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Heavy Metal Bioaccumulation and Histopathological

Studies of Fish Tissues from Ose River, Ondo State,

Nigeria

Josephine O. Olayinka-Olagunju

ABSTRACT

Exposure of the aquatic ecosystem to heavy metals from both natural and
anthropogenic activities are on the rise and have harmful health effects on
all aquatic biota and human. This study assessed the concentrations of
heavy metals (Fe, Pb, Cd, Cr, As, and Zn) in surface water, sediments, and
fish tissues and also examined the histopathological changes in the tissues of
two fish species (Mormyrus rume and Clarias gariepinus) from Ose River,
Ondo State, Nigeria. Surface water and sediments were collected while fish
species were procured from fishers on site from February to April 2021.
Heavy metal digestions were done in the laboratory using HNO3/HCI while
the concentrations were determined using Atomic Absorption
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Spectrometer. Histopathological alterations were observed in the kidney, | Nigeria
liver, and gills of the fish. Bioaccumulation factor (BAF), ecological risk
index, and potential ecological risk level were used to assess the investigated
metal concentrations. In the surface water, the concentration of Cd (0.010—
0.030 mg/l) and As (0.010-0.05 mg/l) exceeded the World Health
Organization limits of 0.01mg/1 while Fe, Pb, Cr, and Zn were within the
limits. In the sediments, all metals except Pb and As exceeded the WHO
limits. The concentrations of Pb (0.30+£0.000—4.12+0.030 mg/l), Zn
(9.970+0.010-30.77+0.023 mg/1), Cd (0.026+0.002—0.331+0.004 mg/1) and Cr
(ND-0.331+0.004 mg/1) in the fish tissues were seen to be higher than the
permissible limits of 0.5 mg/l, 5 mg/l, 0.005 mg/l and 0.05-0.15 mg/1
respectively. The BAF showed no probability. The alterations observed in
the kidneys of the fish were cholestasis, necrosis, loss of glomerui structure,
and tubular necrosis. While the gills showed congestion of the central veins
and interlamellae hyperplasia caused by the presence of a monogenean
parasite. The livers however revealed loss of hepatocytes nuclei, necrosis in
hepatocytes, and lymphocytic infiltrate. The study showed that the study
site was polluted with heavy metals and may pose serious health issues to
fishers, those using the water, and people feeding on fish from the river.
This study, therefore, suggests good indicators for bio-monitoring of heavy
metals in the Ose River. Seeing that the site was polluted with heavy metals
hence, a more comprehensive assessment of the river is recommended.
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some natural activities such as parent soils or rocks, flooding,
and anthropogenic activities agriculture are however the
primary cause of contamination in the aquatic environment
[4], [5]- Heavy metal pollution may have injurious effects on
the ecological balance because they are not biodegradable,
and consequently may accumulate, persevere, and penetrate
the aquatic food chains and cause threats to the aquatic lives
and lead to health risks in the consumers, particularly in
human [1], [6], [7]. Pollutants are able to accumulate along
the aquatic food chain with severe risk to animal and human
health. However, bioaccumulation of heavy metals in fish can
give an understanding of the long-term status of the aquatic
ecosystem [8].

I. INTRODUCTION

Exposure of the aquatic ecosystems to contaminants like
heavy metals, microplastics, plastic additives, etc. from both
natural and anthropogenic activities is on the rise across the
globe. Heavy metals, for instance, may be essential and non-
essential, however, at a higher concentration, both categories
of metals may serve as contaminants [1], [2]. Heavy metals
like zinc, copper, iron, nickel, and chromium are known as
essential while cadmium and lead are referred to as non-
essential heavy metals and are hazardous at low
concentrations [2], [3]. Although the occurrence of heavy
metals in the terrestrial and aquatic ecosystem may arise from
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Authman et al. [9] supported by Kock et al. [10] believed
that fish is generally used as a biomarker to examine pollution
in the aquatic ecosystem by assessing the biological organs.
In addition, due to the various sensitive nature of fish to
polluted water and their location at the top of the food chain,
they are good bioindicators of pollution [11], [12]. Previous
studies have shown that in different African countries, some
heavy metals exceeded the permissible limits in water, fish,
soils, edible vegetables, and food animals stipulated by the
World Health Organization (WHO) [13]-[16]. Although
reports of heavy metals build-up in fish in Nigeria are well
documented, most of these studies have focused only on
heavy metal assessment and bioaccumulation [7], [13], [14],
[17], and only a few reported the relationships between heavy
metals and histopathological alterations in fish [18]-[20].
More so, a few researchers have evaluated the health risks
associated with the consumption of contaminated fish [2],
[20].

Heavy metals, for instance, in the aquatic environment,
may penetrate the fish organ through the gills, skin, or
through their food chain and thereafter accumulate [9]. It
should, however, be noted that in fish, the gill is the first
target organ water from pollutants, while the liver is
important for metabolism and excretion of xenobiotic
substances with diverse morphological alterations due to
noxious circumstances in the environment [21], and fish
muscles, the most consumed part by human are the most
poisonous part and when consumed the toxic substance may
accumulate in the tissues of the human body. Furthermore,
Boudou et al. argued that pollutants penetrate the aquatic
environment through the tissues of the aquatic flora through
absorption and enter the biological membrane that separates
the internal medium of the organism from the external
environment through the epithelium of gills [22].

Additionally, histopathological changes may be used as
indicators for the effects of different contaminants caused by
humans in the aquatic organisms and are a replication of the
entire health of the total population in the ecosystem [23],
[24]. Wang et al. [25] and Koca et al. [26] reported that
muscular tissue deterioration is an indicator of exposure to
environmental pollutants such as insecticides or metals.
Consequently, histological alterations in fish tissue might
also serve as a consistent indicator of aquatic pollution.
Chemical pollutant penetrates the aquatic biota’s muscular
tissue directly or indirectly by absorption through the
membrane tissue. This research aimed to analyze the
concentrations of heavy metals (Fe, Pb, Zn, Cd, Cr, As) in
surface water, sediments, and in the tissues (gills, livers,
hearts, and muscles) of Mormyrus rume and Claria
gariepinus from Ose River. In addition, it examined the
histopathological changes in the fish tissues.

II. PROCEDURE

A. Study Site
Sampling was conducted in Ose River (Fig. 1). The river
took it source from Apata Hills then flows through to the
savannah and rainforest zones and released into the Atlantic
Ocean [27]. The river is situated in the Northern zone of Ondo
State with a rocky base and is slightly distant away from the
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community. The river is majorly used for commercial and
agricultural purposes. The river takes its source from Ekiti
State, southwestern Nigeria and according to [28] the river
pollution index shows that the water is within the acceptable
World Health Organization range.

Fig. 1. Map of Ose River [27].

B. Sample Collection

Surface water and fish samples were collected between the
months of February and April 2021. Fish samples were
procured at the landing site and stored in an igloo cooler with
ice and transported laboratory for identification and analysis.
Surface water samples were collected from three different
points monthly in the river [13], [29]. A total of twenty-seven
(27) water samples and 11 fish samples were collected from
the study site and taken to the Animal and Environmental
Biology laboratory, Adekunle Ajasin University, Akungba-
Akoko for identification, dissection, and analysis. A
stainless-steel sediment grab was used to collect sediment
samples in triplicate from the upper, lower, and middle reach
of the river using the method described by Olayinka-
Olagunju et al. [13] and Ali et al. [29]. The sediments
collected were kept in Ziplock bags and a total of 27 samples
were collected for the period of three months and transported
to the laboratory.

C. Laboratory Analysis

The fish species were identified by a fish expert in the
Department of Animal and Environmental Biology hatchery.
The monthly water collections were kept in the refrigerator
until the end of sample collections.

The fish samples were dissected from the anal opening to
the head region. The gills, kidneys, muscles, heart and livers
needed in this study were removed, rinsed with deionized
water, and preserved in different sample bottles with 70%
ethanol.

The sediment samples were air-dried in the laboratory,
ground, and sieved using a 2 mm mesh sieve to fine
homogenous samples before digestion.

D. Heavy Metals Sampling Digestion

The water samples were digested by adding 5.0 mL of
HNOs/HCI (3:2) to 100 mL of water and 2 g of sediments
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samples using a hot plate at 130 °C. The solution was allowed
to cool, and the digested samples were filtered with a 0.45
mm membrane filter. Using de-ionized water, the filtrate was
made to 100 mL and stored in clean polyethylene bottles for
heavy metal analysis in the atomic absorption
spectrophotometer (N1100A model). All analyses were done
in the laboratory using the standard method [30], [31]. The
metals examined were Zinc (Zn), Lead (Pb), Chromium (Cr),
Arsenic (As), Iron (Fe), Cadmium (Cd), and Chromium. The
instrument was calibrated as follows (0, 2, 4, 6, 8, and 10
mg/L).

E. Preparation of Fish Gills, Liver, and Kidney for
Histological Analysis

Histopathology tests were carried out on the gills, livers,
and kidneys of the fish as follows: the organs of the fish were
collected and fixed in 10 % formal saline to prevent decay. In
addition, the organs were dehydrated into different
percentages (50 %, 70 %, 80 %, and 100 %) of alcohol for 90
minutes each. After dehydration, they were cleared with 100
% xylene and left for 2 hours to remove any remnant alcohol
and impregnated in liquid wax for 2 hours for embedding.
The embedded organs were sectioned using a microtome and
were stained with haematoxylin-Eosin [32]. The excess stain
was removed under tap water. After clearing the xylene,
DPX, Castor oil/xylene was added, and a cover slip was
placed on each slide [33]. The preparations were left in the
oven at 40°C and then histological structures and
histopathological alterations of the gills, liver, and kidneys
were viewed under the microscope with a digital camera
connected to the computer system, recorded, and interpreted.

III. DATA ANALYSIS

A. Bioaccumulation Factor Determination

The bioaccumulation factors (BAF) of heavy metal
concentrations in this study were calculated from the ratio of
benthic fish (Clarias gariepinus & M. rume) species to
sediments.

The BAF formula is expressed as:

BAF = Cn benthic fish/Cn sediments (1

where Cn pelagic fish is the concentration of heavy metals in
pelagic fishes, Cn water is the concentration of heavy metals
in surface water, Cn benthic is the concentration of heavy
metals in benthic fish, and Cn sediments are the heavy metal
concentrations in sediments [13].

B. Ecological Risk Index

Ecological Risk Index (ERI) consists of a single
contamination coefficient, heavy metal toxicity response
factor, a more elaborate pollution measure, and a potential
ecological risk index.

The potential ecological risk index (Eif) for single heavy
metal pollution is thus calculated as follows:

Eif = Tif x Cif )
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where Eif is the potential ecological risk index, Tif is the
response coefficient for the toxicity of the single metal, and
Cif is the pollution index and can be defined as follows:

Cif = CisxCin 3)

where Cis = the concentration of heavy metal in the sediment
and Cin is the background/reference value. The concentration
of heavy background metal and the response coefficient for
the toxicity of single metal described by [34]-[35] are
presented in Table 1.

TABLE I: BACKGROUND VALUES OF HEAVY METAL AND RESPONSE
COEFFICIENT FOR THE TOXICITY

Element Background/Reference Coefﬁcien; for
Value (Bn) toxicity (T+)
Cd 0.28 30.0
Cr 93.9 2.0
Pb 224 50
Zn 55.7 1.0

The range of potential ecological risk index and single-
factor pollution of each metal examined in this study is
presented in Table II.

TABLE II: POTENTIAL ECOLOGICAL RISK RANGE AND RISK LEVEL

Range of potential ecological
risk index (E'f)

Ecological risk level single-
factor pollution

40 Low
40<E'r<80 Moderate
80<Ef'<160 Higher
160< Ef' <320 High
320< Ef! Serious

C. Statistical Analysis

The data from the examined heavy metals were analyzed
using the SPSS 24 statistical package. All data were also
subjected to One Way Analysis of variance (ANOVA), the
significance level at p<0.05 and was used to separate
significant means. Microsoft Excel was used for all graphical
presentations.

IV. RESULTS

A. Heavy Metal Concentration in Surface Water

Table III presents the mean concentrations of heavy metals
examined in surface water samples of River Ose. It can be
seen from the data in Table III that Pb was not detected in the
months of February and March.

However, in the month of April Pb was detected and
ranged from 0.020-0.060 mg/l. When the results were
compared to the WHO limit, the results were seen to be within
the permissible limit. In addition, Cr was only detected in the
surface water collected from the lower stream in February
(0.010 mg/1) and the value was within the permissible limit of
0.05 mg/l. Iron and Zn range from 1.100-1.500 mg/1 and
0.010-0.080 mg/l respectively. Furthermore, when the
observed results were compared with the permissible limits,
it was observed that the concentrations were within the limits.
Arsenic  (0.010-0.037mg/l) and cadmium (0.010—
0.060 kg/l) were seen to be above the WHO limits of
0.010 mg/1.
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B. Heavy Metal Concentration in Sediment

The data in Table IV showed the mean concentrations of
heavy metals observed in the sediments for the three months.
The mean concentrations of Pb and As ranged from 0.146—
0.196 mg/l and 0.020-0.270 mg/l, respectively. When the
results were compared to the permissible limits of 5.0 mg/l
(Pb) and 0.5-1.5 mg/l (As), it was seen that the mean
concentrations were within the limits. Furthermore, the mean
concentrations of Fe ranged from 28.210-29.470 mg/l, Zn
1.916-2.140 mg/1, Cr 0.020-0.310 mg/1, and Cd 0.180-0.216
mg/l, however, when these data were compared to WHO
limits, it was observed that the results exceeded the limits in
Table IV

C. Heavy Metal Concentrations in Fish Tissues

The concentrations of heavy metals in fish tissues are
presented in Table VI. The result suggests that Fe ranged
from 59.80 mg/1 to 100.67 mg/l in the tissues of M. rume and
54.30-123.00 mg/l in C. gariepinus. The result, therefore,
revealed that Fe was within the permissible WHO limits of
123.5 mg/l shown in Table VI. On the other hand, the
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concentrations of Pb were seen in the hearts (0.30-3.16 mg/1),
gills (0.91-4.12 mg/l), livers (1.03—1.48 mg/l), and kidneys
(0.66-2.20 mg/1) of the two species. Lead’s concentration in
the muscles of the two species was seen to be below the WHO
limit of 0.5 mg/l while those observed in the heart, liver,
kidney, and gills were above the permissible limits.
Furthermore, Zn ranged from 9.970-30.77 mg/1 in both fish.
From the data, the concentrations of zinc were higher than the
permissible limit of WHO. Arsenic concentrations ranged
from 0.036-0.203 mg/l and when compared with the WHO
limit, the concentrations were within the permissible limits.
The concentrations of cadmium range from 0.026-0.331 mg/1
and when the result was compared to the WHO limit, it was
seen that all concentrations in the fish tissues were greater
than the values stipulated by the regulatory agency.
Chromium ranged from ND - 2.103 mg/l in all the tissues
however, the table showed that Cr was not detected in the
muscle of C. gariepinus, while the concentration of Cr in M.
rume tissues were greater than the WHO limit of 0.05-0.15
mg/l.

TABLE III: MEAN HEAVY METAL CONCENTRATIONS OF OSE RIVER

M Iron (Fe) Lead (Pb) Zinc (Zn) Chromium (Cr) Cadmium (Cd) Arsenic (As)
February (US) 1.100 + 0.006 ND 0.017 £ 0.003 ND 0.020 + 0.000 0.027 £+ 0.003
February (MS) 1.120 + 0.000 ND 0.010 + 0.000 ND 0.013 +£0.003 0.050 + 0.006
February (LS) 1.490 + 0.040 ND 0.053 +0.009 0.010 £+ 0.000 0.037 £ 0.003 0.060 = 0.000

March (US) 1.100 =+ 0.000 ND 0.030 + 0.000 ND ND 0.010 £ 0.001

March (MS) 1.497 £ 0.136 ND 0.030 = 0.000 ND ND 0.020 + 0.000

March (LS) 1.500 =+ 0.000 ND 0.010 + 0.006 ND 0.020 + 0.000 0.040 £ 0.000

April (US) 1.143 £ 0.009 0.020 + 0.000 0.080 =+ 0.060 ND 0.010 + 0.000 0.010 + 0.000

April (MS) 1.207 + 0.003 0.030 + 0.006 0.0267 + 0.003 ND 0.010 + 0.000 0.020 + 0.000

April (LS) 1.410+0.017 0.060 = 0.000 0.043 £ 0.009 ND 0.030 + 0.000 0.040 £ 0.000

WHO limit 5.000 mg/1 0.1 mg/l 5 mg/l 0.05 mg/1 0.01 mg/1 0.01 mg/1
Note: ND - Not Detected; US - Upper Stream; MS — Mid Stream; LS — Lower Stream Sources: Field data (2021).
TABLE [V: MEAN HEAVY METAL CONCENTRATIONS IN SEDIMENTS

M Iron (Fe) Lead (Pb) Zinc (Zn) Chromium (Cr) Cadmium (Cd) Arsenic (As)
February (US) 28.210 £ 0.057 0.160 £ 0.000 2.000 £ 0.000 0.020 £ 0.000 0.180 £ 0.057 0.220 + 0.000
February (MS) 29.130+0.318 0.186 £ 0.033 1.916 +0.491 0.026 £ 0.033 0.200 + 0.000 0.186 + 0.033

February (LS) 29.470 +0.230 0.180 £ 0.000 2.090 + 0.404 0.030 £ 0.000 0.2067 +0.088 0.270 + 0.057

March (US) 29.040 £ 0.159 0.196 +£0.014 1.940 + 0.023 0.190 + 0.005 0.160 + 0.005 0.036 + 0.033

March (MS) 29.200 £ 0.000 0.150 £0.011 2.066 = 0.020 0.230 £ 0.003 0.200 + 0.000 0.020 £ 0.000

March (LS) 29.266 + 0.036 0.190 £ 0.057 2.140 £ 0.000 0.280 £ 0.000 0.206 £ 0.008 0.056 = 0.003

April (US) 29.246 +0.164 0.180 £ 0.000 2.066 + 0.003 0.210 £ 0.005 0.160 £ 0.115 0.040 £ 0.000

April (MS) 29.326 +£0.014 0.146 £ 0.003 2.000 £ 0.000 0.236 £ 0.003 0.190 + 0.000 0.026 + 0.003

April (LS) 29.043 £0.333 0.180 + 0.005 2.066 +0.011 0.310 £ 0.000 0.216 £+ 0.008 0.066 + 0.003

WHO 5.00 0 mg/1 5.00 mg/1 <1 mg/l 0.1 mg/l 0.1 mg/l 0.5-1.5 mg/1

Note: ND - Not Detected; US - Upper Stream; MS — Middle Stream; LS — Lower Stream Sources: Field data (2021),

TABLE V: HEAVY METALS CONCENTRATIONS IN FISH ORGANS AND MUSCLES

m Organ Iron (Fe) Lead (Pb) Zinc (Zn) Chromium (Cr) Cazi(ro(lil)u m Arsenic (As)
Mormyrus rume Hearts 69.510+0.004 3.16+0.023 30.77+0.023 0.701+0.000 0.331+0.004 0.081+0.002
Gills 100.67+0.008 4.12+0.030 19.20+0.000 0.510+0.030 0.075+0.003 0.036+0.004
Liver 88.310+0.004 1.48+0.14 17.27+0.080 0.387+0.008 0.101+0.002 0.080+0.003
Kidney 64.800+0.000 0.66+0.037 19.40+0.030 1.021+0.020 0.090+0.003 0.061+0.004
Muscle 64.467+0.058 0.41+0.020 16.10+0.006 0.634+0.020 0.291+0.000 0.043+0.003
Clarias gariepinus Hearts 59.800+0.000 0.30+0.000 23.56+0.3200 0.323+0.030 0.303+0.003 0.103+0.008
Gill 123.0+0.000 0.91+0.030 29.01+0.057 0.410+0.013 0.064+0.006 0.091+0.021
Liver 54.30+0.003 1.03+0.020 20.04:0.020 0.401+0.000 0.180+0.030 0.073+0.006
Kidney 69.91+0.182 2.20+0.025 27.60+0.030 2.103+0.020 0.078+0.000 0.079+0.004
Muscle 61.10+0.012 0.40+0.030 9.970+0.010 ND 0.026+0.002 0.203+0.303
WHO limit 123.5 mg/l 0.5 mg/1 5 mg/l 0.05-0.15 mg/1 0.005 mg/1 5 mg/l

Source; Field Data (2021).
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D. Bioaccumulation Factor

Bioaccumulation factors (BAF) of heavy metals in M rume
tissues (heart, gill, liver, and muscle) showed that the highest
BAF value (16.1958) was recorded in the metal zinc from the
heart of M rume recorded the highest value while the BAF
least was seen in muscle, as with 0.3425. Furthermore, in C.
gariepinus, the highest BAF was observed in the kidney
(Zn= 850.150) while the least was seen in the muscle
(Cd =1.500). When the results were compared to the limits
described, they showed no probability as all the values were
below 1000.
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Fig. 2. BAFs of heavy from M. rume to sediments. Fieldwork data.

E. Potential Ecological Risk Index

The potential ecological risk index of the heavy metals in
surface water and sediments is revealed in Table VI. The
potential ecological risks of Pb, Zn, Cr, and Cd in the surface
water were below 40, indicating low risk as shown in Table
II. Furthermore, in the sediment, Cd was below 40 meaning
low risk, the values of PERI of Cr and Pb in the sediments
were above 160 suggesting they were a considerable amount
of risk of heavy metals while the value of Zn showed that it
was seriously at risk.

TABLE VI: POTENTIAL ECOLOGICAL RISK INDEX OF SURFACE WATER
AND SEDIMENTS

Potential ecological Potential ecological risk

Element risk index in surface . . -
index in sediment
water
Cd 1.176 14.437
Cr 1.878 287.71
Pb 12.32 175.62
Zn 16.69 1018.42
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Fig. 3. BAFs of heavy from C. gariepinus to sediments.

F. Histopathological Analysis

Fig. 4 and Fig. 6 showed the histological alterations
observed in the liver, kidney, and gill tissues of M. rume. In
Fig. 4a cholestasis presence was observed in the kidney of the
fish while 4(b) revealed necrosis and loss of glomeruli
structure in the kidney of M rume. However, Fig. 5a and 5b
showed the congestion of the central vein and hyperplasia in
the gills respectively. In the liver, Fig. 6a and 6b, lymphocytic
infiltrate and congested vessels were seen in the liver of M.
rume.

The kidney of C. gaiepinus on the other hand, (Fig. 7a, 7b)
exhibited healthy kidney and tubular necrosis. While the gill
in Fig. 8a and 8b, reveals fish congestion of blood and
interlamellar hyperplasia respectively caused by presence of
a monogenean parasite. The livers revealed loss of nuclei of
hepatocytes and necrosis in hepatocytes (Fig. 9a, 9b).

Fig. 4. Photomicrograph of sections (a) showing the presences of
cholestasis (b) necrosis and loss of glomeruli structure found
in the kidney of M rume.

1 -

I
.

Vol 3 | Issue 4 | August 2022



European Journal of Environment and Earth Sciences
www.ej-geo.org

a b
Fig. 6. Photomicrograph of sections (a) shows lymphocytic infiltrate (b)
congested vessel in the liver of M. rume.
W b5 R

7 3 |

okl 3

Fig. 7. Photomicrograph of sections (a) shows healthy kidney (b) tubular
necrosis in the kidney of C. gariepinus.

Fig. 8. Photomicrograph of sections (a) shows congestion of blood (b)
interlamellar hyperplasia caused by presence of a monogenean parasite
in the gills of C. gariepinus.

a b
Fig. 9. Photomicrograph of sections (a) loss of nuclei of hepatocytes (b)
necrosis in hepatocytes in liver of C. gariepinus.

V. DIsSCcUSSION

The obtained heavy metal concentration results from
surface water showed that Pb was not detected in the first two
months of surface water collection while Fe, Zn, and Cr were
below the permissible limits of WHO [36], [37]. This may be
due to the fact that the river was almost dried up at the time
this study was conducted and also, the dry season was at its
peak in Nigeria. Another reason for these results might be that
most of the heavy metals have accumulated in the benthic or
bottom region or the sediments of the river [14], [15]. These
results are however in agreement with those obtained by
Olayinka-Olagunju who suggested that the concentration of
heavy metals examined in Owena River was within
permissible limits of WHO [14].

On the other hand, Cd was seen to exceed the standard
acceptable levels set by WHO [36] in water, sediment, and all
fish organs. Cadmium is not an essential metal; however, it is
very poisonous to fish even at low concentrations [20], [38].
The highest concentration of Cd was seen in the fish tissue
muscle of M. rume followed by sediments and lastly in the
surface water. Cadmium according to [39] was reported to be
an impurity in zinc as it is usually found around zinc ores. In
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addition, Cd is referred to as a toxic trace metal and may be
found in some rocks, fertilizers, galvanized plumbing,
industrial waste, coal, and petroleum [40]. Though no past or
recent studies have revealed any valuable benefit of Cd, most
of the previous studies have revealed negative effects of the
metals. The bioaccumulation of Cd may affect human and
animal organs such as kidneys, hearts, liver, and muscles, and
exposure to high or low concentrations may result in
cardiovascular diseases fatigue, headaches, nausea, vomiting,
abdominal cramps, diarrhea, and fever [41].

Arsenic exceeded the permissible limits of WHO in surface
water only but was within the standard in the sediments and
fish organs. Results from this study were similar to what was
reported by [13] however it differs from the high
concentration reported by [42]. Arsenic like cadmium is a
trace metal that occurs naturally in rocks, and soil and may
also be used by different industries for various purposes. In
addition, As can be combined with other metals to make a
chemical that can be used as insecticides or agricultural
products. However, long-term exposure to inorganic arsenic
in water may cause health-related issues like cancer, skin
discoloration, high blood pressure, and cardiovascular
diseases in humans [43].

In this study, Fe concentration was found to be higher in
sediments but was within the limit in water and fish tissues.
Although Fe is an essential metal, however at higher or large
quantities, it will increase the growth of algae in the river
which will prevent sunlight from reaching the surface of the
river and also disrupt the aquatic food chain. on the other
hand, the presence of algae in freshwater reduces the quality
of water and results in stagnation. The results from this study
are similar to the findings of [14] and [16] who observed high
concentrations of Fe in sediment from different rivers in
Ondo State. The reason for the high concentration in the
sediment may be due to the parent soil of Nigeria [13].

The element Cr was only detected in the lower stream in
the month of February and the concentration was within the
limits. However, in the sediments and fish organs, Cr was
higher than WHO standards. The highest concentration of Cr
was observed in the kidney of the fish species (1.356 kg/l and
1.870 kg/l) and the least was seen in the water samples.
Chromium as a metal exists in two stable oxidation states and
may come across in biological systems [44], [45]. Cr (IIT)
compounds, for example, are predominantly non-hazardous
and are sometimes referred to as essential trace element
nutrients in humans, taking important parts in sugar and fat
metabolism [45], [46]. On the other hand, Cr (VI)
compounds, are more soluble and are very hazardous since
they are effective oxidizing compounds that have been
suggested to pass through cells by an active transport process
in place of phosphate anions, which they structurally
resemble [47]. Previous studies have shown that when the
skin comes in contact with a low concentration of Cr, it may
result in skin irritation and lead ulceration. However, long-
term exposure may result in kidney and liver damage as well
as interruptions of circulatory and nerve issues [48].
Bioaccumulation of Cr in aquatic life is dangerous and may
affect the consumption of fish. Results from this study are
similar to those [14] that reported high concentrations in
Owena River, Ondo State, Nigeria.
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These concentrations of Pb in surface water and sediments
suggests that the samples were not contaminated with lead as
at the time of this study. However, in the fish organs, Pb was
more contaminated in M. rume than in C. gariepinus, this
may be because the former is a benthic fish while the former
is pelagic. This may be because benthic sediments have a
more complex holding capacity to retain heavy metals than
any other segment in the waterbody [15], [49]. Lead (Pb) has
been shown to be linked to anthropogenic activities such as
cement production, battery, e-waste, etc. [50]. Previous
studies have shown that Pb has numerous detrimental effects
on human and animal health even at low concentrations. In
addition, long-term exposure to Pb may cause death or
impairment to the central nervous system, the brain, kidneys,
and liver and could be genotoxic [14]. On the other hand, in
children, Pb has a poisonous effect. Results of this study
corroborate the findings of [13], [14], [S1].

The concentration of Zn was seen to be within the WHO
limit in the water samples but exceeded the standard in
sediments and fish organs. The element zinc has been
classified as an essential metal and it is regulated by many
aquatic organisms and cannot be biomagnified. Although Zn
is essential, it should, however, not exceed the permissible
limits of WHO [36]. Vardi and Chenji [52] are of the opinion
that aquatic organisms absorb Zn from their environment and
not from their feeds. The results from this present study
support the views of [52] as the highest concentrations of zinc
were observed in the fish tissues and organs. Ana et al. [53]
for instance, suggested that the availability of zinc in the
environment depends on physicochemical factors such as pH,
hardness, and dissolved oxygen. [54] further argued that
alloys like brass and bronze, fungicide, and batteries may be
the sources of Zn in sediment. This present study is also
similar to the results obtained by [13] and [54] whose Zn
mean concentrations were higher than the permissible limits
in fish organs.

The order of metals in  surface  water
Fe>Zn>As>Cd>Pb>Cr, in sediments Fe>Zn>Pb>Cd>Cr>As
and in fish tissues Fe>Zn>Pb>Cr>Cd>As. The most striking
thing in the order of heavy metals is that Fe was the most
abundant metal in the three samples. This may be due to
Nigeria’s parent materials. These results are consistent with
those of [13], [55], [56].

The bioaccumulation factor in M. rume heart though the
highest but it suggested no probability also, in C. gariepinus,
the highest BAF seen in kidney implied no probability too.
The interpretation of BAFs metals was described by [57] and
the categories are as follows: BAF < 1000: no probability of
accumulation; 1000 < BAF < 5000: bio-accumulative; BAF
> 5000: extremely bioaccumulative. Therefore, from this
study, according to the categories, all the heavy metal BAFs
were less than 1000 (BAF < 1000), indicating no probability.
The BAF pattern in M. rume was
heart>gills>liver>kidney>muscle.

The result implied that the heart was the most polluted
organ with Zn of M. rume, thus, high concentrations of metals
in humans or animals have been reported to cause
cardiovascular issues. The results, however, corroborate the
findings of [58] who observed a high concentration of Zn in
the heart of Epinephelu microdon collected from Saudi
Arabia. In addition, C. garieinus order was as follows:
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kidney>gill>heart>liver>muscle. ~The kidney of C.
gariepinus had the highest concentration of zinc and may
have adverse effects at a very high probability. This result,
however, differs from the results obtained by [13], however,
it is similar to the result of [58]. The BAF order of both M.
rume and C. gariepinus are reported respectively as follows:
Zn>Pb>Cr>Fe>Cd>As and Zn>Cr>Fe>As>Pb>Cd. The
result implied that zinc, an essential element was the most
abundant metal BAF in both fish.

The potential ecological risk index of the heavy metals in
surface water suggested low risk implying that the surface
water sample were not hazardous. On the other hand, results
from the sediments, suggested that the PERI ranged from
considerable amount of hazard to a very serious hazard
suggesting that the sediments were extremely contaminated
with Cr, Pb and Zn. This study therefore suggest that the
PERI of the water was less than the sediments, implying that
the sediments were more toxicity than the water sample. This
study implied that all benthic organism in this site might be
affected by Cr, Pb and Zn. This study differs from the opinion
of [13] who reported moderate risk in the samples examined
at Ogbese River.

Histopathological alteration in the affected livers resulted
to cholestasis, a condition that affects bile flow, and leads to
the accumulation of bile fluid in the liver. The condition may
further cause serious disecase or death due to pruritus,
malnourishment and difficulties from portal hypertension
secondary to biliary cirrhosis. However, according to [59]
histopathological alterations were not metal-specific and may
not be associated with hepatic responses to toxicant
exposures. More so, the presence of pollutants may alter
cellular changes that are sometimes seen in the liver as a
result of their continuous metabolic detoxification and
biotransformational activities [2].

Similarly, necrosis, a kidney disorder was observed to have
caused changes in the fish. Necrosis causes damage to the
tubule cells of the kidneys and may result in acute kidney
failure. The tubules are tiny ducts in the kidneys, which aid
blood filtration when passes through the kidneys [60]. The
major causes of necrosis include low blood supply to the
kidney resulting from chemical medications that disrupt the
kidney and serious body infections. The observed alterations
in the gills showed shows congestion of blood in the central
vein, hyperplasia, and interlamellar hyperplasia caused by
presence of a monogenean parasite. Hyperplasia and
hypertrophy of epithelial cells are the most common
histopathological damages associated with fish gills in
freshwater environments [2]. These alterations are usually
associated with fat, surrounding, and intermingling to the
primary and secondary lamellae [61]. This result corroborates
the findings of [2] and [18] who reported similar gill
alterations and stated that the alteration is associated with
heavy metal contamination in the aquatic environment.
However, the alteration in this study could be linked to the
presence of parasites which could be a result of defaecation
from human subjects into the aquatic ecosystem which were
seen during the sample collection.
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VI. CONCLUSION

Even though some heavy metals concentrations exceeded
the permissible limits in the water, sediments and organs in
the sampled fish species, these fish may cause some severe
health threats diversity of the fish in their habitat and
injurious to human health after consumption. Thus, the
bioaccumation of heavy metals need to be reduce through
constant monitoring of Ose River as well as educating the
populace on the danger of the nature of their activities due to
ability of heavy metals to up and biomagnify over time.
Lastly, effective implementation and enforcement of
legislation on appropriate disposal of domestic and industrial
waste measures may help to decrease heavy metal exposure
in the aquatic environment.

ACKNOWLEDGMENTS

I wish to appreciate the fishers on from Ose River, the
technologist from Adekunle Ajasin University, ABUAD, and
FUTA for assisting with the various analysis. I also wish to
appreciate Yemi, Damilola, Blessing, Helen, and Titi.

FUNDING
The author did not get any funding for this study.

CONFLICT OF INTEREST

The author declares that no conflict of interest.

REFERENCES

[1] Elbeshti RT, Elderwish NM, Abdelali KM, Tastan Y. Effects of heavy
metals on fish. Menba J Fish Fac. 2018; 4(1):36-47. Available from:
http://asosindex.com.tr/TBTKK/ menba/506762.pdf.

[2] Abalaka SE, Enem, SI, Idoko IS, Sani, NA, Tenuche, OZ, Ejeh, SA,
Sambo WK. Heavy Metals Bioaccumulation and Health Risks with
Associated Histopathological Changes in Clarias gariepinus from the
Kado Fish Market, Abuja, Nigeria. Journal of Health & Pollution.
2020; 10 (26): 1-12.
https://www.ncbi.nlm.nih.gov/pme/articles/PMC7269322/.

[3] El-Naggar AM, Mahmoud SA, Tayel SI. Bioaccumulation of some
heavy metals and histopathological alterations in liver of Oreochromis
niloticus in relation to water quality at different localities along the
River Nile, Egypt. World Journal of Fish and Marine Sciences. 2009;
1(2): 105-114. http://www.pvamu.edu/texged.

[4] Boscher A, Gobert S, Guignard C, Ziebel J, L’Hoste L, Gutleb AC,
Cauchie HM, Hoffmann L, Schmidt G. Chemical contaminants in fish
species from rivers in the North of Luxembourg: potential impact on
the Eurasian otter (Lutra lutra). Chemosphere, 2010; 78(7): 785-792.
https://doi.org/10.1016/j.chemosphere.2009.12.024.

[51 Ricart M, Guasch H, Barcel6 D, Brix R, Conceigdo MH, Geiszinger A,
de Alda MIJL, Lopez-Doval JC, Muiioz I, Postigo C, Romani AM,
Villagrasa M, and Sabater, S. Primary and complex stressors in
polluted Mediterranean rivers: pesticide effects on biological
communities. Journal of Hydrology. 2010; 383(1-2): 52-61.
https://doi.org/10.1016/j.jhydrol.2009.08.014.

[6] Farombi EO, Adelowo OA, Ajimoko YR. biomarkers of Oxidative
stress and heavy metal level as indicators of Environmental pollution
in African cat fish (Clarias gariepinus) from Ogun River. Int. J Environ
Res Public Heal. 2007; 4(2):158-65.
https://doi.org/10.3390/ijerph2007040011.

[71 Ashamo MO, Raheem A. Bioaccumulation of Heavy metals In Some
Freshwater Fishes from Ogbese River, Ogbese, Ondo State. FUTA
Journal of Research in Sciences. 2017; 13 (2): 225-235.
https://www fjrs.futa.edu.ng.

[8] Plessl C, Otachi EO, Korner W, AvenantOldewage A, Jirsa F. Fish as
bioindicators for trace element pollution from two contrasting lakes in

DOLI: http://dx.doi.org/10.24018/ejgeo.2022.3.4.300

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

RESEARCH ARTICLE

the Eastern Rift Valley, Kenya: spatial and temporal aspects. Environ
Sci Pollut Res Int. 2017, 24(24):19767-76.
https://doi.org/10.1007/s11356-017-9518-z.

Authman MMN, Abbas HH, Abbas WT. Assessment of metal status in
drainage canal water and their bioaccumulation in Oreochromis
niloticus fish in relation to human health. Environmental Monitoring
and Assessment. 2013;185(1): 891-907.
https://link.springer.com/article/10.1007/s10661-012-2599-8.

Kock, G, Triedl M & Hofer. R. 1996. Seasonal Pattern of Metal
Accumulation In Arctic char (Salvelinus alpinus) from an oligotrophic
Alpine lake relate to temperature. Can. J.Fish. Aqat. Sci. 1996; 53: 780-
786. https://doi.org/10.1139/£95-243.

Naigaga I, Kaiser H, Muller WJ, Ojok L, Mbanazi D, Magezi G,
Muhumaza E. Fish as bioindicators in aquatic environmental pollution
assessment: A case study in Lake Victoria wetlands, Uganda. Phys
Chem Earth Parts A/B/C. 2011;36(14-15):918-28. https:/doi.
org/10.1016/j.pce.2011.07.066.

Kojadinovic J, Potier M, Le Corre M, Cosson RP, Bustamante P.
Bioaccumulation of trace elements in pelagic fish from the Western
Indian Ocean. Environ Pollut. 2007; 146(2):548-66. Available from:
https:// doi.org/10.1016/j.envpol.2006.07.015.

Olayinka-Olagunju ~ JO, Dosumu A, Olatunji-Ojo AM.
Bioaccumulation of Heavy Metals in Fish organs, Water and Sediments
of Ogbese River, Ondo State, South Western Nigeria. Water, Air and
Soil Pollution: An International Journal of Environmental Pollution.
2021; 232:44. https://doi.org/10.1007/s11270-021-04987-7.
Olayinka-Olagunju JO. Analysis And Potential Ecological Risk
Assessment of Heavy Metals in Surface Water and Sediments of
Owena River Ondo State. FUTA Journal of Research in Sciences.
2021.; 1(1): 39-53. https://www fjrs.futa.edu.ng.

Akindele EO, Omisakina OD, Onia OA, Aliu OO, Omoniyi GE,
Akinpelu OT. Heavy metal toxicity in the water column and benthic
sediments of a degraded tropical stream. Ecotoxicology and
Environmental Safety. 2020; 190:1-8.
https://doi.org/10.1016/j.ecoenv.2019.110153.

Olatunji-Ojo AM, Olayinka-Olagunju JO, Odedeyi DO, Adejuyigbe A
(2019) Ecological risk assessment of heavy metals in sediment from
oil-producing regions of Ilaje Local Government Area of Ondo State,
Nigeria. International Journal of Research and Scientific Innovation.
2019; 6(6): 263-270. https://www.fjrs.futa.edu.ng.
Olayinka-Olagunju, JO. Assessment of heavy metal contamination and
pollution indices in water, sediments and fish organs of Ose River Ondo
State Southwestern Nigeria. 2022 [accepted by Nigeria Journal of
Fisheries]. 2022; (NJF-MS-21-058).

Abalaka SE. Heavy metals bioaccumulation and histopathological
changes in Auchenoglanis occidentalis fish from Tiga dam, Nigeria. J
Environ Health Sci Eng 2015;13: Article 67 [8 p.]. https:/doi.
org/10.1186/540201-015-0222-y.

Ibrahim SA, Authman MM, Gaber HS, El-Kasheif MA.
Bioaccumulation of Heavy Metals and their Histopathological Impact
on Flesh of Clarias gariepinus from El-Rahawydrain, Egypt.
International Journal of Environmental Science and Engineering.
2013;4:51-73.

Mustafa AS. Histopathology and heavy metal bioaccumulation in some
tissues of Luciobarbus xanthopterus collected from Tigris River of
Baghdad, Iraq. Egyptian Journal of Aquatic Research. 2020;46:123-
129. https://doi.org/10.1016/j.ejar.2020.01.004

Rocha E, Monteiro RAF. Histology and cytology of fish liver: A
review, p.321-344. In: Saksena D.N. (ed.) Ichthyology: Recent
research advances. Science Publishers, Enfield, New Hampshire. 1999.
Boudou A, Scauld DG, Desmazes ID. Ecotoxicological role of the
membrane barrier’s in Transport and Bioaccumulation of Mercury
compound in J.ONriagu (ed). Aquatic Toxicology: Wiley Interscience
Publication, John Wiley and Sons, New York. 1983.

Mohamed FAS. Histopathological studies on Tilapia zilli and Solea
vulgaris from lake Quran, Egypt. World Journal of Fish and Marine
Sciences. 2009;1(1):29-39.
https://www.researchgate.net/publication/242150463.

El-Bakary NER, Said SB, El-Badaly A. Using Oreochromis niloticus
for assessment of water quality in water treatment plants. World
Applied Sciences Journal. 2011;12(9):1455-1463.
https://www.researchgate.net/publication/228508118 Using_Oreochr
omis_niloticus_for Assessment of Water Quality in Water Treatm
ent Plants.

Wang DY, Huang BQ, Ueng JP. Structural changes in the muscular
tissue of thornfish (Terapon jarbua, Forsskal) under TBT (tributyltin)
exposure. Journal of the Fisheries Society of Taiwan. 2004; [cited 2013
Sept.] 31(3): 225-234.
https://www.airitilibrary.com/Publication/alDetailedMesh?DocID=03
794180-200409-31-3-225-234-a.

Vol 3 | Issue 4 | August 2022



RESEARCH ARTICLE

European Journal of Environment and Earth Sciences
www.ej-geo.org

[41]

[42]

[43]

[44]

[45]

Obahiagbon K, Olowojoba G. Metal toxicity in mammals, volume 2 of
chemical toxicity of metals and metalloids. 2007; New York: Plenum
press. 2007.

Thinh N, Ozaki AO, Tho H, Duc A, Thi Y, Kurosawa, K. Arsenic and
heavy metal contamination in soils under different land use in an
estuary in Northern Vietnam. International Journal of Environmental
Research  and  Public ~ Health.  2016;  13(11): 1091.
https://doi.org/10.3390/ijerph13111091.

EGLE (Environment, Great Lake and Energy). Great lakes water
infrastructure conference. 2022
http:/www.michigan.gov/pfasresponse.

Costa M. Toxicity and carcinogenicity of Cr (VI) in animal models and
humans. Crit. Rev. Toxicol. [Internet]. 1997; 27: 431- 442.
https://doi.org/10.3109/10408449709078442.

Tully DB, Collins BJ, Overstreet, DJ, Smith, CS, Dinse GE, Mumtaz
MM, Chapin, RE. Effects of Arsenic, Cadmium, Chromium, and Lead
on Gene Expression Regulated by a Battery of 13 Different Promoters
in Recombinant HepG?2 Cells. Toxicology and Applied Pharmacology.
2000; 168: 79 —90 https://doi:10.1006/taap.2000.9014.

DOLI: http://dx.doi.org/10.24018/ejgeo.2022.3.4.300

[26] Koca YB, Koca S, Yildiz §, Giircii B, Osang E, Tungbas O, Aksoy G. [46] Anderson RA. Chromium as an essential nutrient for humans. Regul.
Investigation of histopathological and cytogenetic effects on Lepomis Toxicol. Pharmacol. 1997; 26: S35-S41.
gibbosus (Pisces: Perciformes) in the Cine stream (Aydin/Turkey) with https://doi.org/10.1006/rtph.1997.1136.
determination of water pollution. Environmental Toxicology. 2005; [47] Cohen MD, Kargacin B, Klein CB, Costa M. Mechanisms of chromium
20(6): 560-571. https://doi.org/10.1002/tox.20145. carcinogenicity and toxicity. Crit. Rev. Toxicol. 1993; 23: 255-281.

[27] Falowo OO, Akindureni Y, Ojo O. Irrigation and Drinking Water https://doi.org/10.3109/10408449309105012.

Quality Index Determination for Groundwater Quality Evaluation in [48] ATSDR (Agency for Toxic Substances and Disease Registry).
Akoko Northwest and Northeast Areas of Ondo State, Southwestern Toxicological profile for /arsenic. U.S. Department of health and
Nigeria. American Journal of Water Science and Engineering. human services. Public Health Service, pp. A-5. 2000.

2017;3(5):50-60. doi: 10.11648/j.ajwse.20170305.11. [49] Morin D, Lips A, Pinches T, et al. BioMinE — Integrated project for the

[28] Orjiekwe CL, Solola SA, Chinedu NB. Assessment of water quality of development of biotechnology for metal-bearing materials in Europe.
Ogbese River in Ovia North-East Local Government area of Edo State, Hydrometallurgy. 2006; 83(1-4): 69-76.

Nigeria. International Journal of Current Research. 2013; 5(11), 3422 [50] Ogunbileje JO, Sadagoparamanujam VM, Anetor JI, Farombi O. Lead,
—3427. https://www.ajol.info/index.php/ijbes/article/view/103513. mercury, cadmium, nickel, copper, zinc, calcium, iron, manganese and

[29] Ali, M. M., Ali, M. L., Islamc, M. S., & Rahman, M. Z. (2016). 964 chromium (vi) in Nigeria and United States of America cement dust.
Preliminary assessment of heavy metals in water and sediment of Chemosphere. 2013; [March 2013]; 90 (11): 2743-2749.
Karnaphuli River. Environmental Nanotechnology, Monitoring & https://doi.org/10.1016/i.chemosphere.2012.11.058.

Management. 2016; S: 27 -35. [51] Adekoya J, Williams A, Olusegun A. Distribution of heavy metals in
https://doi.org/10.1016/j.enmm.2016.01.002. sediments of Igbede, Ojo and Ojora rivers of Lagos, Nigeria. The

[30] YiY, Yanga Z, Zhang S. Ecological risk assessment of heavy metals Environmentalist. 2006; 26: 277-280. https://doi.org/10.1007/s10669-
in sediment and human health risk assessment of heavy metals in fishes 006-9077-1.
in the middle and lower reaches of the Yangtze River basin. [52] Vardi, V, Chenji, V. Bioaccumulation of heavy metals in edible marine
Environmental Pollution. 2011; 159: 2575-2585. fish from coastal areas of Nellore, Andhra Pradesh, India. GSC
https://doi.org/10.1016/j.envpol.2011.06.011. Biological and Pharmaceutical Sciences. 2020. 10(01):18-24.

[31] AOAC. Official methods of analysis. In Association of 976 Official [53] Ana GR, Oloruntoba EO, Shendell D, Elemile OO, Benjamin OR,
Analytical Chemists. 15th ed. Washington D.C, 2005, pp. 11-14. Sridhar MK. Solid waste management problems in secondary schools

[32] Ojokoh AO. Roselle (Hibiscus Sabdariffa) calyx diet and in Ibadan, Nigeria. Journal of Environmental Health. 2011; 74(2): 24—
histopathology changes in liver of Albino rats. Pak. J. Nutr. 28.

[Internet] 2006;5,110-113. [54] Ochieng E, Lalah J, Wandiga S. Analysis of heavy metals in water and
https://scialert.net/abstract/?doi=pjn.2006.110.113. surface sediment in five rift valley lakes in Kenya for assessment of

[33] de Lillo E, Craemer C, Amrine JW, Nuzzaci G. Recommended recent increase in anthropogenic activities. Bulletin of Environmental
procedures and techniques for morphological studies of Eriophyoidea Contamination and  Toxicology. 2007; 79: 570-576.
(Acari: Prostigmata). Experimental and Applied Acarology. [Internet]. https://doi.org/10.1007/s00128- 007-9286-4.
2010;51(1-3),283-307. https://doi.org/10.1007/978-90-481-9562- [55] Onjefu SA, Abah J, Nambundunga B. Some heavy metals’
6_15. concentrations in roadside dusts at Monte Christo, Windhoek Namibia.

[34] Jiao B, Xu G, Li D, Luo J, Yang K. Hazards of heavy metals in coal. International Journal of Environmental Science and Development.
Disaster Advances. 2012; [cited Jan. 2021];5(4):1812-1818. 2017; 8: 647-652.
https://www.webofscience.com/wos/WOSCC/fullrecord/0003131001 [56] Adesuyi AA, Njoku KL, Akinola MO. Assessment of heavy metals
00315. pollution in soils and vegetation around selected industries in Lagos

[35] Dong J, Bian Z, Wang, H. Comparison of heavy metal contents State, Nigeria. Journal of Geoscience and Environment
between different reclaimed soils and the control soil. Journal of China Protection. 2015; 3: 11-19.

University of Mining and Technology. 2007; 36(4), 531-536. http://www.scirp.org/journal/PaperInformation.aspx?PaperID=59420
https://www.osti.gov/etdeweb/biblio/21240255. &#tabstract.

[36] WHO (World Health Organization). Guidelines for drinking water [57] Arnot JA, Gobas FA. A review of bioconcentration factor (BCF) and
quality. (4th ed) p. 564. Geneva: 2011. bioaccumulation factor (BAF) assessments for organic chemicals in

[37] WHO (World Health Organization) Malathion in drinking water. aquatic organisms. Environmental Reviews. 2006; 14: 257-297.
Background Document for preparation of WHO Guidelines for https://doi.org/10.1139/a06-005.
drinking water Quality. (WHO/SDE/ WSH/ 03.04/103). 2003. [58] Ashraf M, Accumulation of heavy metal in kidney and heart of

[38] Burden VM, Sandheinrich CA, Caldwell A. Effects of lead on the Epinephelusmicrodo fish from Arabian. Gulf Environ Asses. 2005;
growth and alpha amino levulinic acid dehydrates activity of juvenile 101:311-316. https://doi.org/10.1007/s10661-005-0298-4.
rainbow trout, Oncorhynchus mykiss. Environmental Pollution. 1998; [59] Hinton DE, Lauren DJ. Integrative histopathological approaches to
101: 285-289. https://doi.org/10.1016/S0269-7491(98)00029-3. detecting effects of environmental stressors on fishes. In: Adams SM,

[39] Samlafo BV. Level of cadmium in soil, sediments and water samples editor. Biological indicators of stress in fish. Bethesda (MD): American
from Tarkwa and its environs. Afiican Journal of Educational Studies Fisheries Society Symposium; 1990. p. 51-6.
in Mathematics and Sciences. 2006; 4:53-59. [60] YiY]J, Zhang SH. Heavy metal (Cd, Cr, Cu, Hg, Pb, Zn) concentrations
https://doi.org/10.1021/acs.est.0c03114. in seven fish species in relation to fish size and location along the

[40] Sobha V, Varma NK, Ajith VV. Comparative evaluation of laser Yangtze River. Environmental Science and Pollution Research. 2012;
etching and acid etching: an in vitro study. International Journal of 19(9): 3989-3996., 2019. Available from:
Laser Dentistry. 2016;6:6-11. https://doi. org/10.5005/jp-journals- https://doi.org/10.1007/s11356-012-0840-1.

10022-1079. [61] Movahedinia A, Abtahi B, Bahmani M. Gill Histopathological Lesions

of the Sturgeons. Asian Journal of Animal and Veterinary Advances.
2012; 7: 710-717.

Josephine O. Olayinka-Olagunju is a researcher
and lecturer in the Department of Animal and
Environmental — Biology, Adekunle Ajasin
University, Akungba-Akoko, Ondo State, Nigeria.
She obtained her PhD from the University of the
Witwatersrand, Johannesburg, South Africa from
the Department of Geography and Environmental
Studies. Also, she had her MSc from the University
of Essex and BSc from Adekunle Ajasin

University, Akungba-Akoko, Ondo State, Nigeria. Her research interests
are ecotoxicology, waste management, environmental pollution and
microplastics.

Vol 3 | Issue 4 | August 2022



