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Abstract

Despite the irreplaceable value of the aquatic ecosystem to livelihoods, the continuous release of heavy
metals into the marine environment have remained an issue of global concern due to their
bioaccumulation, and potential toxicity in biological systems and humans. This study investigated the
Pollution Status and Ecological Risk of Heavy Metals in Surface Water and Sediment of the Coastal
Creeks of Ondo State. Water and sediment samples were collected from four stations between June, 2019
and April, 2021. Heavy metals in the samples were analyzed with GBC Savant AA Sigma Flame Atomic
Absorption Spectrometer (AAS). The results of the mean level of heavy metals were in the order;
Fe>Zn>Cu> Ni> Co>Pb> Cd>Cr for surface water; and Fe> Cu> Co> Ni >Zn > Pb > Cr> Cd for sediment. The
single-factor pollution index revealed slight to serious pollution of the water, and low to moderate
pollution of the sediment. The degree of contamination (Cd) and the geoaccumulation factors (Igeo) of
individual metals were also low. The ecological risk (Er) of individual metal showed low risk in the
sediment, except for Cadmium that showed moderate risk (40<Eir < 80) across the stations. On the other
hand, the potential ecological risk (RI) revealed low risk (RI <150) of heavy metals in the sediment. The
enrichment factors (Ef) for individual metals were greater than 40 (Ef 240), which suggests extremely high
enrichment of heavy metal in the sediment through anthropogenic sources. This study provided insights
into the pollution status of the surface water and sediment of the coastal creeks of Ondo state and it
associate potential ecological risks.

Keywords: Coastal waters; sediments; heavy metals, Pollution status; ecological risk.

Introduction. threat to aquatic biota and human health
Continuous increase in urbanization and (Garnero et al, 2010; Ajani et al., 2021).
industrialization are the major reasons for Heavy metals enter the sediments in marine
the continuous discharge of large quantities environment via numerous pathways,
of heavy metals from anthropogenic sources including fertilization, irrigation, runoff,
into the marine ecosystem, has resulted to rivers, deposition of the atmosphere, and land
surface water pollution and devastating sources, where metal production occurred
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from by-products of crude oil refining and
metal mining (Ajayi et al., 20211).

Heavy metals in water are enriched in
sediments and organisms through various
ways, which will cause unavoidable harm to
the organism (Ediagbonya and Adesokan,
2019; Ediagbonya et al, 2022). In the
assessment system of water environmental
pollution, heavy metals have already
become the important factor of the marine
environmental quality evaluation (Ray et
al., 2013; Mustapha et al., 2021; Loto et al.,
2022). Some metals, such as Fe, Cr, Cu, Ni,
Mn, and Zn are necessary for marine
organisms, but they may be toxic if present
in high concentrations. On the other hand,
some metals are considered mostly toxic to
the marine life, even if they exist in a little
quantity (Jumbo et al., 2015), for example
Hg, Pb, Cd, and Ag. Sediments are regarded
as the main store and final receiver for the
metals discharged into the ecosystem
(Mustapha et al., 2021).

Heavy metals are known to be one of the
major inorganic pollution sources, with a
significant negative impact on marine
ecosystems (Bodin et al., 2013). They show
increasing concentrations in sediments
through complex physical and chemical
adsorption mechanisms depending on the
nature of the sediment matrix and the
properties of the adsorbed compounds
there-in (Ibanga et al.,, 2019). They are
considered a potential secondary water
pollution source with changes in
environmental conditions such as pH,
redox potential, organic matter content and
temperature (Fahad et al., 2015). The
content of heavy metals in sediments is
usually three to six orders of magnitude
higher than that in water, which implies
that sediment is the main storage reservoir
of heavy metals in water environment and
plays an important indicator role for water
pollution (Ajani et al, 2021). Currently,

ISSN: 2714-3716

various indexes have been developed to
assess environmental risks for heavy metals
in sediments based on their total contents,
bioavailability, and toxicity (Liao et al., 2012;
Bubuetal,2018).

Heavy metal risk assessment methods based
on total concentration calculation have been
widely proposed (Xia et al, 2020), mainly
including two categories: one is related to
background values, the other is related to
sediment quality guidelines. Background
values mainly include three types: soil
background value in each investigated area
(BV), control value of surface sediment (Cvs,
samples collected from the study area that are
uncontaminated), and control value of deep
sediment (Cvd, samples collected from the
bottom of sedimentary column). indices help
to determine whether the accumulation of
heavy metals was due to natural processes or
was the result of anthropogenic activities
(Sutherland, 2000; Elias and Gbadegesin
2011; Caeiro et al. 2015). Further, pollution
indices have a great importance for
monitoring soil quality and ensuring future
sustainability, especially in the case of agro-
ecosystems (Ogunkunle and Fatoba 2013;
Ripin et al. 2014).

The increasing needs to meet the food supply
of growing population has put a lot of
pressure on coastal and marine resources,
therefore, the utilization of wastewater for the
production of aquatic biota has created great
harm to human through the food chain
contamination (Igbal et al., 2020).

Mahin Lagoon is one of the Lagos lagoon
complex systems in the Gulf of Guinea coast,
West Africa (Loto et al.,, 2023). It meets a lot of
social economic needs of the people such as
fishing, sand mining, transportation, etc.
There are reported proliferations of coastal
settlements that have led to the generation of
industrial and domestic anthropogenic
effluents which eventually find their way into

1093



Loto et al., Coast, J. Sch. Sci. 6 (2): 1092 - 1106

the Mahin lagoon as an ultimate sink (Loto
et al,, 2023). This study aimed to investigate
the level of concentrations, the pollution
status, and the potential ecological risk of
heavy metals in surface water and sediment
of the coastal creeks in Ondo State, Nigeria.

Materials and Methods

Study Area

The coastal area of Ondo State lies on
Latitude 5° 50'N — 6° 09'N and Longitude 4°
45'E — 5° O5'E (Ajibare, 2014). The area is
occupied by the Ilajes in linear settlements
along the coast with a fast-growing
population, most of whom utilize the water
for various purposes (Agunbiade et al.
2010). The study area witnesses high
economic activities with active oil
exploration, fishing and other agricultural
activities, trading and boat making. Boat
transportation appears to be the only
means of transportation of people and
goods in the area. These activities,
alongside other municipal use tend to
pollute the water and its underlying
sediments Mangrove swamp is the
dominant vegetation type in this area,
especially the red mangrove Rhizophora
racemose and the white mangrove
Avicennia spp, typical of swamps. A striking
feature of vegetation in the area is the
desiccation induced by marine water
incursion into about 10,000 hectares of
freshwater swamp forest (Ajibare et al.,
2018). The terrain is characterized by near
sea level swamp flat at the estuary which
gently rises northward. The area is drained
by many perennial streams and rivers, that
traverse several settlements of the coast,
and empties into the open ocean through
the estuary with exchanges of water
between the ocean and the coastline (Loto et
al. 2022). There is also the prevalence of
erosion gullies along the river banks,
shoreline and coastlines. Mud crack is a
common sedimentary structure found in
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the area during the dry season, usually
formed by dried saturated mud.

Four (4) major fishing communities, Ugbo,
Ugbonla, Ayetoro and Oroto were selected in
Ilaje Local Government Area of Ondo State.
The site selection was based on the
population/aggregation of fishing
families/possible anthropogenic inputs,
geographic distribution, catch volume and
species diversities of the fish catches in the
area.

Samples' collection and Analysis

Water samples

A total of Two Hundred and Eight-Eight (288)
samples of water were collected with 1L
sampling bottles in the entire sampling
periods (24 months). Samples were collected
bimonthly at each station and transported in
ice chest to the Laboratory for the
determination of heavy metals (Zn, Pb, Fe, Cu,
Cr, Cd, Ni and Co) analysis. 25 ml of each
water sample was digested with 15 ml of HNO,
in a fume cupboard at 130°C until 2-5 mL
remained in the beaker. The water digests
were then filtered through Whatman no. 41
filter paper and then made to 50 mL volume
using deionized water. Sampling and analysis
were conducted according to APHA (APHA,
2000).

Sediment samples:

A total of Two Hundred and Eight-Eight (288)
samples of sediment were collected in the
entire sampling periods (24 months). Samples
were collected bimonthly at each station,
using the Van Veen grab (0.5 cm’), and kept in
foil. The samples were placed in ice-chest and
transported to the laboratory for analyses.
Samples were air dried and after
homogenization using pestle and mortar, they
are passed through a 2 mm mesh screen and
stored in polyethylene bags. About 2.0 g
portion of dried sediment were digested in 15
cm3 of tri- acid mixture (HNO,, HCl and
H,SO,, as 5:1:1 ratio) at 80°C until the
transparent solution appeared (Thomas and

1094



Loto et al., Coast, J. Sch. Sci. 6 (2): 1092 - 1106 ISSN: 2714-3716

Mohaideen, 2015). After cooling, the
digested sample was filtered using
Whatman No. 41 filter paper and the filtrate
was finally maintained at 50 cm3 distilled
water. The clear solution was then poured
into sample bottles for reading in the Atomic
Absorption Spectrometer. All the matrixes
were analyzed for Zn, Pb, Fe, Cu, Cr, Cd, Ni
and Co by ACCUSYS 211 Atomic
Absorption spectrophotometer, using the
respective lamps and wave lengths.
Pollution Indices of Water

The Single-Factor Pollution Index (Pi)

The Single-Factor Pollution Index (Pi) was
calculated as:
P= g(Yan et al., 2015)

S; (1)
Where: P, is the pollution index of pollution
indicator in water,

C. is the concentration of the pollution
indicator in water (mg/1)

S, is the permissible limit for the pollution
indicator in water.

The single-factor pollution index (P, is
classified into five grades, according to Yan et
al., (2015) (Table 2).
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Figure 1: Map showing sampling locations in Coastal Creeks of Ondo state

Table 1: Standards for single-factor pollution index (Pi)

Pi Pollution grades
<04 Non-pollution
04 -1.0 Slight pollution
1.0 - 2.0 Medium polluted
2.0-5.0 Heavy polluted
>5.0 Serious polluted
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_ 1yn G
CPl = o i=lg. (Taoetal,2011) (2)

Where: CPI = the comprehensive pollution
index,
C, = concentration of the pollution indicator i
(mg/1),
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S, = permissible limit for the pollution
indicator iin water

n = the number of analyzed pollution
indicators.

CPl is classified according to Tao et al. (2011)

into five water quality levels (Table 3).

Table 2: Classification of surface water quality based on CPI

Values Water Quality Grades
<0.2 Cleanness

0.21-04 Sub-cleanness
0.41-1.0 Slight pollution
1.01-2.0 Moderate pollution

> 2.01 Severe pollution

Pollution and Ecological Risk Assessment

of Heavy Metals in Sediment

Single Pollution Index (PI)

An index that can be used to determine

which heavy metal represents the highest

threat for a soil environment is the Single

Pollution Index (PI).

pi=—1 (3)
GB

where Cn is the content of heavy metal in

sediment and GB is values of the

geochemical background.

Nemerow Pollution Index (PI,......)

The Nemerow Pollution Index (Ply.,c0.) Was

calculated as describes by Gong et al,

(2008), using equation (4).

2

P]Nem?mw _ J(ix?_i PI])] +PI2max “@)
where Pl—calculated values for the Single
Pollution Index, PI max—maximum value
for the Single Pollution Index of all heavy
metals and n—the number of heavy metals.
Based on PI five classes of sediment
quality were created (Table 3).
Contamination Factor (Cf)

Nemerow?

Contamination factor Cf was calculated by
dividing the concentration of metal in the
sample by the concentration of the same

metal in the reference or background area, as
described by Hakanson (1980), using
equation (5):

Cf = g

Ch (5)
where Cfis the contamination factor, Cs is the
metal concentration in the sample, and Cb is
its background (reference) concentration.
Degree of Contamination (Cd)
The Degree of Contamination (Cd) of heavy
metal in sediment was estimated according to

Hakanson (1980), using equation (6):
Cd = Yi, Cf (6)

where Cf—contamination factor and n—the
number of analyzed heavy metals.
Geoaccumulation Index (Igeo)
The Geoaccumulation Index (Igeo) of heavy
metals in the sediment was calculated
according to Muller, (1969), using equation
(7):

cn
Igeo = log, [ 7] @
where Cn—concentration of individual heavy
metal, GB—value of geochemical background
and 1.5 is constant, allowing for an analysis of
the variability of heavy metals as a result of
natural processes. Igeo values are helpful to
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divide sediment into quality classes (Muller,
1969).

Potential Ecological Risk (PER)

Potential ecological risk (PER) of heavy
metals in the sediment was estimated
according to Hakanson (1980), using
equation (8):

PER = Y1 Er (®)
wirere n—uie number of heavy metals and
Er—single index of the ecological risk factor
calculated based on the equation:

E =T, X PI 9)
where T', is the toxicity response coefficient
of an individual metal (Hakanson1980) and
PI— calculated values for the Single
Pollution Index. Based on the potential
ecological risk, five classes of soil quality
were distinguished (Table 3).

Enrichment Factor (EF)

The Enrichment Facto (EF) was calculated

ISSN: 2714-3716

as described by Sutherland (2000), using
equation (10):

22 sampte

EF = [f_;‘f[]blckgmung (10)
where [Cn /LV] .,.—content of analyzed
heavy metal (Cn) and one of the following
metals Fe/Al/Ca/Ti/Sc/ Mn (LV) in the
sample and [Cn/ LV] . ,.....«—Teference
content of the analyzed heavy metal (Cn) and
one of the following metals
Fe/Al/Ca/Ti/Sc/Mn (LV). If the value of EF
ranges from 0.5 to 1.5 (Table 3), it can be
stated that the content of that particular
heavy metal in the sediment is caused by
natural processes. However, if the value of EF
exceeds 1.5, there is a possibility that the
heavy metal contamination occurred as a
result of anthropogenic activities (Elias and
Gbadegesin 2011).

Table 3: Pollution categories for each evaluation index

Index I II III v \'A
Single -factor Pjj <1 1<Pij<2 2<Pjj<3 3 <Pjj<5 Pij>5
pollution Unpolluted Slight Moderate Heavy Severe
Nemerow Pi <0.7 0.7<Pi<l 1 <Pi2 2<Pi<3 Pi>3
pollution Unpolluted  Slight Moderate Heavy Severe
Contamination Cf<1 1=Cf<3 3<Cf<6 Cf26
factor low moderate considerable Very high
Contamination Cf<8 8< Cd< 16 16< Cd < 32 Cf= 32
degree low Moderate Considerable Very high
Geochemical Igeo <0 O<Igeo < 1 1<Igeo < 2 2<Igeo < 3 Igeo 23
accumulation Unpolluted  Slight Moderate Heavy Extreem
Ef<2
Enrichment Deficiency 2<Ef<5 20 < Ef<40 Ef>40
factor tominimal =~ Moderate Very high Extremely high
enrichment
Singleindexof g 49 40<Eir<80 80 < Eir <160 160< Eir < 320 Eir > 320
potential Low risk Moderaterisk Considerable risk significantly high Extremely
ecological risk high
Comprehensive 115 150 <RI<300 300 < RI < 600 RI> 600
potential Low Middle Relatively high High

ecological risk

Source: Mobarak et. al. (2021)
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Results

Heavy metals concentrations in surface
water and sediment of the Coastal Creeks
of Ondo State

The mean concentration of heavy metal in
surface water as presented in Table 4, was in
the order; Fe>Zn>Cu> Ni> Co>Pb> Cd>Cr.
They varied significantly across the stations
with analysis of variance (ANOVA). Further
test using Duncan multiple tests showed
significant difference (p<0.05) in Cr, Cd, Ni
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and Co, across the stations. However, Zn, Pb,
Fe and Cu were not significantly different
(p>0.05) across stations.

The mean concentration of heavy metal in
sediment as presented in Table 5, were in in
the order; Fe> Cu> Co> Ni >Zn > Pb > Cr> Cd.
They varied significantly across the stations
with analysis of variance (ANOVA). Further
test using Duncan multiple tests showed
significant difference (p<0.05) in all the
metals except copper, across station.

Table 4: Mean Level of Heavy Metals in Surface Water of the Coastal Creeks of Ondo State

Parameters Sampling stations FEPA
Ugbo Ugbonla Ayetoro Oroto limit
Zn (mg/ 1) 6.35£5.26 6.51£5.57 a 5.57+£5.32 a 9.19+6.38 2 S
Pb (mg/ 1) 0.0940.09 2 0.05£0.01 = 0.09£0.07 = 0.06+0.08 2 0.01
Fe (mg/ 1) 7.43+5.52 2 7.6116.70 5.82+5.23 10.10+6.80 2 20
Cu (mg/ 1) 1.4442.07 1.27£1.82 2 1.14+1.60 2 1.47£2.08 2
Cr (mg/ 1) 0.03+0.02 b 0.02£0.02 a 0.03+0,01 ake 0.040.02 abe 0.05
Cd (mg/ 1) 0.04£0.03 = 0.04£0.02 0.03+0.01 = 0.05+0.02 a 0.003
Ni (mg/ 1) 0.2040.11 2 0.300.17 0.37+0.17 0.5040.24 b 0.3
Co (mg/ 1) 0.2940.16 @ 0.36+0.17 @ 0.430.17 ®be 0.5610.24 «© <1.00
Mean value with same superscripts along the row were not significantly different (p>0.05).
Table 5: Mean Level of Heavy Metals in Sediment of the Coastal reeks of Ondo State
Sampling stations WHO
Parameter Ugbo Ugbonla Ayetoro Oroto Limit
Zn (mg/kg) 18.67+5.65 2 27.78+11.63 ©b 19.3746.56 2 27.04+16.51 ©b 123
Pb (mg/kg) 4.49£3.19 a 5.30£1.28 @b 4.2310.27 a 6.15£2.26 @ 35
Fe (mg/kg) 82.68£3.29 a 89.16+14.03 b 85.1049.30 > 03.48+15.64 @b 21200
Cu (mg/kg) 19.00£1.97 2 19.48+1.30 2 18.86+1.60 2 19.61£1.55 2 35.7
Cr (mg/kg) 4.054£2.47 @b 2.450.11 a 3.76t2.98 @ 2.41+0.19 a 373
Cd (mg/kg) 0.5540.13 = 0.57+0.07 a 0.5240.08 a 0.5940.10 = 0.6
Ni (mg/kg) 16.05£1.68 2 16.45+2.45 b 16.73£1.25 @ 18.15+2.67 ** 16
Co (mg/kg) 16.5440.17 2 17.17£1.12 & 16.8610.17 & 18.244£3.13 NA

Mean value with same superscripts along the row were not significantly different (p>0.05).
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Pollution Status of Heavy metals in the
surface water and sediment of the coastal
creeks of Ondo State

Single-factor Pollution Index of Heavy
Metals in the Surface Water of the coastal
creeks of Ondo state

The surface water pollution status of
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individual metal, is presented Table 6. Iron,
Copper, Chromium and Cobalt revealed slight
pollution (0.4 - 1.0). Zinc and Nickel showed
medium pollution (1.0 - 2.0), while Lead and
cadmium showed serious pollution (Pi>5.0)
across the seasons.

Table 6:Single-factor pollution index of heavy metals in the surface water of the coastal creeks of

Ondo State (Jun 2019 to April 2021).

Sampling stations
Parameters Mean
Ugbo Ugbonla Ayetoro Oroto

Zinc 1.27 1.3 1.11 1.84 1.44
Lead 8.77 4.78 8.88 6.31 26.7
Iron 0.37 0.38 0.29 0.5 0.42
copper 0.72 0.63 0.57 0.73 0.62
Chromiun 0.5 0.45 0.57 0.74 0.94
Cadmium 12.77 12.83 9.56 17.93 23.19
Nickel 0.95 1 1.24 1.67 1.26

Colbat 0.59 0.72 0.87 1.11 0.7

Comprehensive Pollution Index (CPI) of
heavy metals in the Surface Water of the
coastal creeks of Ondo State

The comprehensive pollution index (CPI) of

from 3.34 at Ayetoro to 4.52 at Oroto. All the
CPI mean values were greater than 2 (CPI>2),
which indicated that the Coastal creeks of
Ondo state were severely polluted across the

the coastal creeks of Ondo state is presented
in Figure 2. The mean CPI values ranged

111l

Ugbo

sampling stations

5.00
4.00
3.00
2.00

CPI Values

1.00

0.00

Ugbonla Ayetoro Oroto

Figure 2: The Comprehensive Pollution Index (CPI) of heavy metals in the surface water of the
coastal creeks of Ondo State (Jun 2019 to April 2021).
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Single-factor Pollution and Nemerrow
Pollution of heavy metals in sediment of
the coastal creeks of Ondo State

The values of single-factor pollution and
Nemerrow pollution of heavy metals in
sediment were presented in Table 7. The
single-factor values of some metals (Zn, Pb
and Cr) fell within the category of unpolluted
sediment (Pij < 1), across stations and
seasons. While other metals (Cu, Cd and Ni)
were observed to have values that fell within
the category of slight pollution (1 Pi < Pij <
2), across stations. However, the Nemerrow
pollution values revealed that the sediment
is slightly polluted at Ugbo, Ugbonla,
Ayetoro and Oroto.

Contamination factor (CF) and
contamination degree of Heavy metals in
sediment of the coastal creeks of Ondo
State

Contamination factor (CF) and
Contamination degree (Cd) of Heavy metals
in sediment of the coastal creeks of Ondo
state are presented in Figure 3 and Figure 4
respectively. The values for contamination
factor of all the metals revealed low pollution
level of the sediment. However, the degree of
contamination revealed a considerable level
of pollution (3 < Cf < 6) in the sediment
across stations.

Geoaccumulation indices of heavy metals
in the sediment of the coastal creeks of
Ondo State.
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The Geoaccumulation indices of heavy metals
in sediment of the coastal creeks of Ondo
state is presented in Table 8. The values are
less than 0, which indicated unpolluted
sediment (Igeo < 0). Except for Cd which
ranged between slight pollution (O < Igeo < 1)
to moderate pollution (1 < Igeo <2), across
stations.

The single index of potential ecological
risk and the comprehensive potential
ecological risk of heavy metals in sediment
of the coastal creeks of Ondo State.

The single index of potential ecological risk
and the comprehensive potential ecological
risk of heavy metals in of the coastal creeks of
Ondo state are presented in Table 9. The
values of the single index of potential
ecological risk of all metals were less than 40
(Er <40), indicated low risk, except Cd that
shows moderate risk (40 < Er < 80) in the
sediment of the coastal creeks of Ondo state.
However, the comprehensive potential
ecological risk showed low potential
ecological risk as the values were greater than
150 (RI < 150), across stations.

Enrichment factor of heavy metals in
sediment of the coastal creeks of Ondo
State.

The enrichment factor of heavy metals in the
sediment is presented in Figure 5. The values
revealed that all the metals were extremely
enriched in the sediment, since the value for
each metal was greater than 40 (Er > 40).

Table 7: Single-factor pollution and Nemerow pollution of heavy metals in sediment of the coastal

creeks of Ondo State
Single-factor pollution Nemerow
Stations Pijave pollution
Zn Pb Cu Cr Cd Ni (P)
Ugbo 0.15 0.15 1.02 0.08 0.81 1.01 0.54 0.81
Ugbonla 0.23 0.18 1.04 0.05 0.84 1.04 0.56 0.84
Ayetoro 0.16 0.14 1.01 0.08 0.77 1.05 0.54 0.81
Oroto 0.22 0.20 1.05 0.05 0.88 1.14 0.59 0.85
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Figure 4: Contamination degree (Cd) of heavy metals in sediment of the coastal creeks of Ondo

State

Table 8: Geoaccumulation indices of heavy metals in sediment in of the coastal creeks of Ondo

Ugho

Ughonla

Ayetaro

Oroto

State
Stations Igeo
Zn Pb Fe Cu Cr Cd Ni Co
Ugbo -2.98 -2.75 -9.75 -1.83 -5.07 0.29 -2.67 -0.79 -3.19
Ugbonla -2.38 -2.51 -9.64 -1.79 -5.79 0.34 -2.64 -0.73 -3.14
Ayetoro -2.88 -2.83 -9.71 -1.84 -5.26 0.22 -2.61 -0.76 -3.21
Oroto -2.51 -2.31 -9.57 -1.78 -5.81 0.40 -2.50 -0.65 -3.09
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Table 9: Ecological risk of heavy metals in sediment of the coastal creeks of Ondo State

Comprehensi
ve potential
ecological
risk (RI)
IR
Zn Pb Fe Cu Cr Cd Ni Co
Ugbo 0.20 0.04 0.00 2.12 0.09 55.00 1.18 4.35 62.97
Ugb:nl 0.30 0.05 0.00 2.16 0.06 57.00 1.21 4.52 65.29
Ayetoro 0.21 0.04 0.00 2.10 0.09 52.50 1.23 4.44 60.59
Oroto 0.29 0.05 0.00 2.18 0.06 59.50 1.34 4.80 68.21
1200.00
» 1000.00
Q
=
= 800.00
-
$ 600.00
£
S 400.00
c
* 200.00 III
- 1inE Bl - il
n Pb Fe Cu Cr Cd Ni Co

B Ugho mUgbonla mAyetoro

Oroto

Figure 5: Enrichment factor of heavy metals in sediment of the coastal creeks of Ondo State

Discussion

Many contaminants are released into the
environment through myriads of
anthropogenic activities within coastal
(Onyema, 20009).
Consequently, many tropical waters

communities

bordering the Atlantic Ocean are prone to
pollution due to the fact that the region is
densely populated, and highly
industrialized. (Akanbi and Elenwo, 2015).

The concentration of heavy metals in surface

water and sediment of the coastal creeks of
Ondo State were in the order; Fe>Zn>Cu> Ni>
Co>Pb> Cd>Cr for surface water and Cu> Co>
Ni >Zn >Fe> Pb > Cr> Cd for sediment. The
recorded levels of most of the heavy metals
were within WHO guidelines for the
protection of surface water and sediment.
However, Pb concentration was observed to
be significantly high in water which could be
as a result of the prevailing crude oil
exploration in the study area. Zinc levels in
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surface water at the sampling stations
exceeded FMEnv's permissible standards.
This exceedance is likely due to steel
production, coal burning, and the release of
certain anthropogenic wastes into the
environment. This finding further
corroborated that of Mustapha et al. (2021),
who inferred that coal burning and
industrial activities in the Epe Lagoon led to
a significant increase in zinc levels in
surface water.

The single-factor pollution index (Pi) of the
surface water showed some levels of
pollution of the waters that ranged from
slight pollution to severe pollution, which
could be due to a high level of anthropogenic
activities along the coastal communities
(Olawusi-Peters, 2021). However, the
comprehensive pollution index (CPI) (which
reflects the extent of overall pollution) of the
study area revealed that the water was
severely polluted with all the values greater
than 2 (CPI <2) across stations and seasons.
This is in accordance with the report of
Iwegbue et. al. (2023), on the assessment of
some physicochemical properties, metal
concentrations, and water quality index
from Bomadi Creek in the Niger Delta of
Nigeria.

Metal concentration assessments in
sediment revealed that some metals (Zn, Pb,
and Cr) fell within the unpolluted category,
while others (Cu, Cd, and Ni) exhibited
slight pollution across stations. Nemerrow
pollution values indicated slight to
moderate pollution at different stations.
This concurs with the findings of Ajani et al.
(2021), that reported moderate pollution of
sediment by heavy metals in Lagos lagoon.
Contamination factor values for all metals
indicated low pollution levels in sediment,
except for Cd in certain stations. The degree
of contamination revealed a considerable
level of pollution across stations and
seasons, attributed to anthropogenic
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activities. This is consistent with findings of
Popoola et al. (2015), who reported high
contamination factor values for heavy metals
in Lagos lagoon.

Geoaccumulation indices for individual heavy
metals in sediment were mostly below one,
indicating unpolluted sediment. Cd, however,
showed slight to moderate pollution. The
finding aligns with studies reporting slight to
moderate pollution of Cd in coastal areas of
the Egyptian Red Sea and is consistent with
the findings of Mobarak et al. (2021).

Single indices of potential ecological risk for
all metals were generally below 40, indicating
low ecological risk, except for Cd, which
suggested moderate risk in Mahin lagoon and
its adjoining creeks. Comprehensive potential
ecological risk also revealed low potential
ecological risk overall, with values exceeding
150. This is in agreement with findings of
Adesuyi et al. (2021), who reported low
potential ecological risk in Lagos lagoon
wetlands. Enrichment factor analysis
indicated that all metals were extremely
enriched in sediment, with values exceeding
40. This finding is consistent with that of
Nwineewii et al. (2018), who reported
extremely high enrichment of heavy metals in
sediment from New Calabar River, Nigeria.
Conclusion

Based on the results of this research, it is
ascertained that coastal creeks of Ondo State
are enriched and contaminated with heavy
metals. The evaluated pollution indices
revealed varying pollution status of the
surface water and sediment from slight to
severe pollution. In the sediment, the values
of the single index of potential ecological risk
of all metals indicated low risk, except Cd that
revealed moderate risk (40 < Er < 80).
Meanwhile, the comprehensive potential
ecological risk showed low potential ecological
risk as the values were greater than 150 (RI <
150), across stations. Therefore, continuous
investigations are necessary to forestall the
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potential health and ecological risk that may

evolve as a result of continuous use of the

water for domestic activities and
consumption of fauna from the study area.

References

Adesuyi, A. A., Kelechi, L., Olayinka, D. N.,

Jimoh, O. A. and Akinola, M. O.
(2021). Health and Ecological Risks
Associated with heavy metal
contamination in surface soils from
Lagos lagoon wetlands, Lagos,
Nigeria. J. of Appl. Sci. and Environ.
Manage., 25(7): 1127-1137.

Agunbiade, F. O., Olu-Owolabi, B. I. and
Adebowale, K. O. (2010). Seasonal and
spatial variations analysis of pollution
status of Ondo coastal environment
Nigeria using principal component
analysis. Geochem. J., 44(2): 89-98.

Ajani, G. E., Popoola, S. O. and Oyatola, O.
O. (2021). Evaluation of the pollution
status of Lagos coastal waters and
sediments, using physicochemical
characteristics, contamination factor,
Nemerow pollution index, ecological
risk and potential ecological risk
index. International J. of Environ. and
Clim. Chan., 11(3): 1-16.

Ajibare A. O. (2014). Assessment of Physico-
Chemical Parameters of Waters in Ilaje
Local Government Area of Ondo State,
Nigeria. Inter. J. of Fish. and Aqua.
Stud., 1(5): 84-92.

Ajibare, A.O., Olawusi-Peters, O.0. and
Ayeku, P.O. (2018) Bioaccumulation
of some heavy metals in the
cephalothorax and abdomen of
Nematopalaemon hastatus in the
coastal waters of Ondo State, Nigeria.
IOSR J. of Agric. and Vet. Sci. (IOSR-
JAVS), 11(6): 32-38.

Akankali, J. A. and Elenwo, E. I. (2015).
Sources of marine pollution on
Nigerian coastal resources: an
overview. Open. J. of Mar. Sci., 52):

ISSN: 2714-3716

226-236.

American Public Health Association (APHA),
(2000). Standard Methods for the
Examination of Water and Wastewater
(16th edition). Wash., D.C. 87pp.

Bodin, N., N'Gom-Ka, R., Ka, S., Thiaw, O.T.,
Titi de Morais, L., Le Loc'h, F., Rozuel-
Chartier, E., Auge, D. and Chiffoleau,
J.F. (2013). Assessment of trace metal
contamination in mangrove ecosystems
from Senegal, West Africa. Chem.,
90:150-157.

Bubu, A., Ononugbo, C. and Avwiri, G. (2018).
Determination of heavy metal
concentrations in sediment of Bonny
River, Nigeria. Arch.s of Cur. Res. Int.,
11(4):1-11.

Caeiro, S., Costa, M. H., Ramos, T. B.,
Fernandes, F., Silveira, N., Coimbra, A.
and Painho, M. (2005). Assessing heavy
metal contamination in Sado Estuary
sediment: an index analysis approach.
Ecol. Indi., 5(2): 151-169.

Ediagbonya, T. F and Adesokan R (2019)
Elements present in three different fish
species captured from Oluwa River,
Okitipupa, Ondo State, Nigeria.
Pertanika Journal of Science and
Technology 27 (4) :2201-2222

Ediagbonya, T.F., Ogunjobi, A. J. Odinaka V.
C.,, Adenikinju, A. C.(2022)
Bioaccumulation of Elemental
Concentrations in Sediment and Frog
(Pyxicephalus edulis) in Igbekebo River,
Ondo State, Nigeria. Journal of Africa
Chemistry. 5 (3):790-803

Elias, P. and Gbadegesin, A. (2011). Spatial
relationships of urban land use, soils
and heavy metal concentrations in
Lagos Mainland Area. J. of Appl. Sci. and
Environ. Manage.,1: 391-399.

Fahad 1. A., Adel R.U. and Abdullah S.A.
(2015). Heavy metals in the soils of the
Arabian Gulf coast affected by industrial
activities: analysis and assessment

1104



Loto et al., Coast, J. Sch. Sci. 6 (2): 1092 - 1106 ISSN: 2714-3716

using enrichment factor and
multivariate analysis. Arab J Geosci.,
8:1691-1703.

Garnero, P. L., Bistoni, M. D. L. A., and

Monferran, M. V. (2020). Trace
element concentrations in six fish
species from freshwater lentic
environments and evaluation of
possible health risks according to
international standards of
consumption. Environ. Sci. and Poll
Res., 27:27598-27608.

Hakanson, L. (1980). An ecological risk

index for aquatic pollution control. A
sedimentological approach. Wat. Res.,
14(8):975-1001.

Ibanga, L. B., Nkwoji, J. A., Usese, A. I,

Onyema, I. C. and Chukwu, L. O.
(2019). Hydrochemistry and heavy
metals concentrations in sediment of
Woji creek and Bonny estuary, Niger
Delta, Nigeria. Reg. Stu. in Mar. Sci.,
25:1-11.

Igbal Z., Abbas F., Ibrahim M., Qureshi, [.T.,

Gul, M. and Mahmood, A. (2020).
Human health risk assessment of
heavy metals in raw milk of buffalo
feeding at wastewater-irrigated
agricultural farms in Pakistan.
Environ. Sci. Pollt. Res.,
27:29567-29579.

Islam, M.S., Ahmed, M.K., Raknuzzaman,

M., Habibullah-Al-Mamun, M., Islam,
M. K. (2015). Heavy metal pollution in
surface water and sediment: A
preliminary assessment of an urban
river in a developing country. Ecol
Indic.,48:282-291.

Iwegbue, C. M., Faran, T. K., Iniaghe, P. O.,

Ikpefan, J. O., Tesi, G. O., Nwajei, G.
E. and Martincigh, B. S. (2023). Water
quality of Bomadi Creek in the Niger
Delta of Nigeria: assessment of some
physicochemical properties, metal
concentrations, and water quality

1105

index. Appl. Wat., 13(2): 1-15.

Jumbo, A. A., Wegwu, M. O., Belonwu, D. C.

and Okerenta, B. M. (2015). Assessment
of Heavy Metal Concentrations of
Selected Fin and Shellfish from
Ogoniland. J. of Environ. and Ear. Sci.,
5(18):15-19.

Liao, J., Cui, X., Feng, H. and Yan, S. (2021).

Environmental background values and
ecological risk assessment of heavy
metals in watershed sediments: A
comparison of assessment methods.
Water, 14(1): 51-50.

Loto O. O., Samuel, O.B. and Chukwu, L.O.

(2022). Heavy Metals Concentration and

Enzymatic Biomarker of Two

Commercially Important Cichlid Species

(Sarotherodonmelanotheron and Tilapia

guineensis) From the Mahin lagoon,

South Western, Nigeria. Etho. J. of
Environ. Stud. & Manage., 15(4):474-
485

Loto O.0., Samuel, O.B. and Chukwu, L.O.

(2023). Seasonal variation and pollution
assessment of some Physicochemical
parameters of the surface water of
Mahin lagoon and its Adjoining creeks,
Southwestern Nigeria. J. Appl. Sci.
Environ. Manage., 27 (3): 623-630.

Mobarak, S. A., Farhat, H. 1., Younis, A. M.

and Kharbish, S. (2021). Pollution
assessment of potential ecological
hazards of heavy metals in sediment in
northern area of the Gulf of Suez as
brownfield area, Egypt. Journal. of Appl.
Geol. and Geoph., 5(9): 55-72.

Muller, G. M. (1969). Index of

geoaccumulation in sediments of the
Rhine River. Geo. J., 2: 108-118.

Mustapha, A. M., Ugya, A. Y. and Mustapha,

Z. (2021). Assessment of heavy metal
levels in fish tissues, water and
sediment from Epe lagoon, Lagos,
Nigeria. Sci. Wor. J., 16(4): 464-469.

Nwineewii, J. D., Edori, O. S. and



Loto et al., Coast, J. Sch. Sci. 6 (2): 1092 - 1106

Onuchukwu, P. U. G. (2018).
Concentration, ecological risk and
enrichment factor assessment of
selected heavy metals in sediments
from New Calabar River, Nigeria. J. of
Appl. Sci. and Environ. Manage.,
22(10): 1643-1647.

Ogunkunle, C. O. and Fatoba, P. O. (2013).
Pollution loads and the ecological risk
assessment of soil heavy metals
around a mega cement factory in
Southwest Nigeria. Pol. J. of Environ.
Stud., 22: 487-493.

Olawusi-Peters, O. O. (2021). Evaluation of
Water Quality and Heavy Metal
Pollution in the Shoots and Roots of
Aquatic Plants. Turk. J. of Fish. and
Aqua. Sci., 21:443-450.

Onyema, I. C. (2009). Pollution and the

Ecology of Coastal Waters of Nigeria.
Dolps and Bolps Investments Ltd.,
Lagos Nigeria. 216pp.

Ripin, S. N. M., Hasan, S., Kamal, M. L. and
Hashim, N. M. (2014). Analysis and
pollution assessment of heavy metal in
soil, Perlis. The Mala. J. of Analy. Sci.,
18:155-161.

1106

ISSN: 2714-3716

Sutherland, R. A. (2000). Bed sediment-
associated trace metals in an urban
stream, Oahu, Hawaii. Environ. Ggeo.,
39:611-627.

Tao, T., Yujia, Z. and Kai, H. (2011). Water
Quality Analysis and Recommendations
through Comprehensive Pollution Index
Method-Take Qilu Lake as Example.
Manage. Sci. and Engr., 5(2): 95- 103.

Thomas, S. & Mohaideen, J. A. (2015).
Determination of some Heavy metals in
fish, water and Sediments fromBay of
Bengal. Int. J. Chem. Sci., 13(1):53-62.

Xia, P., Ma, L., Sun, R., Yang, Y., Tang, X.,
Yan, D., Lin, T., Zhang, Y., and Yi, Y.
(2020). Evaluation of potential
ecological risk, possible sources and
controlling factors of heavy metals in
surface sediment of Caohai Wetland,
China. Sci. Total Environ., 740, 140231.

Yan, C. A., Zhang, W., Zhang, Z., Liu, Y.,
Deng, C. and Nie, N. (2015).
Assessment of water quality and
identification of polluted risky regions
based on field observations & GIS in the
Honghe river watershed, China. Plo
Sone. 10(3): 119-130.



	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99

