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Abstract

Mangrove forests are specific environments that serve many
social, cultural, educational, and economic benefits. Water is
important for survival, growth, and reproduction of human,
plants, and animals. This study aims at evaluating the
physico-chemical properties, heavy metals and PAHSs
contents of water from Edumanon mangrove forest of Nembe
local government areas of Bayelsa state, Nigeria. The
physical and chemical properties of the water sample were
determined using standard methods of APHA, ASTM, and
AOAC. Heavy metals and PAHs contents of the water
sample were determined using AAS and HPLC analysis,
respectively. The temperature, pH, turbidity, conductivity,
salinity, TH, TSS, TDS, DO, BOD, and COD level in the
water sample was 29°C, 7.5, 39.96NTU, 1765.24uS/cm,
1543.22mg/L, 1272.07mg/L, 41.41mg/L, 14564.45mg/L,
11.32mg/L, 25.78mg/L, and 69.66mg/L, respectively. The
level of chloride, total alkalinity, bicarbonate, sulphates,
nitrate, and phosphate in the water sample 178.96mg/L,
125.17mg/L, 96.44mg/L, 63.24mg/L, 17.93mg/L, and
11.36mg/L, respectively. The water sample demonstrated a
1.11 mg/L, 1.04 mg/L, 1.65 mg/L, 0.92 mg/L, 1.21 mg/L, and
0.76 mg/L level of Cr, Cd, Pb, Ni, Co, and As, respectively.
The amount of anthracene, acenapthene, napthalene,
phenathrene, pyrene, and fluorine in the water sample was
20.86mg/ml, 24.33mg/ml, 18.03mg/ml,  19.71mg/ml,
12.12mg/ml, and 15.53mg/ml, respectively. The levels of
physical and chemical parameters, heavy metals, and PAHs
in the water sample were above the recommended values by
WHO, FEPA, NSDWQ, SON, and/or NESREA for the
survival of aquatic organisms and domestic uses.
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1. Introduction

Mangrove forests are the main productive
environments in the world. Mangroves are woody
trees and shrubs that grow in specific intertidal
environments and cover about 60—70 % of the earth's
tropical and subtropical coastal areas (Sohaib et al.,
2023). Mangroves occupy about 137,760 km
worldwide comprising approximately 27,552 km (20
%) in Africa (Sohaib et al., 2023). They are specific
coastal environments that thrive in the warm, wet
conditions of the tropics and subtropics (Saoum and
Sarkar, 2024). Mangrove forests are nursery grounds
for commercially and recreationally valued species,
landing point for migratory birds, filtration of
sediment, nutrients and pollutants, enhancement of
coastal fisheries, and protects coastlines against
natural disasters such as floods, waves and extreme
weather conditions (Islam et al., 2019). Other
benefits of mangrove forests include erosion control
and carbon sequestration (Saoum and Sarkar, 2024).
Mangroves forests have the potential to sequester
about 22.8 million metric tons of carbon each year
(Sohaib et al., 2023). Water is the most abundant
substance on the Earth covers 71% of the Earth’s
mainly occupied surface water including rivers,
mangroves, oceans, and other water bodies
(Babalola et al., 2024). Water is important for
survival, growth, and reproduction of human, plants,
and animals. Water is a habitat for aquatic organisms
and important body for transportation, agricultural
and industrial activities. Ground and surface water
have been specifically used for consumption,
domestic, and/or industrial uses. Surface water
quality is a critical aspect of environmental health
and sustainability (Syeed et al., 2023). Quality water

is essential for meeting basic human needs,

supporting health, livelihoods and economic
development, underpinning food and energy
security, and defending environmental integrity.
Consumption of quality and safe water provides
many significant health benefits to human, animals
and aquatic organisms. Water pollution remains a
global concern and major public health problem
especially in low and middle income countries.
About 1.7 billion people rely on drinking
contaminated water worldwide (UNICEF/WHO,
2023). In low and middle income countries, most of
the people lack accessibility to potable water supply
thus, relies on surface water including mangroves,
rivers, reservoir, springs, streams and groundwater
as their primary sources of water. Environmental
pollutions including water pollution from petroleum
hydrocarbons have been causing environmental
destructions including mangrove forest, water, soil,
air, and biota (Onwuka et al., 2021; Adegbite et al.,
2020). Water pollution causes changes in physical,
chemical, and biological properties of water bodies
to the extent that water is not potable for
consumption and domestic uses. Physical and
chemical properties of water affect the functions and
structure of mangrove forests and have been
threatened by human and industrial activities
including oil exploration and exploitation (Agraz-
Hernandez et al., 2020; Kamboj and Kamboj, 2019).
The major causes of surface water pollution are
crude oil spills, solid wastes, gaseous emissions,
untreated industrial effluents, improper home waste
disposal, and agricultural runoff (Uddin and Jeong,
2021; Akhtar et al., 2021; Hasan et al., 2019). Crude
oil exploration and production activities caused
water pollution by generating different pollutants

including hydrocarbon components, heavy metals,
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polycyclic aromatic hydrocarbons (PAHSs), and
many other toxic substances into different water
bodies (Azuamaha et al., 2023; Gwary et al., 2019).
Consumption of water contaminated with chemical
substances can causes serious adverse health effects.
Consumption of polluted or contaminated water has
been causing water-borne diseases such as cholera,
typhoid fever, and dysentery (Khayan et al., 2019).
Report showed that about 190 million diseases are
associated with consumption of contaminated water
(Azuamaha et al., 2023) and polluted water has
caused about 2.2 million deaths worldwide (WHO,
2015). In developing countries including Nigeria,
about 80% of diseases and more than 3.1% of deaths
are associated with consumption of contaminated
water (Azuamaha et al., 2023; Adesakin et al.,
2020). Nigeria is one of the top oil-rich countries in
the world and has beautiful landmarks as mangrove
forest. Niger Delta is the largest wetland in Africa
and one of the largest wetlands in the world. Niger
Delta region of Nigeria consisted of nine states
including Bayelsa state. The region has vegetation
that covers landmass of 7.5 million ha and consists
of extensive mangrove forests, brackish swamp
forests, and rainforests (Zhang et al., 2019). Many
years ago activities of oil exploration and production
have been taken placed in Niger Delta region. Niger
Delta region is one of the fifth most severely
petroleum-polluted environments in the world
(Azuamaha et al., 2023). It has been reported that
about 0.7 — 1.7 million tons of crude oil spilled into
water bodies including mangrove water, oceans, and
rivers, and agricultural soils each year in Niger Delta
region (Ekemube et al., 2022). The activities of oil
industries in Niger Delta have been causing serious

environmental pollution and hazards on human,

animals, plants, aquatic organisms and their habitats.
The oil activities in the region have significantly
cause destruction of mangrove forests, water bodies
and groundwater sources (Gwary et al., 2019). This
is the reason why environmental pollution from
crude oil exploration and exploitation has received
much attention in the region. The aim of this study is
to evaluate the physico-chemical properties, heavy
metals and PAHSs contents of water from Edumanon
mangrove forest of Nembe local government area of
Bayelsa state, Nigeria.

2. Materials and Methods

2.1 Chemicals and Reagents

All the chemicals and reagents used in this study
were of analytical grade. The chemicals and reagents
manufactured by Reidel-de Haem (Merck,
Germany), Sigma-Aldrich (St. Louis, MO, USA),
and BDH Chemical Limited Poole (England, UK)
were purchased used in this study.

2.2 Study Area

This study was conducted in Nembe local
government area, Bayelsa East, Bayelsa State,
Nigeria. The Nembe communities are rich with
mangrove forest named Edumanon Forest Reserve.
Edumanon Forest Reserve is one of the largest
mangrove forests in Niger Delta region covers part
of Nembe with an estimated of about 9,324 hectares
(Erefitei, 2016). Many activities including oil and
gas installations, hunting practices, and intensive
agricultural practices have been taken placed in the
area. The communities in the area have been polluted
by the oil industrial activities occurring in the area.
2.3 Collection of Mangrove Water Sample

The water sample was collected from the Edumanon

Mangrove Forest, Nembe local government areas,
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Bayelsa State, Nigeria. The water sample was
collected in washed and dried bottles from the
surface to a depth of about 20 cm. To ensure a total
distribution of contaminants the water sample was
homogenized and transported to the laboratory for
analyses.

2.4 Analysis of Physical Properties of the Water
2.4.1 Determination of Colour and Odour

The colour and odour of the water sample were
determined by the physical observation and smelling
organ, respectively.

2.4.2 Determination of Temperature
Temperature of the water sample was measured in-
situ by standard method of APHA (2001) using a
mercury-in-glass ~ bulb  thermometer.  The
thermometer was subsequently placed into the water
sample and kept there until the mercury column
reached a stable position. The readings were taken
three times at five-minute intervals, and the average
temperature value was calculated.

2.4.3 Determination of pH

The pH of water sample was determined using
digital pH meter calibrated with buffer solution of
pH 4.0 and 7.0 at temperature of 25 °C as described
by APHA (2001). Two hundred miles of the water
sample were measured into a beaker. The pH meter
probe was inserted making sure it did not touch the
beaker and the pH reading was then taken. In
between readings, the electrode of the pH meter was
rinsed with distilled water to avoid contamination.
2.4.4 Determination of Electrical Conductivity
The conductivity meter calibrated with potassium
chloride solution was used to measure electrical
conductivity of the water sample by using the
method of APHA (2001). The water sample (200

mL) was measured into a sterile beaker. The
calibrated conductivity meter was inserted into the
beaker with the tip containing the electrode touching
the water for approximately 3 minutes until the
conductivity reading became stable. The meter
readings were taken and recorded immediately.
Between each reading the electrode of the
conductivity meter was rinsed with distilled water,
dried with tissue and then a portion of the sample.
2.4.5 Determination of Salinity

Titrimetric method was employed for the
determination of salinity of the water sample as
described by Mohammed et al. (2024). The water
sample (1 mL) was transferred into a 20 mL
volumetric flask and made up to the mark with
distilled water. The flask was treated with 1 mL of
potassium dichromate indicator and then shaked
gently. The solution was titrated using silver nitrate
solution until a brick red colour was observed. The
titration was performed three times and the water

salinity was obtained using the following equation:

AXN58.5X1000
Volume of Sample (mL)

Salinity (mg/L) =

Where;

A = Volume of silver nitrate; N = Molarity of silver
nitrate

2.4.6 Determination of Total Hardness

Total hardness of the water sample was determined
by the titration technique using the method of APHA
(2001) with some modifications. The water sample
(25 mL) was diluted with 50 mL of distilled water in
an Erlenmeyer flask. One mile of buffer solution was
added into the solution. The solution was titrated
using 0.01M EDTA and 0.1M NaOH solutions and
Erichrome Black T as indicator. The

ethylenediamine tetra-acetic acid (EDTA) solution
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and few drops of Erichrome Black T were added to
the diluted water sample. The solution was titrated
against the 0.1M NaOH (5 mL) until a wine red
colour was observed. The titration was continued by
addition of 1 ml of the titrant with continuous
shaking until the wine red colour changed to blue.
The total hardness was calculated using following
formula:

Total hardness (mg/L)

Molarity X 1000

~ Volume of Sample (mL)
2.4.7 Determination of Total Suspended Solids
Gravimetric technique was used in determination of
total suspended solids of the water sample using the
method of AOAC (2000) and Mohammed et al.
(2024). The water sample (100 mL) was passed
through the glass fibre filter apparatus. The residue
was dried in an oven at 103 °C to 105 °C for 1 day.
The weight of the residue was measured using
analytical weighing balance. The amount of total
suspended solids was obtained using the following
equation:

Total suspended solids (mg/L) =
Weight of dried residue (mg) X 1000

Volume of sample filtered (mL)
2.4.8 Determination of Total Dissolved Solids

The total dissolved solids content of the water
sample was determined using gravimetric method as
described by AOAC (2000) and Mohammed et al.
(2024). One hundred miles of the water sample in
pre-weighed evaporating dish was dried in an oven
at temperature of 103 to 105°C for 24 hour. The dish
was transferred into desiccators, allowed to cool at
room temperature and then weighed. The total
dissolved solids content was obtained using the

equation below:

Total dissolved solids (mg/L) =
W2-W1@me) v 1000

Volume (mL)
Where;

W= weight of the empty dish, W.= weight of the
empty dish + dry residue

2.4.9 Determination of Dissolved Oxygen
Dissolved oxygen (DO) level in the water sample
was determined using the Winkler's method as
described by APHA (2001). The water sample (250
mL) in glass reagent bottle was fixed in the field
using Winkler's A (manganous sulphate solution)
and Winkler's B (alkali-iodide) reagents and then
brought to the laboratory for further processing.
Conc. Sulphuric acid was added to free the fixed
oxygen in the water sample and then titrated with
sodium thiosulphate solution. The level of dissolved
oxygen was calculated using the equation below:
Dissolved Oxygen =V1x 0.2 x 1000 ml / V

Where;

V1= Volume of thiosulphate; V= Volume of sample
taken

2.4.10 Biochemical Oxygen Demand

Dilution techniqgue was employed in the
determination of biological oxygen demand of the
water sample using standard method (5-Day BOD
Test) as described by Mohammed et al. (2024). The
principle of the method involves an estimation of
amount of oxygen consumed during a fixed period
of 5 days which is related to the amount of organic
matter present in the original sample. Two hundred
miles of the water sample was filled by overflowing
in airtight bottle of the specified size. Initially, the
dissolved oxygen of the water sample was measured
using the Schott Gerate Dissolved Oxygen meter.

The water sample was then incubated at 20°C for 5
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days. Final dissolved oxygen of the water sample
was then measured after the 5 days period. The BDO
was obtained using the following equation:

BODs (mg/L) = [DO; — DOg)/ B

Where;

DOy = Initial dissolved oxygen (immediately after
preparation); DO; = Final dissolved oxygen (after 5
days of incubation); B = Volume of sample used.
2.4.11 Determination of Chemical Oxygen
Demand

Colorimetric method was used to evaluate the
chemical oxygen demand (COD) in the water sample
as described by ASTM (2011) and APHA (2005).
The method depends on the oxidation of organic and
oxidizable inorganic substances present in water by
mixture of standard potassium dichromate acid
solution (APHA, 2005). The COD vial adapter was
inserted in the cell holder of the spectrophotometer
and the reagent blank was used to zero
spectrophotometer. The vial containing the water
sample was placed in the adapter. The COD was
determined by observing the increase in green color
of the reduced chromium (Cr3*) or the decrease in
yellow color of the dichromate (Cr.0;%*). The COD
value was measured three times and the average
value was calculated.

2.5 Analysis of Chemical Properties of the
Water

2.5.1 Determination of Total Alkalinity
Determination of the total alkalinity of the water
sample was carried out using titration method as
described by Mohammed et al. (2024). The principle
of the method involves the reaction of carbonates
and sodium hydroxide to form bicarbonate which

reacts with phenolphthalein indicator to produce a

pinkish colour. Fifty miles of the water sample was
transferred into 250 mL conical flask followed by
addition of two drops of 0.5 % w/v phenolphthalein
indicator and then thoroughly mixed. The solution
was initially titrated (T1) against 0.05M H,SO4 until
a pink colour was observed. Two drops of 0.5 %w/v
methyl orange indicator were added to the pinkish
solution and then thoroughly mixed. Finally, the
solution was titrated (T2) with 0.05M H,SO, until a
pale red colour was observed. The experiment was
performed three times and the titre mean value was
calculated. The total alkalinity was obtained using
the following equation:

Total alkalinity (mg/L) =

Molarity (T1+T2)
Volume of Sample(mL)

X 1000

2.5.2 Determination of Bicarbonate

The level of bicarbonate in the water sample was
estimated by titration technique using the method of
APHA (2005). The water sample was titrated with
standardized HCI solution using methyl orange as
indicator. At pH below 4.0, the methyl orange turns
to yellow and the carbonic acid decomposes to give
carbon dioxide and water. The titration was carried
out in triplicate and the mean value was obtained.
2.5.3 Determination of Chloride

Chloride concentration in the water sample was
analyzed by the titrimetric method as described by
Babalola et al. (2024) with certain modifications.
The water sample (100 mL) was pipetted into the
conical flask followed by the addition of 1 ml of
K2CrO4 indicator. For the blank, 100 mL of distilled
water was transferred into a conical flask followed
by addition of 1 mL of K2CrOsindicator and 0.2 mL
of 0.01M AgNO3 solution. The mixture was shaked

gently and leaved to stand at room temperature. The
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sample solution was titrated with 0.2 mL of 0.02M
AgNO3 solution to the colour of the comparison
blank. The level of chloride was obtained using the
following formula:

Chloride concentration= (Va— V) X M x 35.5 x 1000
A

Where; V. = Volume of silver nitrate used for
titrating sample Vy = Volume of silver nitrate used
for titrating blank = = 0.2 mL, V=Volume of sample
taken, M = Molarity of AgNO3

2.5.4 Determination of Phosphate

The phosphate concentration in the water sample
was determined by a colorimetric assay as described
by ASTM (2004) and Mohammed et al. (2024). The
method is based on the formation of yellow colour
by the action of phosphates on molybdate ion under
strong acidic conditions. The intensity of colour is
directly proportional to the level of phosphate in the
sample. Fifty miles of the water sample was added
into the flask which was treated with ascorbic acid
(20 mL) solution. The standard solution in another
flask was also treated with 20 mL of ascorbic acid
solution. The contents were allowed to stand at room
temperature for five minutes and the absorbance was
read at 650 nm wavelength. The level of phosphate
was obtained from the standard curve constructed.
2.5.5 Determination of Nitrate

Nitrate was determined using colorimetric method as
described by Baird et al. (2017). The calibration
standards of the range 0.1 to 1.0 mg/L were prepared
by diluting appropriate volume to 50 mL. One sachet
of the Nitraver 5 powder pillow was added to 10 mL
of each standard into different volumetric flasks. The
solution was thoroughly shaken, allowed to stand for

5 minutes after which amber colour developed. The

2.7 Determination of Polyaromatic Hydrocarbons

absorbance of the sample against the blank was
measured using spectrophotometer at 540 nm
wavelength. The standard curve was constructed by
plotting the absorbance against standard
concentrations. The nitrate concentration in the
water sample was obtained from the standard curve.
2.5.6 Determination of Sulphate

Sulphate concentration in the water sample was
determined by spectrophotometeric method as
described by Ramkumar et al. (2013) and Abali et al.
(2023). The sulphate stock standard solution (1000
mg/L) was prepared by dissolving 1.479 g of
anhydrous Na.SO, in 500 mL of distilled water in
1000 mL volumetric flask which was then filled up
with distilled water. From the stock solution, lower
concentrations of 2.00, 4.00, 6.00, 8.00 and 10.00
mg/L were prepared in 100 mL volumetric flask by
serial dilution method. Each standard solution (70
mL) was measured into 100 mL volumetric flask
followed by the addition of 10 mL of Alcohol-
Glycerol mixture and 5 g of finely divided BaCh
crystal and then the volume was filled to mark. The
contents were mixed thoroughly and allowed to
stand. The absorbance of the sample against the
blank was measured using spectrophotometer at 420
nm wavelength. The standard curve was constructed
by plotting the absorbance against standard
concentrations. The concentration of sulphate in the
water sample was obtained from the standard curve.
2.6 Determination of Heavy Metals

The concentration of chromium, cadmium, lead,
nickel, cobalt, and arsenic in the water sample was
determined by atomic absorption
spectrophotometeric (AAS) technique using the
method of AOAC (1990; 2005).
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The concentration of certain  polyaromatic
hydrocarbons (PAHSs) in the water sample was
determined by high-performance liquid
chromatography (HPLC) technique using the
method of EPA (1984) and Firmin et al. (2016). The
analysis was performed using analytical column of
250 mm length and 4.6 mm i.d., packed with totally
porus spherical RP-18 particle of size 5 um. The
mobile phase used was a mixture of acetonitrile —
water (70:30) at a flow rate of 1.0 mL per minute.
The PAHs were detected using UV detector at a
wavelength 254 nm for absorption. The data were
processed with a CR7A chromatopac data processor.
A standard solution of individual PAHSs of different
concentrations (5 to 50 mg) was dissolved in HPLC
grade acetonitrile. The retention data were
determined from the linearity of the detector using
the standard solution. The concentrations of PAHSs in

the sample extract were expressed in mg/mL of the
extract.

3. Results

3.1 Physical Properties of the Water Sample
Table 1 shows the physical properties of the crude
oil contaminated water sample. The mangrove water
sample is dark yellowish on colour with a repugnant,
pleasant and gasoline-like odour. The temperature,
pH, turbidity, conductivity, salinity, total hardness
(TH), total suspended solids (TSS), total dissolved
solid (TDS), dissolved oxygen (DO), biological
oxygen demand (BOD), and chemical oxygen
demand (COD) mean value of the water sample
obtained in this study was 29 °C, 7.5, 39.96 NTU,
1765.24 uS/cm, 1543.22 mg/L, 1272.07 mg/L, 41.41
mg/L, 14564.45 mg/L, 11.32 mg/L, 25.78 mg/L, and
69.66 mg/L, respectively (Table 1).

Table 1: Physical Properties of the Water Sample

PARAMETER

VALUES

Colour/Appearance
pH
Temperature (°C)
Turbidity (NTU)
Conductivity (uS/cm)
Salinity (mg/L)

Total Hardness (mg/L)
Total Suspended Solids (mg/L)
Total Dissolved Solids (mg/L)

Dissolved Oxygen (mg/L)
Biological Oxygen Demand (mg/L)
Chemical Oxygen Demand (mg/L)

Dark yellowish
7.50 £ 0.07
29.00 + 0.06
39.96 +0.10
1765.24 + 0.13
1543.22 + 0.02
1272.07 £ 0.14
41.41 +0.02
14564.45 + 0.34
11.32£0.01
25.78 £ 0.12
69.66 + 0.88

Values are mean + SEM (n = 3)

3.2 Chemical Properties of the Water Sample
The concentration of chemical parameters in the
crude oil contaminated water sample is shown in

Table 2. The mangrove water sample demonstrated

a significant (p < 0.05) level of chloride (178.96
mg/L), total alkalinity (125.17 mg/L), bicarbonate
(96.44 mg/L), sulphates (63.24 mg/L), nitrate (17.93
mg/L) and phosphate (11.36 mg/L) (Table 2).

2144



Galadima et al., Journal of Natural and Applied Sciences Pakistan, Vol 7 (1), 2025 pp 2137-2159

However,

significantly (p < 0.05) higher compared to the other

parameters. In comparison with the

the concentration of chloride was

other

parameters, the mangrove water sample exhibited a
significant (p < 0.05) lower level of phosphate
(Table 2).

Table 2: Chemical Properties of the Water Sample

PARAMETER

CONCENRATION (mg/L)

Total alkalinity
Bicarbonate
Chloride
Sulphate
Phosphate
Nitrate

125.17 +£0.001
96.44 + 0.276
178.96 = 0.008
63.24 £ 0.001
11.36 £ 0.002
17.93+0.183

Data are expressed as mean £ SEM (n = 3)

3.3 Heavy Metals Content of the Water Sample
Figure 1 shows the heavy metals level in the crude
oil contaminated water sample. A significant (p <
0.05) level of chromium (1.11 mg/L), cadmium
(1.04 mg/L), lead (1.65 mg/L), nickel (0.92 mg/L),
cobalt (1.21 mg/L), and arsenic (0.76 mg/L) was

10 1

Concentration (mg/l)

05

00 -

Chiomin Cadmun Llead

observed in the water sample (Figure 4.3). However,
the concentration of lead, cobalt, chromium and
cadmium was significantly (p < 0.05) higher

compared to the nickel and arsenic (Figure 1).

Nckel Cobet

Figure 1: Heavy Metals Content of the Water Sample Data are mean + SEM (n = 3)

2145



Galadima et al., Journal of Natural and Applied Sciences Pakistan, Vol 7 (1), 2025 pp 2137-2159

3.4 PAHs Levels of the Water Sample

The level of some polyaromatic hydrocarbons
(PAHS) in the crude oil polluted water sample is
shown in Figure 2. The results showed that the water

sample demonstrated a significant (p < 0.05) amount

151

10

Concentration (mg/l.)

Arfhracene Arenaphfens Napihakre

of anthracene (20.86 mg/ml), acenapthene (24.33
mg/ml), napthalene (18.03 mg/ml), phenathrene
(19.71 mg/ml), pyrene (12.12 mg/ml), and fluorine
(15.53 mg/ml) (Figure 2).

Prenaffrene

Figure 2: Concentrations of PAHSs in the Water Sample

Values are expressed as mean + SEM (n = 3). Polyaromatic hydrocarbons (PAHS)

4. Discussion

In this study, the pH value of the water sample is
within the WHO (2011) recommended values 6.5 to
8.5. Asante et al. (2020) reported alteration in pH
values in water which could be attributed to certain
factors including mineral dissolution. The result of
this study is in agreement with the findings reported
by Owokotomo et al. (2020). lyama and Edori
(2014) reported a high pH value in the brackish
water environment in the Niger Delta area. pH is a

measure of acidity or alkalinity of water. The pH

level of aquatic environments is determined to
evaluate the water purity for domestic, agricultural,
and industrial uses (Nsude and Orie, 2022; Owhoeke
et al.,, 2023). Changes in pH value of aquatic
environments are mostly caused by presence of
contaminants, pollutants and/or agents from
industrial activities including oil industries activities
(Dorleku, 2013). Water temperature is an important
factor for controlling aquatic life (Carr and Neary,
2006). Elevated value of water temperature
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increases the metabolic activities of aquatic
organisms (Murdoch et al., 2001). In this study, the
temperature ofthe water sample was within the
recommended limit (22-32 °C) set by SON (2007).
Results of the relevant study showed that the
temperature of water ranged from 23.3°C to 30.8°C
(Barmon et al., 2018). High temperature of water can
be caused by the discharge of pollutants in the water
bodies (Ezzat et al., 2012; Boyle and Fraleigh,
2003).  Electrical

determination of the ability of water or agueous

conductivity  refers  to

solution to transmit electricity. Electrical
conductivity of water or solution is depending on the
mobility rate of a number of current carrying
substances present in water, environmental
temperature, nature and type of ions present in water
(Sharma and Walia, 2017). In the current study, the
water sample demonstrated a high electrical
conductivity above the recommended value (< 1000
ps/cm) by the World Health Organisation (2011) and
the National Environmental Standard Enforcement
Agency (2009), respectively. The high value of
electrical conductivity indicated that the water
sample contains a notable concentration of ionizable
compounds or trace metal ions. High value of
electrical conductivity and total dissolved solids
(TDS) in water bodies is an indicator of potential
mineral leaching or presence of solids wastes in
water (Rahman et al., 2019). Electrical conductivity
of water provides important information for
determination of total hardness and alkalinity of
water. Turbidity of water refers to the measure of
cloudiness of water caused by the presence of
suspended particles including organic and inorganic
matters (WHO, 2017c). The quality of water is

determined by its turbidity level. In the current study

the water sample demonstrated high turbidity level
(39.96 NTU) above the recommended value (below
25 NTU) (Rosli et al., 2010) for domestic uses.
Elevated levels of turbidity of waterare associated
with presence of pollutants in the water bodies
(Azuamaha et al., 2023). High turbidity level in
surface or ground water is associated with release of
wastes from industries and from sand dredging
(lyama and Edori, 2013; Onyegeme-Okerenta et al.,
2016). It has been reported that elevated level of
water turbidity was attributed to the exploration and
refining activities of oil causing discharged of
pollutants including organic compounds and
suspended particles in water bodies (Gad et al.,
2022). The presence of suspended particles
including crude oil components in the mangrove
water could be responsible for the high turbidity of
the water observed in this study. Results of the
present study showed that the water sample
demonstrated a high total hardness value above the
WHO recommended value (300 mg/L) for drinking
water (WHO, 2020; SON, 2007). Hardness of water
is determined by the presence of dissolved calcium
and magnesium salts which are sources of water
pollution mainly from industrial discharges (Tesfaye
et al., 2019; Onojake and Abrakasa, 2012). Changes
in total hardness of water may be due to
decomposition and mineralization of organic matters
(Sekhar, 2020). Water salinity refers to the amounts
of salt present in water bodies. Increase in water
salinity increases the water density resulting to the
water stratification (Edori et al., 2020). High salinity
of water affects certain biotic processes and can
cause death of aquatic organisms if not control. Total
suspended solids of water refer to the presence of

organic particles and minerals in water bodies.
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Results of this study indicated that the water sample
demonstrated a high level of TSS more than the
WHO recommended value (10 mg/L) for domestic
reported that High level of water turbidity increases
TSS level of water causing adverse health effects to
aquatic life (Sri-Dattatreya et al., 2018). In the
present study TDS value of water sample is above
the maximum limit values 600 mg/L and 500 mg/L
set by WHO (2011), and SON (2007), respectively.
The level of TDS in water is depends on the levels
of organic and inorganic pollutants present in the
water bodies (Rahmanian et al., 2015). The TDS
level in the water sample observed in the present
study is higher than the values reported by the
relevant study (Edori et al., 2020) .The TDS value of
water bodies is an important index for regulating
biotic and abiotic factors in water bodies and for
waste water treatment process (Thirupathaiah et al.,
2012). Elevated level of TDS in water change the
composition of the water and can causes toxicity to
aquatic organisms (Tawati et al., 2018). Study
showed that crude oil pollutants from oil activities,
wastewater, municipal and agricultural run-off, and
industrial effluents are responsible for TDS in water
bodies (Okabekwa et al., 2024). The elevated level
of TDS observed in the water sample could be
attributed to the presence of oil components in the
mangrove water.Dissolved oxygen (DO) refers to
the amount of oxygen that can be hold by water. It is
depends on the temperature, salinity and pressure of
water (APEC, 2011). Amount of dissolved oxygen is
an indicator of prevailing water quality, trophic
status and the tendency of water bodies to support
survival of aquatic organisms (Sri-Dattatreya et al.,
2018). In this study the level of DO in the water

sample is above the recommended value (6 mg/L)

for the survival of aquatic organisms and domestic
uses (WHO 2017a; 2017b). Low level of dissolved
oxygen in water significantly affected the health of
aquatic organisms (Shehu, 2019). Respiration and
metabolic activities of aquatic organisms is
determined by the level of Dissolved oxygen in
water bodies (Nasrabadi et al., 2016). Studies
showed that crude oil components inhibit dissolution
of atmospheric oxygen into water bodies reducing
their freshness and quality (Azuamaha et al., 2023;
Hasan and Miah, 2014). Discharge of oil pollutants
from the oil industries in the mangrove water could
be responsible for the high DO level in the water.
Biochemical oxygen demand (BOD) refers to the
amount of oxygen required to decompose organic
pollutants presence in water (Sri-Dattatreya et al.,
2018; Amadi et al., 2010). It is affected by many
factors including the temperature, extent of
biochemical activities, and concentration of organic
substances (Muduli and Panda, 2010). In the current
study, the mangrove water exhibited a high level of
BOD above the WHO recommended limit (6.0
mg/L) (WHO 2017a; 2017b). This finding is in
agreement with the findings of Okabekwa et al.
(2024), Azuamaha et al. (2023), and Edori and Nna
(2018) who reported a high BOD values above the
WHO guideline. Research showed that oil split into
water increases the organic constituent resulting to
increase in the BOD level (Azuamaha et al., 2023).
The higher level of BOD observed could be
attributed to the large amount of organic pollutants
in the water body due to the oil activities in nearby
areas. Chemical oxygen demand (COD) refers to the
measure of water pollutants by the chemical
decomposition of organic and inorganic matters

(Waziri and Ogugbuaja, 2010). In the current study,
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the level of COD observed in the water sample is
above the recommended value ((< 10 mg/L) set by
WHO for domestic use and protection of aquatic
organisms (WHO, 2017a; 2017b). A relevant study
by Amadi et al. (2017) showed that Otamiri and
Oramiri-Ukwa water bodies demonstrated a COD
value within the range 10.20 mg/L to 50.00 mg/L.
High level of COD in water bodies are associated
with the presence of organic contaminants and
remains of dead and decay aquatic organisms
(Jamalianzadeh et al., 2022). The elevated level of
COD recorded in the water sample could be
attributed to the presence of oil pollutants in the
mangrove water.Alkalinity can be defined as the
measure of ability of water to neutralize acids and it
was mainly occurs due to the presence of carbonates
and bicarbonates in water bodies (Igwe et al., 2021).
In this study the water sample demonstrated a high
level of total above the permissible limit (120 mg/L)
set by the WHO (2020). High level of bicarbonate
was found in the water sample in the current study.
This finding is in line with that of Dirisu and
Olomukoro, (2015) who reported high level of
bicarbonate in Agbede wetland, southern Nigeria.
High level of bicarbonate is an indicator of hardness
of water which has hazardous effects on the
ecosystems (Mohammad et al., 2013). The high
level of alkalinity bicarbonate in the water sample
could be attributed to the oil industrial activities in
the nearby areas. This finding showed that the water
sample demonstrated low level of sulphate below the
limit values 250 mg/L, and 500 mg/L set by WHO
(2017) and NESREA (2009), respectively. Sulphate
in water is an important parameter that contributes to
water acidity. High level of sulphate in water

increases the acidity of water (Edori and Edori,

2021). High concentration of sulphate causes many
adverse health effects including include purgation,
lack of fluids in the body and abdominal irascibility
(Omaka et al., 2014). It has been reported that
mining activities, manufacturing processes, paper
milling and tanneries are major cause of high level
of sulphate in water bodies (Edori and Edori, 2021).
According to the WHO (2017) the standard
maximum level of phosphate in water is 1 mg/L. In
this study, the concentration of phosphate in the
water sample exceeded the standard maximum level
recommended by the world health organization.
Elevated phosphates level is associated with
significant changes in dissolved oxygen levels in
water (Edoreh et al., 2021). High level (44.383.3
mg/L) of phosphate has been reported in water body
in related study (Ekevwe et al., 2019). Nitrate is one
of the common pollutants in surface and
groundwater (Adimalla and Qian, 2019; Chen et al.,
2017). The level of nitrate in the water sample
observed in the current study was above the
maximum limit (10 mg/L) recommended by WHO
(2017). High concentration of nitrate in water bodies
is associated with increase total suspended solids of
water (Bijay-Singh and Craswell, 2021). In this
study, a high level of chloride was observed in the
water sample and was below the maximum accepted
chloride level (250 mg/L) in water (WHO, 2017).
This finding is in line with the findings of the
relevant studies by Gupta et al. (2016) and Sunday
(2018) who reported low concentration of chloride
in water than the WHO recommended limit.
Chlorides presence in water bodies affected the
nature and properties of water causing it unsafe for
domestic uses (Azuamaha et al., 2023). High

concentration of chloride in water increases
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electrical conductivity of water (Kpee et al., 2009).
High level of chloride in water is an indicator of
water pollution (Adimalla and Qian, 2019) and cause
significant health hazards (Ojekunle, et al., 2016).
Many epidemiological studies showed that
consumption of water contaminated with chlorine
increases risk of colorectal and bladder cancer (DPR,
2018). The high chloride level in the water sample
could be attributed to the water pollution caused by
crude oil components discharge in the water due to
the oil activities in the nearby area. In the present
study, the water sample demonstrated high level of |
lead, nickel, chromiun, cobalt, arsenic and cadmium
above limit values set by FEPA (2003), NSDWQ
(2017), and WHO (2021). Elevated level of heavy
metals in water bodies causes serious effects to
people using the water for domestic activities and/or
consuming the aquatic organisms from the water
(Al-Haidarey et al., 2010). Study showed that heavy
metals bio-accumulate in fish tissues thereby
causing different physiological and behavioural
effects (Ibemenuga e tal., 2019). It has been reported
that elevated level of heavy metals in water can lead
to the loss of biodiversity and degradation of habitats
(Uwah et al., 2013). Heavy metals including lead,
nickel, chromiun, cobalt, arsenic and cadmium have
been reported and documented to produce toxic
effect on various organs and tissues in the body
(Abubakar et al., 2022). In this study the water
sample exhibited a high concentration of
naphthalene, acenaphthene, fluorine,
acenaphthylene, anthracene, phenanthrene, and
pyrene above the WHO recommended value (5
mg/L) for drinking water (WHO, 2011). This finding
is in agreement with the findings by Anyakora and

Coker (2006) who observed a high concentration of

PAHs in crude oil contaminated water from the

Niger Delta region above the WHO recommended

value. Polycyclic aromatic hydrocarbons (PAHS)

demonstrated toxic, mutagenic, teratogenic and
carcinogenic properties and classified as the primary

environmental pollutants (USEPA, 1984).

5. Conclusions

The levels of the physico-chemical parameters,

heavy metals, and PAHs analyzed in this study were

above and/or below the standard limits
recommended by the national and/or international
standard organizations or bodies for survival of
aquatic organisms and domestic uses. High level of
these parameters causes health adverse effects on
human, plants animals, and aquatic organisms.

Hence, the mangrove water is not recommended for

consumption and domestic uses. There is a need for

controlling the discharge pollutants in the mangrove
water for sustainable pollution control.
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