrium state; and (c), BCF is obtained by the 
ratio of the steady-state concentration in fish to that in 
water followed first-order kinetics [23, 27]

The following mathematical formulas demonstrate this 
assumption:

where, abiotic media represent water,  k1 = first-order rate 
constant for uptake into fish  (day−1) and  k2 = first-order 
rate constant for excretion from fish (L/kg/d) and

(1)MPI(µg/L) = (CFi × CFj × ...× CFn)
1
n

(2)BCF =
Conc. in fish organs at steady state (µg/kg wet fish)

Conc. of metal in abiotic media at steady state (µg/L)
=

k1

k2

where fu = uptake rate constant, fe = excretion rate con-
stant, CW  = concentration in water,
CF = concentration in fish types. If the BCF is greater 

than 1.0, then bioaccumulation for metal occurs by the 
fish samples [20].

An allometric relationship has been derived in the liter-
ature relating fish weight to the first-order rate constant 
for uptake into fish (L/kg/d) at the gill as [5],

where W is the weight of the fish in gram and kOW  rep-
resents the octanol–water partition coefficient obtained 
from [5] to be 3.50, which is the widely used molecular 
descriptor in quantitative structure–activity relationships 
for contaminants

Simulation using Ecolego 6.4
A simulation of the long-term pollution implications in 
the water and the organs of the fish kinds was performed 
using the results in the concentration of the metals found 
in water and the fish organs. The simulation was predi-
cated on the observation that water uptake and bio-con-
centration have kinetics that are approximately identical 
to first-order kinetics [24]

This means that the following relationships can be used 
to approximate the change in concentration in the fish 
(CF) or water (CW) by [24]:

where PW ,T , PF ,T = Predictive pollutant level in water 
and fish organs over time (t).

The intake of water was assumed to exchange through 
the gills and skin in this model. The gills are responsible 
for a variety of functions, including (i) respiratory gas 
exchange, (ii) water ingress and egress via osmosis, (iii) 
ionic and acid–base regulation, (iv) nitrogen excretion, 
as well as toxicants and heavy metals, and (v) passive 

uptake and elimination of natural and anthropogenic 
lipophilic compounds [5]. The gills are made up of four 
arches on either side of the pharynx, each with a double 

(3)fu = k1 × CW

(4)fe = k2 × CF

(5)k1 = 0.401×

(

1.400×W−0.4
× kOW

100+ kOW

)1.025

(6)PW ,T = −fu × CW + fe × CF

(7)PF ,T = fu × CW − fe × CF
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row of gill filaments. The secondary lamellae are a row 
of closely spaced leaflets found on the upper and lower 
sides of each filament. Its two parallel faces are spaced 
apart and pass through the pillar cells, which are neces-
sary for pollutant uptake and removal in water.

Results and discussion
Analysis of metal distribution
The mean ± standard deviation of concentrations of 
Pb, Cd, As, and Cr in the sampled points is presented 
in Table  1. In SLP1 samples, the mean value of heavy 
metals follows the sequence: Cd > Cr > As > Pb, with 
values (in µg/L) of 94.15 ± 0.95, 19.41 ± 1.57, 15.54 and 
15.54 ± 1.11, respectively. The contents of Cd in SLP1 
are higher than the permissive concentrations (5 µg/L) 
of the continental crust recommended by NESREA 
(2007). Yu et  al. [30] attributed an increase in cad-
mium content to the corrosion of galvanized iron, 
emissions from burning fossil fuels, corrosion agents, 
and color pigments. In contrast, the average values of 
metals in SLP2 display the order as Cr > Cd > As > Pb, 
with average values (in µg/L) of 0.95 ± 0.01, 0.89 ± 0.01, 
0.78 ± 0.01, and 0.72 ± 0.01, respectively. The concentra-
tions of all metals studied were higher at point SLP1 
than at point SLP2. However, average values of Pb and 
As are within the permissive level.

Analysis of metal concentrations in fish tissue
The average contents of Pb, Cd, As and Cr in the muscle, 
gills and intestines of Tilapia brevimanus and Euthynnus 
alletteratus collected from the study area are presented 
in Table 2. The order of the concentration of heavy met-
als in the fish species examined in the research region 
is: intestine > Glls > Muscle. Most of the world’s popu-
lation eats fish muscles as food. The species of Tilapia 
brevimanus and Euthynnus alletteratus are important 
sources of protein and are eaten all throughout Nigeria. 
However, considerable variations were observed in the 
metals concentrations among various species. Amidst 
the species, Tilapia brevimanus has the highest con-
centrations of almost all the four metals observed. This 
may be attributed to its large size (higher biomass), it has 
been observed than larger fish tend to accumulate higher 
amount of heavy metals.

Lead (Pb) is a pervasive contaminant that might enter 
the coast river by the discharge of industrial effluents 
from several businesses, including printing, dyeing, oil 
refineries, textiles and other sources. The highest lead 
concentrations were found in the intestine of Tilapia 
brevimanus (219.21 ± 13.18 µg/L), while the lowest lead 
concentrations (0.52 ± 0.01 µg/L) were found in the mus-
cle of Euthynnus alletteratus. The t-test result showed 
there was a statistically significant difference in Pb con-
centration between the fish species organs (Muscle and 
Gills) while Intestine showed no significant difference. 
Since, the lead content in the muscle of freshwater fish 
corresponded to 0.52 ± 0.01 µg/L (Euthynnus alletteratus) 
and 0.82 ± 0.08 (Tilapia brevimanus), a careful attention 
should be paid to edible freshwater fish species in the 
study area. The accumulation pattern of Pb in fish tissues 
was in the descending order of gill > muscle > intestine in 
all the species examined.

Cadmium (Cd) is a dangerous pollutant and a highly 
poisonous element that is present in a variety of sources 
and is transmitted through the water and air. The mus-
cle of Tilapia brevimanus had the lowest quantity 

Table 1 Mean ± standard deviation heavy metal concentration 
(µg/L) in the coaster water at SLP1 and SLP2

(n = 10) indicates a total of 10 samples that were analyzed

Pollutants SLP1 (n = 10) SLP2 (n = 10) NESREA, 
(2007) 
limit

Pb 02.42 ± 0.09 0.72 ± 0.01 10

Cd 94.15 ± 0.95 0.89 ± 0.01 5

As 15.54 ± 1.11 0.78 ± 0.01 50

Cr 19.41 ± 1.57 0.95 ± 0.01 –

Table 2 Mean ± standard deviation of heavy metal concentration (µg/L) in the organs of Tilapia brevimanus (†) and Euthynnus 
alletteratus (††) 

Heavy metal concentration (µg/L) in the organs of Tilapia brevimanus and Euthynnus alletteratus. Mean ± SD with different superscript are significant at 5% level with 
a > b

Fish organs Fish spices Pb Cd As Cr

Muscle Tilapia brevimanus 0.82 ± 0.08a 101.71 ± 1.45b 69.73 ± 2.99a 65.12 ± 3.36a

Euthynnus alletteratus 0.52 ± 0.01b 105.10 ± 2.19a 65.15 ± 3.38b 61.59 ± 1.62b

Gill Tilapia brevimanus 0.61 ± 0.19a 117.24 ± 1.33a 73.10 ± 1.52a 125.15 ± 1.66a

Euthynnus alletteratus 0.41 ± 0.03b 117.11 ± 1.47a 74.51 ± 1.89a 124.48 ± 1.27a

Intestine Tilapia brevimanus 219.21 ± 13.18a 156.51 ± 1.57b 89.71 ± 2.10a 280.23 ± 1.66b

Euthynnus alletteratus 215.31 ± 1.89a 177.43 ± 1.27a 88.16 ± 1.65a 284.71 ± 1.82a
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of Cd (101.71 ± 1.45  µg/L), whereas the intestine of 
Euthynnus alletteratus had the greatest content of Cd 
(177.43 ± 1.27  µg/L). Furthermore, for the two fish spe-
cies, the intestine had a greater Cd concentration than 
the muscle and gill, this is because metallothionein pro-
teins exist, which have the ability to bind particular heavy 
metals like Cd and Cu for detoxification [25]. The low-
est level of Cd in the muscle of Tilapia brevimanus was 
greater than the threshold value 0.5 g/g for fish and pred-
ators. Except for the gills, t-test result also revelead a sta-
tistical significant difference in the organ of the two fish 
sepcies. It was clearly seen from the experimental investi-
gation that Cd levels in the tissue of the species from Ilaje 
coast river were greater than the standards mentioned 
above, also, long-term accumulation of Cd in fish may be 
harmful to human health. Different industrial and house-
hold channels that are induced in the Ilaje coast river are 
to responsible for the load of Cd present.

Arsenic is a poisonous substance frequently found in 
aquatic environments. Low doses of exposure to inor-
ganic As may result in numerous consequences on the 
liver, skin, cardiovascular, and hematological systems, 
among other organs. The lowest concentration of As 
is found in the muscle of Tilapia brevimanus while the 
intestine of this same species had the greatest concen-
tration. As found in these species tissue were in organic 
forms, which are less dangerous than inorganic [18]. 
However, the arsenic concentration was beyond the per-
missive level, with no statistical significant difference in 
the organ of the two fish sepcies except for the muscle, 
having (p < 0.05).

The concentration (µg/L) of chromium (Cr) in the cho-
sen fish tissue ranged from 65.12 ± 3.36 to 284.71 ± 1.82. 
The lowest concentration of Cr was found in the muscle 
of Tilapia brevimanus. The WHO and FEPA both recom-
mended a daily acceptable chromium content of 0.15 g/g, 
however, the European Union Commission recom-
mended 1 g/g. In this investigation, the Cr concentration 
was greater than the recommended values from regula-
tory bodies. T-test result also showed a statistical sig-
nificant different the mean concentration of Cr present 
in the fish species (muscle and Intestine). The Ilaje coast 
river’s fish tissues and river water are been shown to con-
tain significant concentrations of Cr, which puts the fish 
at severe risk.

Potential health risk assessment and bio‑concentration 
factor
The MPI values for the analyzed heavy metals in mus-
cle, gills and instines of the two fish species are dis-
played in Fig.  2. The distribution of the tested heavy 
metals for the two fish species was in the ascending 
order of muscle < gills < intestine. In the intestines of the 

two fishes, the BCF were high in ascending sequence of 
Pb > Cr > As > Cd, followed by the gills and muscles in the 
same pattern, as shown in Fig. 3. It was discovered that all 
of the chosen fish’s organs had been exposed to the heavy 
metal concentration through the water. In the present 
study, the BCF of the heavy metals in the species-specific 
different fish tissues, i.e., gill, liver, and muscle showed 
that there was an appreciable chance of bioaccumula-
tion of the different heavy metals in the fish body organ 
tissues.

Modeling results
The results of the simulations of the concentration rate of 
Pb, As, Cd and Cr in the muscles, gills, and intestines of 
the Tilapia brevimanus and Euthynnus alletteratus over 
six years are presented in the Fig.  4. The concentration 
rate of Cd increased sharply over the six year periods in 
all the organs (Muscles, Gills and Intestines) of the Tila-
pia brevimanus and Euthynnus alletteratus.

Metal stimulation in muscles of Tilapia brevimanus 
and Euthynnus alletteratus
The simulation shows that (Fig. 4  bT), for Tilapia brevi-
manus, considering the muscles, in terms of the Cd, it 
ranged from 0.1017  mg/kg (zero year) to 0.2230  mg/kg 
(six years) showing 54.39% growth rate with a mean value 
of 0.1656 mg/kg for over six years whilst for Euthynnus 
alletteratus (Fig. 4  bE), it ranged from 0.1051 mg/kg (zero 
year) to 0.2291 mg/kg (six years) showing 54.12% growth 
rate with a mean value of 0.1702 mg/kg for over six years.

In terms of the Cr (Fig.  4  bT), the muscles of Tilapia 
brevimanus simulation indicated that it concentrations 
moved from 0.0651  mg/kg (zero year) to 0.0795  mg/kg 
(six years) showing 17.52% growth rate with a mean value 
of 0.0727 mg/kg for over six years whilst for Euthynnus 
alletteratus (Fig. 4  bE) it moved from 0.0616 mg/kg (zero 

Fig. 2 Metal Pollution Index (MPI) of all metals in the organs 
of the fish types
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year) to 0.0749 mg/kg (six years) showing 17.80% growth 
rate with a mean value of 0.0689 mg/kg for over six years.

As simulation for Tilapia brevimanus consider-
ing the muscles (Fig.  4  bT) indicated that it extended 
from 0.0697  mg/kg (zero year) to 0.0812  mg/kg (six 
years) showing 14.12% growth rate with a mean value 
of 0.0761 mg/kg for over six years whilst for Euthynnus 
alletteratus (Fig. 4  bE), it shifted from 0.0652 mg/kg (zero 
year) to 0.076 mg/kg (six years) showing 14.41% growth 
rate with a mean value of 0.0712 mg/kg for over six years.

In the case of Pb, (Fig. 4  bT) revealed that in the mus-
cles, of Tilapia brevimanus, the values slightly oscillated 
from 0.00082  mg/kg (zero year) to 0.00085  mg/kg (six 
years) showing 3.53% growth rate with a mean value of 
0.00084  mg/kg for over six years whilst for Euthynnus 
alletteratus (Fig. 4  bE), it slightly moved from 0.00052 mg/
kg (zero year) to 0.00054 mg/kg (six years) showing 3.70% 
growth rate with a mean value of 0.00053 mg/kg for over 
six years.

Metal stimulation in gills of Tilapia brevimanus 
and Euthynnus alletteratus
In the case of the gills, for Tilapia brevimanus (Fig.  4 
 aT), the Cd concentration ranged from 0.1171  mg/kg 
(zero year) to 0.2506  mg/kg (six years) showing 53.27% 
growth rate with a mean value of 0.1866 mg/kg for over 
six years whilst for Euthynnus alletteratus (Fig.  4  aE), it 
ranged from 0.1172  mg/kg (zero year) to 0.2509  mg/kg 
(six years) showing 53.26% growth rate with a mean value 
of 0.1867 mg/kg for over six years.

For Cr concentration in the gills of Tilapia brevimanus 
(Fig. 4  aT), the values oscillated from 0.1245 mg/kg (zero 

year) to 0.1466 mg/kg (six years) showing 15.78% growth 
rate with a mean value of 0.1364 mg/kg for over six years 
whilst for Euthynnus alletteratus (Fig.  4  aE), it ranged 
from 0.1252  mg/kg (zero year) to 0.1473  mg/kg (six 
years) showing 15.06% growth rate with a mean value of 
0.1372 mg/kg for over six years.

In terms of the As for Tilapia brevimanus (Fig. 4  aT), 
considering the gills, the simulation indicated that it 
ranged from 0.0745  mg/kg (zero year) to 0.0865  mg/kg 
(six years) showing 13.85% growth rate with a mean value 
of 0.0810  mg/kg for over six years while for Euthynnus 
alletteratus (Fig. 4  aE), it raised from 0.0731 mg/kg (zero 
year) to 0.0849 mg/kg (six years) showing 13.92% growth 
rate with a mean value of 0.079 mg/kg for over six years.

In the case of Pb concentration in the gill, (Fig.  4  aT) 
revealed that in Tilapia brevimanus, the values slightly 
oscillated from 0.00041 mg/kg (zero year) to 0.00043 mg/
kg (six years) showing 4.65% growth rate with a mean 
value of 0.00042  mg/kg for over six years whilst for 
Euthynnus alletteratus (Fig.  4  aE) it slightly moved 
from 0.00061  mg/kg (zero year) to 0.00063  mg/kg (six 
years) showing 3.17% growth rate with a mean value of 
0.00062 mg/kg for over six years.

Metal stimulation in intestines of Tilapia brevimanus 
and Euthynnus alletteratus
In the case of the intestines, the concentration rate of 
Cd (Fig. 4  cT) increased sharply from 0.1565 mg/kg (zero 
year) to 0.3213 mg/kg (six years) showing 51.28% growth 
rate with a mean value of 0.2380 mg/kg for over six years 
for Tilapia brevimanus whilst for Euthynnus allettera-
tus (Fig. 4  cE) it increased from 0.1774 mg/kg (zero year) 

Fig. 3 Bio-concentration Factor (BCF) in the organs of fish types
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to 0.3588 mg/kg (six years) showing 50.54% growth rate 
with a mean value of 0.2671 mg/kg for over six years.

In terms of Cr concentration (Fig.  4  cT) in the Tila-
pia brevimanus, the simulation indicated that it con-
centrations raised from 0.2802  mg/kg (zero year) to 
0.3240  mg/kg (six years) showing 13.51% growth rate 
with a mean value of 0.3029  mg/kg for over six years 

whilst for Euthynnus alletteratus (Fig. 4  cE), it increased 
from 0.2847  mg/kg (zero year) to 0.3291  mg/kg (six 
years) showing 13.49% growth rate with a mean value of 
0.3077 mg/kg for over six years.

In terms of the concentration of As in Tilapia brevi-
manus (Fig. 4  cT), it increased from 0.0897 mg/kg (zero 
year) to 0.1033 mg/kg (six years) showing 13.18% growth 

Fig. 4 Concentration levels in the organs of the fish types over six years
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rate with a mean value of 0.0968  mg/kg for over six 
years in the intestines whilst for Euthynnus allettera-
tus (Fig.  4  cE), it shifted from 0.0882  mg/kg (zero year) 
to 0.1016 mg/kg (six years) showing 13.23% growth rate 
with a mean value of 0.0951 mg/kg for over six years in 
the intestines.

In terms of the concentration rate of Pb (Fig. 4  cT), in 
the intestines of Tilapia brevimanus, the values slightly 
oscillated from 0.2192 mg/kg (zero year) to 0.22388 mg/
kg (six years) showing 2.08% growth rate with a mean 
value of 0.2215  mg/kg for over six years whilst for 
Euthynnus alletteratus (Fig.  4  cE) it barely increased 
from 0.2153  mg/kg (zero year) to 0.2199  mg/kg (six 
years) displaying 2.09% growth rate with a mean value of 
0.2175 mg/kg for over six years.

From this work, the results obtained showed that the 
concentration of heavy metals at the first sampling point 
(SLP1) of the coastal waters of Ilaje is higher than the 
concentration obtained in the SLP2. This shows that the 
high concentration of heavy metals in the first sampling 
point (which is close to the coast), could be due to human 
activities on the coast. The first point (SLP1) of water rep-
resents a potential health risk for human and aquatic life 
(because the concentration of heavy metals is high com-
pared to the limits set by the NESREA, (2007), in particu-
lar the surrounding communities whose main source of 
livelihood and food comes from these waters. The deduc-
tion that can be drawn from the above results is that tila-
pia fish (Tilapia brevimanus) have a higher concentration 
of heavy metals than small tunas (Euthynnus alletteratus) 
and that the organs of these fish have different bioaccu-
mulation rates as this was also observed by Sehar et  al. 
(2014). Thus, their concentrations in individual organs 
will be different. This is due to the concentration of the 
water in which the fish are found [29]. In Tilapia brevi-
manus, Pb was shown to have the highest concentra-
tion in the intestines and the lowest in the muscles, Cd 
was the highest in the intestines and also the lowest in 
the muscles. As turned out to be very high in the intes-
tine and the concentration of Cr was highest in the gills. 
According to this analysis, the intestines have the highest 
rate of bioaccumulation and muscle the least and similar 
observation has been reported by [12, 13].

Conclusion
This study revealed that the first sample point SLP1 
(close to the shoreline) of water poses potential health 
risk to human and aquatic life (especially Cd concentra-
tion is high in comparison to limits set by NESREA, most 
especially the surrounding communities whose main 
source of livelihood and food comes from these waters. 
The insinuation from this study is that Tilapia brevi-
manus has more heavy metal concentration compared 

to Euthynnus alletteratus and the organs of these fishes 
have different bioaccumulation rates. The metal pollution 
index is in the order: intestine > gills > muscle for both 
Tilapia brevimanus and Euthynnus alletteratus. This 
search achieves that, the concentration of heavy metals 
in areas close to the coast is higher than the concentra-
tion in the high seas. In addition, Tilapia brevimanus and 
Euthynnus alletteratus can serve as good biomarkers to 
measure the concentrations of heavy metals. Fish intes-
tines are recommended to be avoided as long-term expo-
sure of humans to heavy metals could lead to immune 
system dysfunction among many other possible health 
risks.
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