
 

 

Global Journal of Earth and Environmental Science  
Volume 9(4), pages 121-134, December 2024 

Article Number: 82A6571B1 
ISSN: 2636-6002 

https://doi.org/10.31248/GJEES2024.160 
https://integrityresjournals.org/journal/GJEES 

 Full Length Research 
 
 
 
 

Impact of urbanization on mangrove wetland at Eagle 
Island, Rivers State, Nigeria 

 

Fombo, Uwana Sonny1, Aroloye O. Numbere2*, Emoyoma Udi3 
 

1Institute of Natural Resources and Environmental Studies, University of Port Harcourt, P. M. B. 5323, Choba, Nigeria. 
2Department of Animal and Environmental Biology, University of Port Harcourt, P. M. B. 5323, Choba, Nigeria. 

3African Centre of Excellence for Public Health and Toxicological Research (ACE-PUTOR), University of Port Harcourt, 
P. M. B. 5323, Choba, Nigeria. 

 
*Corresponding author. Email: aroloyen@yahoo.com 

 
Copyright © 2024 Fombo et al. This article remains permanently open access under the terms of the Creative Commons Attribution License 4.0, 

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 
 

Received 14th September 2024; Accepted 10th December 2024 
 

ABSTRACT: Urbanization has destroyed wetlands globally, and in the Niger Delta area surge in human population has 
led to increased encroachment into wetlands area resulting in habitat destruction.  This research aims to determine the 
impact of urbanization on selected wetland areas at Eagle Island, Rivers State.  The study was carried out between April 
2023 and January 2024. Physico-chemical parameters were assessed using standard procedures. The results of the 
water quality assessment show the range of temperature, dissolved oxygen, and pH to be within acceptable limits for 
tropical waters as recommended by WHO, while others, including total dissolved solids and electrical conductivity (µS/cm), 
were not within acceptable limit as stipulated by WHO. The mean concentration of heavy metals, nitrates, and phosphate 
in surface water was within the NUPRC permissible limits. The mean concentrations of cadmium, chromium, and lead in 
sediment were higher than the NUPRC permissible limits, while nickel, iron, nitrate, and phosphate were within the NUPRC 
permissible limits. The concentration of metals in surface water were: Cd= 0.014 µg/l, Cr = 0.219 µg/l, Ni = 0.651 µg/l, Pb 
= 0.160 µg/l, Fe = 1.881 µg/l, in the order of Fe>Ni>Cr>Pb>Cd. The result implies that there is a gradual deterioration of 
environmental quality as a result of human-mediated activities. The soil and water quality in wetland areas are facing 
degradation because of the unprotected intrusion of private individuals and organizations who enter to carry out the sand 
filling, swamp reclamation, and construction activities, leading to the loss of wetlands and river systems. 
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INTRODUCTION  
 
Wetlands constitute one of the most vital ecosystems in 
the world and are mostly considered to be knit zones 
between terrestrial and aquatic ecosystems (Rupp et al., 
2010). They are often referred to as “the earth’s kidney”, 
due to their beneficial roles. Wetlands offer multiple 
ecosystem functions. Chief among them is their capability 
to serve as water regulators by cushioning the excesses 
associated with the discharge of rivers (Rupp et al., 2010). 
They also serve as water storage, flood control, 
purification of pollutants, and maintenance of biodiversity. 
They   also   accomplish   essential   retention  functions in 

nutrient cycling and the treatment of impurities conveyed 
in the river system (Rupp et al., 2010).  

The 1971 Ramsar Convention on Wetlands defined as 
“areas of marsh, fen peat land or water whether natural or 
artificial, permanent or temporary, with water that is static 
or flowing, fresh, brackish or salt, including areas of marine 
water the depth of which at low tide does not exceed six 
meters.” 

As a result of industrial and socioeconomic enlargement 
and other pressures, such as land use change in wetland 
areas, the total area of wetlands in the world  is  decreasing  
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year on year (Kundu et al., 2024). Previous reports have 
posited that the expansion of farmland and agronomic 
factors contributes to 58% of wetland habitat loss (van Ael 
et al., 2012). As a result of the rapid growth in human 
populations, wetlands worldwide are suffering from severe 
degradation. (Bai et al., 2013). Given that the wetland 
ecological environment is fragile, land use changes of this 
nature can result in the non-reversible destruction of the 
various ecological functions performed by the wetland 
habitat (Crabbe et al., 2024). Many factors can affect the 
surface water quality of a wetland, including both point 
source such as domestic and industrial wastewater 
discharge and non-point source pollution such as farmland 
runoff and atmospheric pollutant deposition (Qiu et al., 
2018). Wetlands can improve water quality through natural 
processes of pollutant attenuation (USEPA, 2004), such 
as the removal of phosphorus and nitrogen by biological 
communities, degradation of hydrocarbons by wetland 
aquatic plants, dilution of pollutants, or accumulation of 
sediments in the wetland water body (Ijoma et al., 2024). 
In Nigeria, surface water pollution is majorly caused by 
anthropogenic activities. These may be in the form of 
commercial activities, laundering, sawmills and industrial 
activities. Other anthropogenic activities that cause water 
pollution and affect aquatic biota on reaching water bodies 
are various industries such as textile, metal, drying 
chemicals, fertilizers, pesticides, cement, petrochemical, 
energy and power, leather, sugar processing, 
construction, steel, engineering, food processing, mining, 
and others. They worsen and broaden water pollution 
(Numbere, 2023). Effluents are dumped into various water 
bodies, causing surface/groundwater pollution, 
endangering biodiversity, and lowering agriculture 
production. A study of rivers around industrial areas 
indicated that surface water resources are highly 
vulnerable to pollution as the entire stretch is heavily 
polluted with sewage and uncontrolled application of 
chemicals, so their effect on surface and groundwater is 
an emerging concern (Azimi et al., 2019; Rai et al., 2019). 
Since many effluents are not treated properly, these 
products are discharged on the ground or into the water 
bodies (Odiete, 1999), and most of these discharges to 
water bodies accumulate in the system through the food 
chain (Odiete, 1999). 

Sediment refers to a mixture of several components of 
minerals, species, and organic debris. Contaminated 
sediment can cause lethal and sub-lethal effects in benthic 
and sediment-associated organisms (EPA, 2005). 
Sediments are an integral part of the aquatic 
environments, providing habitat, feeding, and rearing 
areas for shellfish, fish, and other fauna (Odiete, 1999). It 
serves as a reservoir and source of contaminants in the 
water column. Usually, the quantity of contaminants found 
accumulates in sediment to elevated levels (Machado da 
Silva et al., 2024). 

Anthropogenic activities  negatively  influence  the  water  

 
 
 
 
quality and aquatic ecosystem functions and put 
tremendous pressure on these ecosystems, leading to a 
decrease in water quality and biodiversity, loss of critical 
habitats, and ultimately, the quality of life of local 
inhabitants (Herrera-Silveira and Morales-Ojeda, 2009). 
Continuous water quality measurements and analyses are 
necessary to manage coastal water quality effectively. 
Typical results of human activities proved to be elevated 
levels of heavy metals present in freshwater, and among 
these microelements are lead (Pb), cadmium (Cd), 
mercury (Hg), and chromium (Cr) most specifically (Farkas 
et al., 2002). There is a conspicuous impact from 
anthropogenic activities in most regions globally. However, 
it is predominantly evident in estuaries and coastal 
wetlands subject to several environmental stresses, such 
as mining, water abstraction, altered hydrology, effluents 
(industrial and domestic), habitat dilapidation, and 
excessive harvest of resources (Butler, 2006). 

Heavy metal pollution is one of the environmental 
challenges that has emerged due to the economic growth 
of many countries (Gao and Chen, 2012). They can 
accumulate in microorganisms, flora, and fauna of aquatic 
habitats and find their way into the human food chain, 
leading to health problems (Alhashemiet al., 2012).  

Therefore, this research aimed to assess the impact of 
urbanization on selected wetland areas at Eagle Island in 
Rivers State, Nigeria. The specific objectives of the study 
were to: 
 
1. determine the physicochemical parameters in surface 

water in Eagle Island, Nigeria. 
2. evaluate the nutrients and heavy metal concentrations 

(Lead, Cadmium, Chromium, Iron, and Nickel) in 
surface water. 

3. determine the nutrients (Phosphate and Nitrate) and 
heavy metals in sediments. 

 
 
MATERIALS AND METHODS 
 
Description of the study area  
 
The study was carried out in the wetland surrounding 
Eagle Island, Port Harcourt, Rivers State. Eagle Island is 
located along latitude 04⁰47.210˝N and longitude 
006’58.990’E within Port Harcourt (Numbere et al., 2024; 
Figure 1a). The study area is Eagle Island Creek, which is 
bounded by Rivers State University, Agip Oil Company by 
the West, and the Bonny River by the West and South. The 
creek is a brackish water with tidal fluxes. The vegetation 
cover is dominated by mangrove forest (Rhizophora sp, 
Avicenia germinans) and Nypa palm (Nypa fruticans). 
Three stations were selected and geo-referenced based 
on the activities taking place (Figure 1b). Station 1 lies 
between the latitude of 04⁰47.210˝N and the longitude of 
006’58.943˝E. The station is located  near  an  abattoir  and  
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Figure 1a. Map of Study Area Displaying Sample Location (Source: Geography Department University of Port Harcourt, Rivers State 
Nigeria). 

 
 
 

is characterized by the disposal of organic and inorganic 
wastes. The abattoir discharges organic substances and 
effluents, which comprise the stomach and intestinal 
contents of slaughtered animals, into the nearby river. The 
aquatic vegetation consists mainly of mangroves 
(Rhizophora species, Avicenna germinanes, and Nypa 
fruticans). Station 2 lies between latitude 04⁰47.236˝N and 
longitude 006’58.990’E, and about 500 m from station 1. 
The water here disconnects from station 1 during ebb tide 
and reconnects during high tide. Human activities include 
sawmilling and land reclamation (sand filling) for the 
construction of houses and filling stations. The vegetation 
has deteriorated due to the land reclamation activity. 
Station 3 (Control), is where no developmental activities 
(building, construction, etc.) exist. 
 
 
Sample collection 
 
Water, sediment, and benthos samples were collected 
monthly from April 2023 to March 2024. Approximately  0.5 

kg of sediment was collected from the bottom of the water 
body at each sampling point using a stainless steel 
sampler. Samples collected from each point were 
thoroughly mixed in a clean plastic container to obtain a 
representative sample that was dried, crushed, and sieved 
with 2 mm mesh before being stored in labelled polythene 
bags prior to the analysis. The sediment samples were 
labelled in line with the regions from which they were 
obtained. 
 
 
Determination of physicochemical properties of water 
samples  
 
The physical and chemical parameters collected in the 
study included temperature, pH, electrical conductivity, 
salinity, total dissolved solids, turbidity, biochemical 
oxygen demand, and dissolved oxygen. After calibrating 
the instrument with the standard solutions, the 
temperature, turbidity, pH, electrical conductivity, and total 
dissolved  solids  were measured  in situ  using  Extech,  a  
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Figure 1b. The study sites: (a) abattoir, (b) bridge separating site a and b and (c) control site at Eagle Island, Niger Delta. Nigeria. 
 
 
 

multiple-parameter digital test kit (DO: 700 models). The 
units of measurement were temperature (C°), turbidity 
(NTU), conductivity (S/cm), Total dissolved solids (TDS 
mg/L), Dissolved Oxygen (mg/L), Biochemical Oxygen 
Demand (mg/l), Total dissolved solids (mg/L), Available 
Phosphorus (P), and Total Nitrogen (TN). Collected 
samples were stored in a labeled cellophane bag 
indicating the sample code, date and time of collection as 
well as the name of the collector and kept in an ice-chest 
box before transferring to the laboratory while other 
parameters such as dissolved oxygen, biochemical 
oxygen demand were measured in the laboratory. 
 
 
Temperature 
 
The water temperature was measured using Extech a 
multiple parameter digital test kit (DO: 700 model). The 
sensitive part of the thermometer was immersed directly 
into the water and allowed to stabilize before readings 
were taken. Three readings were taken and the mean 
values of the three were calculated and recorded. 
 
 
Turbidity 
 
The water turbidity was measured in situ at a depth of 15 
cm below the water surface using Extech a multiple 
parameter digital test kit (DO: 700 model). The sensitive 
part of the thermometer was immersed directly into the 
water and readings were  taken. The  mean  values  of  the 

three readings were calculated and recorded as the 
groundwater turbidity for the stations (measured in the 
Nephelometric Unit (NTU)) (APHA, 1998). 
 
 
pH 
 
The water for hydrogen ion concentration pH was also 
measured in-situ at a depth of 15cm below water surface 
using a multiple-parameter Extech water checker (Model 
DO: 7000). The instrument was first calibrated with the 
standard Horiba solution. The measurement for pH was 
done as soon as possible by dipping the probe into the 
water sample. The switch button was put on while the 
arrow key was moved to the pH command displaying the 
values. After the value stabilized, the reading was taken. 
This was repeated three times and the average value was 
recorded (APHA, 1998). The same was also done for all 
sampling stations. 
 
 
Dissolved Oxygen (DO) 
 
Water samples are used to measure dissolved oxygen 
(DO) according to Modified Azide or Winkler’s method 
(APHA, 1998). A well-labeled clean 70-ml DO bottle 
initially rinsed with water sample from the station was 
dipped below the water surface and allowed to fill to 
overflow to remove every trapped air bubble in the bottle 
filled with the sample, 0.5 ml Manganous sulfate (Winkler-
I)  solution   was  fixed,   followed   by   0.5  ml  alkali-iodide  



 
 
 
 
 
reagent (Winkler-II) was added, stopper placed to remove 
air bubbles from the sample and mixed properly with 
several inversions. Water samples previously treated with 
Winkler I and II were reacted with 0.5 ml concentrated 
sulphuric acid (H2SO4), stopper placed, and mixed 
properly for the complete dissolution of the precipitate. A 
volume of 25 ml portion of the sample was placed in an 
Erlenmeyer flask. A few drops of the freshly prepared 
starch solution were added and titrated with 0.025 N 
Na2S2O3 (sodium thiosulfate) solution. The titration 
continued until the first disappearance of the blue color 
from blue-black to colorless, and the endpoint was 
recorded (APHA, 1988; ATSDR, 1999). 
 
 
Biochemical Oxygen Demand (BOD) 
 
Water samples were collected in the same way as the DO 
was incubated at 20°C for five days. At the end of the 
incubation period, the samples are treated in the same 
manner as the DO samples stated above to determine the 
dissolved oxygen. To ensure the presence of oxygen, the 
BOD samples were diluted before incubation and the DO 
of the dilution water was determined. DO at day 5 was 
determined as in dissolved oxygen above and the BOD5 
was calculated using the following:  
 
(A - B) x DF 
 
Where: A is the Initial DO of dilution water, B is DO after 5 
days of incubation and DF is the dilution factor of the 
sample to water. 
 
 

Total dissolved solids (TDS) 
 
Total dissolved solids were measured in situ at a depth of 
15 cm below the water surface with Extech Multi-
parameter digital meter. The instrument was standardized 
with Extech standard solution before the measurement 
was taken. The procedure was similar to those of the 
above parameters but the difference was that the cursor 
was moved to dissolve solid parameter. At the stability of 
the instrument, values were taken repeatedly three times 
in mg/L. 
 
 
Electrical conductivity (µSCm-2) 
 
The electrical conductivity of the sample at the stations 
was measured in situ using the Extech multi-parameter 
equipment. The same procedure was adopted in 
measuring for pH electrical conductivity parameter 
measured in uSCm-2. 
 
Sediments: The dishes were cleaned,  dried,  touched  off,   
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and  covered   at   50˚C  for  30  minutes  in  the  heater  to 
inactivate or kill every enduring microorganism. The dishes 
were cooled and canvassed in desiccators. They were 
weighed until a steady weight was obtained. A 5.0 g of the 
sieved air-dried sediment tests were precisely placed into 
the dish and lit in a mute heater for 6 hours, opening the 
cover for the getaway of gases at 50˚C. This was checked 
occasionally until complete ashing (dark white debris) was 
obtained. The debris tests were permitted to cool, and 5 ml 
of 10% HCl was added to each example to upgrade 
dissolution. 5 ml of 10% HNO3 was added from there and 
set on a water shower to break down totally. The 
arrangement was dissipated to approach dryness on the 
water shower. The sediments were sifted through 
Whatman No. 42 channel paper into a perfect, dry 50 ml 
standard volumetric carafe on cooling to room 
temperature. The dish and the channel paper were 
washed into the flagons, imprinting them with deionized 
water (Nwaichi et al., 2016). The resultant arrangements 
from the separate absorptions were prepared for metal 
investigation. The clear was additionally pre-arranged after 
a similar technique. The resultant arrangements from the 
separate assimilations and clear, arranged after a similar 
system, were utilized to investigate Cd, Zn, Ni, Cu, and Cr 
utilizing GBC-Avanta PM SN A6600 Atomic Absorption 
Spectrophotometer. Lattice coordinating, standard 
expansion, and foundation amendment were utilized to 
beat impedance. After each assurance, the spaces and 
confirmed reference materials were additionally run to 
determine the accuracy and instrumental vulnerability. The 
percentage of metals recuperated from the confirmed 
reference material was 93.2%, 95%, 89%, 85%, and 96% 
for Cd, Zn, Ni, Cu, and Cr separately. Atomic absorption 
spectrophotometric methodology was used to determine 
the concentration of toxic metals in the surface water and 
sediment samples. Appropriate scaling of the required 
quantities of water for the test was transferred into 
laboratory test bottles and taken for analysis. 
 
Surface water: Water samples were acidified using HNO3 
to pH < 2 and were well shaken to homogenize, after which 
duplicate samples were prepared using the following 
procedure (APHA, 1998). A 50 ± 1 mL sub-sample was 
then dispensed into a 250 ml beaker (digestion vessel) well 
fitted with a watch glass, 1.0 ± 0.1Ml of concentrated. 
HNO3 and 0.50 ± 0.05 mL concentrated HCl were added 
to each sample. The solution was covered using the watch 
glass and digested for 2.0 – 2.5 hours at 95 ± 5°C in the 
fume hood. Samples were removed from the heat source 
and left to cool for at least 30 minutes to reduce any 
potentially harmful fumes from the sample. The watch 
glass was then removed while samples were reconstituted 
back to 50 ± 1 mL with distilled water and well shaken to 
mix. The solution was transferred into a 100 ml plastic can 
for an Atomic absorption spectrophotometer (AAS) for 
metal concentration measurement. 
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Statistical analysis 
 
All data from this study are presented as means, standard 
deviations, and standard error of the mean. Quantitative 
techniques in data presentation and analysis were 
employed in the study. SPSS version 22 was used for the 
statistical analysis. A one-way ANOVA was used to 
determine the significant difference in gaseous emissions. 
Microsoft EXCEL was used to illustrate graphs for the air 
quality parameters. Statistical significance of the values 
was considered at p<0.05 (Logan, 2010). 
 
 
RESULTS  
 
Physicochemical parameters of surface water 
 
The results of the physicochemical parameters of surface 
water samples from the sampling stations at Eagle Island 
during the sampling period are presented in Table 1 and 
Figure 2. 
 
 
pH 
 
During the study period, a range of 6.36 to 11.86 was 
observed for pH (Table 1, Figure 2a). The mean pH across 
the stations ranged from 8.69 ± 0.37 in station 2 to 8.72 ± 
0.26 in station 3.  ANOVA results showed no significant 
difference in mean pH between stations and months at 
(p>0.05).  
 
 
Dissolved Oxygen 
 
The concentration of Dissolved Oxygen across the 
stations and months ranged between 4.2 to 6.7 mg/l. The 
mean dissolved oxygen across the stations was lowest in 
the station 2 with 4.49 ± 0.06 mg/l and highest in station 3 
with 4.88 ± 0.19 mg/l (Table 1, Figure 2b).  Statistical 
Analysis of Variance (ANOVA) result revealed that there 
was no significant difference in the mean DO at (P>0.05) 
across the stations.    
 
 
Electrical Conductivity 
 
Electrical conductivity observed across the stations and 
months revealed that there was no much variation 
throughout the period sampled (Table 1, Figure 2c).  The 
result shows that the mean variation in conductivity values 
ranges from 1254 to 17440 µs/cm. The maximum mean 
value of 12006.11 ± 1445.63 µs/cm was recorded in 
Station 1 while the minimum mean value of 10977.60 ± 
665.15 µs/cm was recorded in Station 3. One way analysis 
of variance  revealed  that  conductivity  is  not  significantly   

 
 
 
 
different (p>0.05) in the various stations across the 
months.   
 
 
Total Dissolved Solids (TDS) 
 
Total dissolved solids TDS concentration collected across 
the stations and the months revealed that there were no 
variations throughout the period samples as presented in 
Table 1 and Figure 2d. The table shows that variations in 
TDS values range from 627 to 10375 mg/L. Station 1 
recorded the highest mean value (7688.26 ± 964.86 mg/L) 
while station 3 had the least mean value of 6766.32 ± 
417.99 mg/L. One way Analysis of Variance revealed that 
TDS was not significantly different (p>0.05).   
 
 
Salinity 
 
Salinity recorded across the stations showed slight or no 
variations throughout the period samples as presented 
Table 1 and Figure 2e. The figure shows that variations in 
salinity values ranged from 0.65 0/00– 1.12 0/00. The highest 
mean value of 0.82 ± 0.270/00 was recorded in station 2 
while the minimum mean value 0.78 ± 0.020/00 was 
recorded in station 3. A One way Analysis of Variance 
(ANOVA) revealed that salinity in the various stations of 
the month sampled was not significantly different (p>0.05). 
 
 
Temperature (⁰C) 
 
The temperature ranged from 28.4 to 32.3⁰C throughout 
the study period (Table 1, Figure 2f). The highest mean 
temperature 30.40 ± 0.22⁰C was observed in station 3 
while the lowest mean temperature occurred in station 1 at 
29.81 ± 0.35⁰C. One way analysis of variance revealed 
that temperature had no significant difference across the 
stations at p>0.05.  
 
 
Nutrients and heavy metals in surface water 
 
The results of nutrients and heavy metals in surface water 
across the various stations are presented in Table 2 and 
Figure 3. 
 
 
Nitrate 
 
The concentration of Nitrate ions in surface water across 
the stations ranged from 0.05 to 2.66 mg/l. The mean 
Nitrate ion across the stations was lowest in Station 3 with 
1.16 ± 0.11 mg/l and highest in Station 2 with 1.86 ± 0.23 
mg/l (Table 2, Figure 3a).  Statistical Analysis of Variance 
(ANOVA)   result   revealed   that   there  was    a   significant   
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Table 1. Range, mean and standard error of physicochemical across the stations at Eagle Island, Nigeria (±SE). 
 

Parameters Station 1 Station 2 Station 3 WHO/NUPRC limit 

pH 
6.36 - 11.86 6.41 - 11.72 6.44 -11.59 

6.5 – 8.5 
8.702 ± 0.50 8.69 ± 0.37 8.72 ± 0.26 

D.O (mg/L) 
4.30 - 6.30 4.20 -5.10 4.30 - 6.70 

3.0-5.0 
4.88 ± 0.19 4.49 ± 0.27 4.84 ± 0.12 

EC (µs/cm) 
1254.0 - 16992.0 3724.0 - 15326.0 4895.0 - 17440.0 

2000 
12006.11 ± 1445.63 11438.37 ± 830.19 10977.60 ± 665.15 

TDS (mg/L) 
627.0 - 10375.0 2072.0 - 10248.0 2447.0 -10115.0 

500 
7688.26 ± 964.86 6844.48 ± 533.86 6766.32 ± 417.99 

Salinity (ppt) 
0.7 - 1.02 0.69 - 1.01 0.65 - 1.12 

Na 
0.814 ± 0.037 0.82 ± 0.27 0.78 ± 0.02 

Temperature (0C) 
28.4 - 31.5 28.2 - 31.5 28.2 - 32.3 

25-30 
29.81 ± 0.35 30.19 ± 0.25 30.40 ± 0.22 

 
 
 

 
 

Figure 2. Monthly fluctuation of physicochemical parameters in surface water at Eagle Island, Niger Delta, Nigeria (±SE) (p > 0.05). 
 
 
 

difference in the mean NO2 at (p<0.05) across the stations.    
 
 
Phosphate (PO4) 
 
The phosphate concentration in surface water across the 
stations and months ranged between 0.11 to 2.97 mg/l 
(Table 2, Figure 3b). The highest mean concentration was 
recorded at station 2 (1.51 ± 0.21 mg/l), while the lowest 
mean concentration was recorded at station 3 with 1.08 ± 
0.10 mg/l. A One-way Analysis of Variance (ANOVA) 

result revealed that there was no significant difference in 
the mean PO4 at (p>0.05) across the stations.    
 
 
Cadmium (Cd) 
 
The concentration of Cadmium in surface water across the 
stations ranged between 0.00 to 0.04 mg/L, the mean 
concentrations across the stations were 0.01 ± 0.00 mg/L). 
A One-way Analysis of Variance (ANOVA) result revealed 
that there was no significant difference in the  mean  Cd at  
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Table 2. Range, mean and standard error of nutrients and heavy in surface water at Eagle Island, Nigeria (±SE). 
 

Parameters Station 1 Station 2 Station 3 WHO/NUPRC limit 

Nitrate (mg/l) 
0.15 - 2.66 0.10 – 2.66 0.05 – 1.85 

50 
1.83 ± 0.21 1.86±0.23 1.16 ± 0.11 

Phosphate (mg/l) 
0.16 – 2.78 0.13 – 2.97 0.11 – 1.76 

5 
1.49 ± 0.29 1.51±0.21 1.08 ± 0.10 

Cadmium (mg/l) 
0.0 - 0.03 0.00 – 0.04 0.01 – 0.02 

0.03 
0.01 ± 0.00 0.01±0.00 0.01±0.00 

Chromium (mg/l) 
0.0 – 0.81 0.00 – 0.90 0.01 – 0.71 

0.05 
0.54 ± 0.11 0.58±0.08 0.43 ± 0.05 

Nickel (mg/l) 
0.02 – 2.22 0.03 – 2.44 0.01 – 2.05 

10 
1.49 ± 0.30 1.57 ± 0.23 1.36 ± 0.16 

Lead (Pb) (mg/l) 
0.07 – 0.23 0.02 -0.95 0.02 – 0.85 

0.01 
0.11±0.02 0.25±0.06 0.23 ± 0.04 

Iron Fe (mg/l) 
1.37 – 3.48 1.22 – 2.95 0.91 – 5.35 

10 
2.14 ± 0.16 2.04 ± 0.08 2.12 ± 0.19 

 
 
 

 
 

Figure 3. Monthly fluctuation of nutrients and heavy metal concentration in surface water at Eagle Island, Niger Delta, Nigeria (±SE).



 
 
 
 
 
(p>0.05) across the stations as presented in Table 2 and 
Figure 3c. 
 
 
Chromium (Cr) 
 
The concentration of Chromium in surface water across 
the stations ranged between 0.00 to 0.90 mg/L (as 
presented in Table 2 and Figure 3d), with the highest mean 
concentration (0.58 ± 0.08 mg/L) recorded in Station 2, 
while the minimum was recorded in Station 3 (0.43 ± 0.05 
mg/L). A One-way Analysis of Variance (ANOVA) result 
revealed that there was no significant difference in the 
mean Cr at (p>0.05) across the stations.    
 
 
Nickel (Ni) 
 

The concentration of Nickel in surface water across the 
stations ranged between 0.01 to 2.44 mg/L as presented 
in Table 2 and Figure 3e. The highest mean concentration 
(1.57 ± 0.23 mg/L) was recorded in Station 2, while the 
minimum was recorded in Station 3 (1.36 ± 0.16 mg/L). A 
One-way Analysis of Variance (ANOVA) result revealed 
that there was no significant difference in the mean Nickel 
at (p>0.05) across the stations.    
 
 
Lead (Pb) 
 

The concentration of Lead (Pb) in surface water across the 
stations ranged between 0.02 to 0.95mg/L, the highest 
mean concentration (0.25 ± 0.06 mg/L) was recorded in 
Station 2, while the minimum was recorded in station 1 
(0.11±0.02mg/L) as presented in Table 2 and Figure 3f. A 
One-way Analysis of Variance (ANOVA) result revealed 
that there was no significant difference in the mean Pb at 
(p>0.05) across the stations.    
 
 
Iron (Fe) 
 

The ironic concentration in surface water across the 
stations ranged between 0.91 to 5.35 mg/L, with the 
highest mean concentration (2.14 ± 0.16 mg/L) recorded 
in Station 1, while the minimum was recorded in Station 2 
(2.04 ± 0.08 mg/L) as presented in Table 2 and Figure 3g. 
A One-way Analysis of Variance (ANOVA) result revealed 
that there was no significant difference in the mean Fe at 
(p>0.05) across the stations.    
 
 
Nutrients and heavy metals in sediment 
 

The results of nutrients and heavy metals in sediment 
across the various stations are presented in Table 3 and 
Figure 4. 
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Nitrate 
 

The concentration of Nitrate ions in sediment across the 
stations ranged from 0.02 to 6.98 mg/kg. The mean Nitrate 
ion across the stations was lowest in Station 1 with 
3.61±0.76 mg/kg and highest in Station 3 with 4.37 ± 0.51 
mg/kg.  The results of the statistical analysis of variance 
(ANOVA) revealed that there was no significant difference 
in the mean NO2 at (p>0.05) across the stations as 
presented in Table 3 and Figure 4a. 
 
 

Phosphate (PO4) 
 
The phosphate concentration in sediment across the 
stations and months ranged between 0.02 and 3.60 mg/kg 
(Table 3, Figure 4b). The lowest mean concentration was 
recorded at Station 1 (2.28 ± 0.48 mg/kg), while the highest 
mean concentration was recorded at Station 2 (2.54 ± 0.36 
mg/kg). A One-way Analysis of Variance (ANOVA) result 
revealed that there was no significant difference in the 
mean PO4 at (p>0.05) across the stations.    
 
 

Cadmium (Cd) 
 
The concentration of Cadmium in sediment across the 
stations ranged between 0.01 and 1.02 mg/L, with the 
highest mean concentration (0.65 ± 0.07 mg/kg) recorded 
in Station 3, while the minimum was recorded in Station 1 
(0.50 ± 0.11 mg/kg) (Table 3 and Figure 4c). A One-way 
Analysis of Variance (ANOVA) result revealed that there 
was no significant difference in the mean Cd at (p>0.05) 
across the stations.    
 
 

Chromium (Cr) 
 
The concentration of Chromium in sediment across the 
stations ranged between 0.01 and 3.15 mg/kg, with the 
highest mean concentration (2.05 ± 0.30 mg/kg) recorded 
in station 2, while the minimum was recorded in station 1 
(1.45 ± 0.31 mg/kg) (Table 3 and Figure 4d). A One-way 
Analysis of Variance (ANOVA) result revealed that there 
was no significant difference in the mean Cr at (p>0.05) 
across the stations.    
 
 

Nickel (Ni) 
 
The concentration of Nickel in sediment across the 
stations ranged between 0.08 and 9.85 mg/kg, with the 
highest mean concentration (6.18 ± 0.88 mg/kg) recorded 
in Station 2, while the minimum was recorded in Station 1 
(4.91 ± 0.98 mg/kg) (Table 3 and Figure 4e). A One-way 
Analysis of Variance (ANOVA) result revealed that there 
was no significant difference in the mean Nickel at 
(p>0.05) across the stations.   
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Table 3. Range, mean and standard error of nutrients and heavy in sediment at Eagle Island, Nigeria (±SE). 
 

Parameters Station 1 Station 2 Station 3 WHO/NUPRC limit 

Nitrate (mg/kg) 
0.04 - 0.30 0.05 - 6.22 5.14 - 6.98 

50 
3.61 ± 0.76 4.02 ± 0.58 4.37 ± 0.51 

Phosphate (mg/kg) 
0.02 – 3.60 0.07 - 3.82 0.07 -3.87 

5 
2.28 ± 0.48 2.54 ± 0.36 2.50 ± 0.29 

Cadmium (mg/kg) 
0.02 – 0.82 0.01 – 0.93 0.01 – 1.02 

0.8 
0.50 ± 0.11 0.56 ± 0.09 0.65 ± 0.07 

Chromium (mg/kg) 
0.02 – 2.51 0.02 – 3.15 0.01 – 3.06 

100 
1.45 ± 0.31 2.05 ± 0.30 1.81 ± 0.21 

Nickel (mg/kg) 
0.08 - 7.26 0.18 - 9.85 0.29 – 9.55 

35 
4.91 ± 0.98 6.18 ± 0.88 5.98 ± 0.68 

Lead (Pb) (mg/kg) 
0.14- 2.72 0.18 – 2.81 0.18 – 2.42 

85 
1.66 ± 0.21 1.90 ± 0.17 1.68 ± 0.12 

Iron Fe (mg/kg) 
25.35 - 2411.05 25.51 – 2714.32 30.74 – 2432 

200 
1471.13 ± 266.87 1644.10 ± 221.87 1509.87 ± 147.77 

 
 
 

 
 

Figure 4. Nutrient and heavy metal concentration in sediments across the stations and months in Eagle Island, Nigeria (±SE). 
 
 
 

Lead (Pb) 
 
The concentration of Lead (Pb) in sediment across the 
stations ranged  between  0.14  and  2.81 mg/kg,  with  the 

highest mean concentration (1.90 ± 0.17 mg/kg) recorded 
in Station 2, while the minimum was recorded in Station 1 
(1.66 ± 0.21 mg/kg) (Table 3 and Figure 4f). A One-way 
Analysis of Variance  (ANOVA)  result  revealed  that  there  



 
 
 
 
 
was no significant difference in the mean Pb at (p>0.05) 
across the stations.  
 
 
Iron (Fe) 
 
The ironic concentration in sediment across the stations 
ranged between 25.35 and 2714.32 mg/kg, with the 
highest mean concentration (1644.10 ± 221.87 mg/kg) 
recorded in Station 2, while the minimum was recorded in 
Station 1 (1471.13 ± 266.87 mg/kg) (Table 3 and Figure 
4g). A One-way Analysis of Variance (ANOVA) result 
revealed that there was no significant difference in the 
mean Fe at (p>0.05) across the stations.    
 
 
DISCUSSION  
 
The pH range of 6.36 to 11.86 with a mean range of 8.69 
± 0.37 to 8.702 ± 0.50 recorded in this study are within the 
NUPRC and WHO permissible limits of 6.5 to 8.5 for 
surface water pH. These were, however, higher than the 
pH range of 6.58 ± 0.10 to 6.86 ± 0.31 reported by 
Tamunotonye et al. (2021) along the Okpoka Creek, and 
4.83 to 7.58 reported by Akankali et al. (2022) at Eagle 
Island, Port Harcourt. The pH concentration was lowest in 
the month of April and highest in the month of August 
(Figure 2a), signifying an increase in seasonal changes. 
The pH range in July and August was higher than the 
WHO/NUPRC permissible limits for surface water pH. The 
range of pH values recorded for each month fell below the 
allowable limit set by WHO (2011). The alkalinity of pH 
during the study period may be due to the influx of 
domestic wastes, abattoir waste, industrial activities, and 
debris decay in the area. Change in pH may have dire 
consequences for aquatic organisms' health since most of 
their metabolic activities are pH-dependent (Okorafor et 
al., 2013).  

The temperature range of 28.4 to 32.3⁰C, recorded in 
this river, is typical of tropical brackish waters. However, 
previous researchers had reported similar values of 27 to 
32⁰C (Sibe et al., 2019) in interstitial waters of K-Dere, 26.2 
to 32.4⁰C (Emoyoma et al., 2019) and 27.2 to 30.7⁰C at 
Eagle Island (Akankali et al., 2022). The results obtained 
are in line with the WHO/NUPRC standards, but Nduka 
and Orish (2008) attributed this high temperature to be a 
result of industrial discharges, gas flaring, and fire break 
and gas exploration in the Niger Delta. Temperature 
influences migration, spawning, egg incubation, growth, 
and metabolism of aquatic organisms. An increase in 
temperature will lead to an increased rate of chemical 
reactions and the formation of toxic complexes, which may 
profoundly affect aquatic organisms. Temperatures 
outside the acceptable limits could directly affect the 
dissolved oxygen level and pH available to the aquatic 
environment. 
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The concentration of Dissolved Oxygen (DO) in natural 
waters is influenced by the water body's physical, 
chemical, and biochemical activities. This study's DO 
values (4.30-6.70 mg/l) varied slightly from the FMENV 
permissible limit of 5.0 mg/l. This can be as a result of 
rainfall and run-offs. Dissolved Oxygen is necessary for 
the survival of aquatic life, and it is also used to ascertain 
the extent of fresh water in rivers. A DO level as low as 1 
1mg/L will slow down the growth of aquatic life when 
continuously exposed, while a level below 1 mg/L is 
reported to be lethal when exposed for more than a few 
hours (Okorafor et al., 2013). Woke and Wokoma (2006) 
ascribed similar situations to the higher inorganic waste 
load experienced in rainy months. The variation in 
dissolved Oxygen concentration across the months was 
not significantly different at p>0.05 (Figure 2b). Dissolved 
Oxygen is vital for the survival of living organisms, and its 
availability in a water body can lead to a direct diffusion 
from air or production by autotrophs through 
photosynthesis (Tenagne, 2009). Oxygen depletion often 
results during times of high community respiration. Hence, 
DO has been extensively used to delineate water quality 
and evaluate the degree of freshness of a river (Singh et 
al., 2010). The salinity results of 0.65 0/00 -1.02 0/00 can 
be ascribed to the influx of fresh water. The mean salinity 
recorded in this study is below that of Komi and Sikoki 
(2013), who reported higher values at the Andoni River. 
The salinity results indicate that Eagle Island River could 
be fresh or brackish. 

The conductivity values of 1254 -17440.00 µs/cm 
indicate solutes of dissolved solids. The electrical 
conductivity of a water body indicates the level of ionic 
concentration, which, therefore, indicates the freshness of 
the water (Peretiemo-Clarke et al., 2009). The average 
concentration of Electrical conductivity in this study far 
exceeded the 53.3 to 64.9 µs/cm reported by Davies et al. 
(2018) at the Orashi River. This signified that the river is 
brackish. Egborge (1994) stated that the general trend of 
conductivity value below 1000 µs/cm indicates freshwater; 
above 1000 µs/cm is brackish water, while above 40,000 
µs/cm is marine water. Variations in values between 
stations and months could be attributed to environmental 
factors such as rainfall and runoff. Previous studies by 
Akankali et al. (2022) have reported 45.53±14.3 µS/cm in 
Eagle Island, which is lower than the current study.  

The results of Total Dissolved solids, which ranged from 
627 to 10375 mg/l with a mean range of 6766.32 ± 417.99 
mg/l to 7688.26 ± 964.862 mg/l, were above the WHO 
permissible limit for drinking water. This, however, differs 
from the report of Akankali et al. (2022), who reported 
32.5±4.2mg/L along Eagle Island. The concentrations of 
TDS were almost similar in the stations and across the 
months. However, there was no significant difference in 
their concentrations (p>0.05). This could be a result of tidal 
flows, which spread all activities to all the sampling areas. 

The average concentration of Nitrate  in this study, which  
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ranges between 1.16 ± 0.11 mg/l to 1.86 ± 0.23 mg/l in 
surface water and 3.61 ± 0.76 mg/kg to 4.37 ± 0.51 mg/kg 
in sediment below the limits of set by WHO which is 50 
mg/L. This, however, is lower than the range of (6.6 - 9.68 
mg/L) reported by Wizor and Nwankwo (2019) from Woji 
Creek in Rivers State. However, similar values of 0.3-5.23 
mg/L and 1.1–7.32 mg/L from surface water samples were 
reported by Akankali et al. (2022) along Eagle Island. The 
low variation recorded for nitrate concentration in this 
study may be due to differences in hydrogeological 
regimes (Akankali et al., 2022). Generally, lifetime 
exposure to nitrite and Nitrate at levels above the 
maximum acceptable concentration could cause such 
problems as diuresis, increased starch deposits, and 
hemorrhaging of the spleen in aquatic organisms 
(Reimann et al., 2003). 

Phosphate values ranged from 0.08 ± 0.10 mg/L to 1.51 
± 0.21 mg/L in surface water and 2.28 ± 0.48 mg/kg to 2.54 
± 0.36 mg/kg in sediment. The values of phosphate 
observed in this study are within the WHO permissible limit 
of 0.1 mg/l. This study's phosphate concentration can be 
attributed to seepage from run-offs or discharges from the 
nearby abattoir waste.   The principal adverse impact of 
the high levels of this phosphate on water quality is that it 
leads to eutrophication, which is more common in lakes 
and sometimes rivers (Abolude et al., 2009). 

The heavy metal concentration in both surface water and 
sediment fluctuates and is higher in the sediments than in 
surface waters, especially of Fe. The average metal 
concentration in the surface water and sediment 
decreased in the order of Fe>Ni>Pb>Cr>Ni>Cd. The mean 
concentration of Cadmium in surface water was 0.010 ± 
0.00 mg/l. This was low compared to the sediment (0.50 ± 
0.11 to 0.65 ± 0.07 mg/kg). The concentrations of 
Cadmium (Cd) were slightly higher than the 0.5 mg/kg 
permissible limit of the WHO (2011), as shown in Table 3. 
Heavy metal concentration in surface water compared to 
sediment showed higher concentration in the sediments 
than in surface water (Tables 2 and 3). Analysis of the 
variance of seasonal fluctuation of heavy metals in surface 
water showed no significant difference (p > 0.05) for all 
metals except Cadmium. 

Lead concentrations across the stations exceeded the 
WHO permissible limit of 0.01 mg/l in surface water and 
0.1 mg/kg in sediment. The concentration of lead in this 
study is an indication of pollution from anthropogenic 
sources in the environment. The results recorded were 
lower than 13.53 to 14.13 mg/kg, as previously recorded 
by Babatunde et al. (2014) in the New Calabar River. The 
mean concentration of Chromium in surface water was 
higher than the WHO permissible limit. However, the 
concentrations in sediments were lower than the WHO 
permissible limit of 100 mg/kg. Chromium is carcinogenic, 
resulting in cancer of respiratory organs in workers 
exposed to Chromium (Iwegbue et al., 2007). Iron exists 
naturally in rocks in the  form  of  haematite,  magnetite, or  

 
 
 
 
taconite and in soil as minerals (Popoola et al., 2019). 
Ironic concentration in surface water was lower than the 
WHO recommended limit of 10 mg/l. In the sediment, the 
concentration of iron exceeded the WHO recommended 
limit. This observation could indicate the major impacts of 
anthropogenic activities around the study sites. Small 
levels of Fe have been connected with anaemia in 
humans. Nickel results were lower than the WHO 
permissible limit for heavy metals in surface water and 
sediments. The results obtained in this study are slightly 
higher than 0.001 – 0.129 ± 0.006 mg/l of Moslen and 
Aigberua (2018) in Azuabie Creek, Bonny Island. Nickel is 
commonly considered immunotoxic, genotoxic, and 
carcinogenic to living organisms (Kasprazak et al., 2003). 
The accumulation of Nickel (Ni) in different organs may 
result in disturbed tissue metal content ratio, modifications 
of the organism’s metabolism (Funakoshi et al., 1996), and 
lipid peroxidation. 

 
 
Conclusion  
 
Anthropogenic activities such as sand mining, waste 
disposal, abattoir activities, and building along the wetland 
have continuously led to the gradual denigration of 
environmental quality. The physicochemical parameters 
are within the limit while the nitrate level is below the WHO 
limit, In contrast, the lead concentration is higher than the 
WHO limit, which is an indication of pollution. Similarly, the 
heavy metal concentration in sediment was higher than in 
surface water. An increase in chemical concentration in 
minute form can have far-reaching consequences on the 
health of the public through the consumption of seafood. 
Although the heavy metal concentrations were below 
WHO standards, constant monitoring is necessary to 
detect an increase in deleterious levels 

 
 
Recommendation 

 
This study recommends that.  

 
1. Human activities that degrade the wetland 

environment should be reduced, and activities that 
encourage wetland conservation and preservation 
should be encouraged.  

2. The future benefit of wetland management should be 
the goal and sole reason for its conservation. 

3. Mangrove seedlings should be introduced to turn it 
back to a forest reserve 

4. A fence should be constructed to limit encroachment 
by humans. 

5. People should be prevented from using water for 
domestic and swimming purposes due to the imminent 
health implications. 



 
 
 
 
 
CONFLICT OF INTEREST  
 
The authors declare they have no conflict of interest. 
 
 
ACKNOWLEDGEMENT  
 
We wish to thank our undergraduate and graduate 
students for their assistance in sample collection. 
 
 
REFERENCES  
 
Abolude, D. S., Bubu-Davies, A. O., & Chia, M. (2009). 

Distribution and concentration of trace elements in Kubanni 
Reserviour in Northern Nigeria. Research Journal of 
Environmental and Earth Sciences, 1(2), 39-44. 

Agency for Toxic Substances and Disease Registry (ATSDR) 
(1999). Lead: Toxicological profiles. Centers for Disease 
Control and Prevention, Atlanta, GA, USA.  

Akankali, J. A., Davies, I. C., & Blessing, D. I. (2022). 
Assessment of Sawmill and other Associated Wastes on the 
Water Quality of Ilo-abuchi Creek, Rivers State, Niger 
Delta. Asian Journal of Fisheries and Aquatic Research, 17(4), 
1-13. 

Alhashemi, A. H., Sekhavatjou, M. S., Kiabi, B. H., & Karbassi, 
A. R. (2012). Bioaccumulation of trace elements in water, 
sediment, and six fish species from a freshwater wetland, 
Iran. Microchemical Journal, 104, 1-6. 

APHA (1998). Standard method for the examination of water and 
waste water (20th edition) Washington D.C. 

Azimi, S., Moghaddam, M. A., & Monfared, S. H. (2019). 
Prediction of annual drinking water quality reduction based on 
Groundwater Resource Index using the artificial neural 
network and fuzzy clustering. Journal of Contaminant 
Hydrology, 220, 6-17. 

Babatunde, M. M., James, O. O., Ifeanyi, N. O., & Olanrewaju, 
M. K. (2014). Work Motivation and Emotional Intelligence as 
Correlates of Secondary School Teachers’’Productivity in 
South Western Nigeria. Multilingual Academic Journal of 
Education and Social Sciences, 2(1), 42-56. 

Bai, J., Cui, B., Cao, H., Li, A., & Zhang, B. (2013). Wetland 
degradation and ecological restoration. The Scientific World 
Journal, 2013, Article ID 523632, 2 pages. 

Butler, A. C., Chapman, J. E., Forman, E. M., & Beck, A. T. 
(2006). The empirical status of cognitive-behavioral therapy: A 
review of meta-analyses. Clinical Psychology Review, 26(1), 
17-31. 

Crabbe, M. J. C., Barker, G. R., Wong, L., & Zhou, J. (2024). The 
fragility of the ocean: From coral reef protection to deep-sea 
mining. In Sustainable development across Pacific Islands: 
Lessons, challenges, and ways forward (pp. 187-212). 
Singapore: Springer Nature Singapore. 

Egborge, A. B. M. (1994). Water pollution in Nigeria: Bio-diversity 
and chemistry of Warri River. Ben Miller Publication, Warri. 

Emoyoma, U. O., Numbere, A. O., & Woke, G. N. (2019). Impact 
of Nypa palm (Nypa fruticans) and mangroves forests on 
plankton community along Andoni River, Nigeria. International 
Journal of Marine Science, 9(4), 36-44. 

EPA (2005). Guidelines for carcinogen risk assessment, 
EPA/630/P-03/001F, March 2005. 

Fombo et al.        133 
 
 
 
Farkas, A., Salanki, J., & Specziar, A. (2002). Relation between 

growth and the heavy metal concentration in organs of bream 
Abramis brama L. populating Lake Balaton. Archives of 
Environmental Contamination and Toxicology, 43, 236-243. 

Funakoshi, T., Takeda, S., & Hirokawa, N. (1996). Active 
transport of photoactivated tubulin molecules in growing axons 
revealed by a new electron microscopic analysis. The Journal 
of Cell Biology, 133(6), 1347-1353. 

Gao, X., & Chen, C. T. A. (2012). Heavy metal pollution status in 
surface sediments of the coastal Bohai Bay. Water 
Research, 46(6), 1901-1911. 

Herrera-Silveira, J. A., & Morales-Ojeda, S. M. (2009). Evaluation 
of the health status of a coastal ecosystem in southeast 
Mexico: Assessment of water quality, phytoplankton and 
submerged aquatic vegetation. Marine Pollution Bulletin, 59(1-
3), 72-86. 

Ijoma, G. N., Lopes, T., Mannie, T., & Mhlongo, T. N. (2024). 
Exploring macrophytes’ microbial populations dynamics to 
enhance bioremediation in constructed wetlands for industrial 
pollutants removal in sustainable wastewater 
treatment. Symbiosis, 92(3), 323-354. 

Iwegbue, C. M. A., Emuh, F. N., Isirimah, N. O., & Egun, A. C. 
(2007). Fractionation, characterization and speciation of heavy 
metals in composts and compost-amended soils. African 
Journal of Biotechnology, 6(2), 067-078. 

Komi, G. W., & Sikoki, F. D. (2013). Physico-chemical 
characteristics of the Andoni River and its potentials for 
production of the Giant Tiger Prawn (Penaeus monodon) in 
Nigeria. Journal of Natural Sciences Research, 3(12), 83-90. 

Kundu, S., Kundu, B., Rana, N. K., & Mahato, S. (2024). Wetland 
degradation and its impacts on livelihoods and sustainable 
development goals: An overview. Sustainable Production and 
Consumption, 48, 419-434 

Logan, M. (2010). Bio-statistical design and analysis using R: A 
practical guide. Hoboken, NJ: Wiley-Blackwell. 

Machado da Silva, A., T., Francisco da Silva, M., Iannacone, J., 
& Viana, D. C. (2024). Levels of potentially toxic and essential 
elements in Tocantins River sediment: Health risks at Brazil’s 
Savanna-Amazon interface. Scientific Reports, 14(1), 18037. 

Moslen, M., & Aigberua, A. (2018). Heavy metals and 
hydrocarbon contamination of surface water in Azuabie Creek 
within Bonny Estuary, Nigeria. Journal of Applied Sciences 
and Environmental Management, 22(7), 1083-1088. 

Nduka, J. K., Orisakwe, O. E., & Ezenweke, L. O. (2008). Some 
physicochemical parameters of potable water supply in Warri, 
Niger Delta area of Nigeria. Scientific Research and 
Essay, 3(11), 547-551. 

Numbere, A. O. (2023). Impact of anthropogenic activities on 
mangrove forest health in urban areas of the Niger Delta: its 
susceptibility and sustainability. In Water, Land, and Forest 
Susceptibility and Sustainability (pp. 459-480). Academic 
Press. 

Numbere, A., Obanye, C. J., Ogenyi, B. C., & Maduike, E. M. 
(2024). Genetic diversity of mangrove and nypa palm species 
in the Niger Delta, Nigeria. Global Research in Environment 
and Sustainability, 2(4), 20-34. 

Nwaichi, E. O., Chuku, L. C., & Ighoavwogan, E. (2016). 
Polycyclic aromatic hydrocarbons and selected heavy metals 
in some oil polluted sites in Delta state Nigeria. Journal of 
Environmental Protection, 7(10), 1389-1410. 

Odiete, W. O. (1999). Environmental physiology of animals and 
pollution. Diversified Resources Limited, Lagos, Nigeria, p.32. 



 
134        Glo. J. Earth Environ. Sci. 
 
 
 
Okorafor, K. A., Effanga, E. O., Andem, A. B., George, U. U., & 

Amos, D. I. (2013). Spatial variation in physical and chemical 
parameters and macro-invertebrates in the intertidal regions of 
Calabar River, Nigeria. Greener Journal of Geology and Earth 
Sciences, 1(2), 63-67. 

Peretiemo-Clarke, B. O., Balogun, M. A., & Akpojiyovwi, O. 
(2009).  A study of physico-chemical characteristics of 
Ugborikoko/Okere stream as an index of pollution. African 
Journal of Biotechnology 8(22), 6272-6276,        

Popoola, L. T., Yusuff, A. S., & Aderibigbe, T. A. (2019). 
Assessment of natural groundwater physico-chemical 
properties in major industrial and residential locations of Lagos 
metropolis. Applied Water Science, 9(8), 1-10. 

Qiu, J., Shen, Z., Wei, G., Wang, G., Xie, H., & Lv, G. (2018). A 
systematic assessment of watershed-scale nonpoint source 
pollution during rainfall-runoff events in the Miyun Reservoir 
watershed. Environmental Science and Pollution 
Research, 25, 6514-6531. 

Rai, N., Sjöberg, V., Forsberg, G., Karlsson, S., Olsson, P. E., & 
Jass, J. (2019). Metal contaminated soil leachates from an art 
glass factory elicit stress response, alter fatty acid metabolism 
and reduce lifespan in Caenorhabditis elegans. Science of the 
Total Environment, 651, 2218-2227. 

Reimann, C., Bjorvatn,K., Frengstad, B., Melaku, Z.,Redda, T. 
H., & Siewers, U. (2003). Drinking water quality in the Ethiopian 
section of the East African Rift valley I data and health aspects. 
Science of the Total Environment, 311, 65-80. 

Rupp, A. A., Gushta, M., Mislevy, R. J., & Shaffer, D. W. (2010). 
Evidence-centered design of epistemic games: Measurement 
principles for complex learning environments. The Journal of 
Technology, Learning and Assessment, 8(4), 1-47 

Sibe, L., Osuji, L. C., & Hart, A. I. (2019). Physico-Chemical 
Alterations of Interstitial Water Quality by Artisanal Refining 
Operations at K-Dere Coastal Plain, South-Eastern Nigeria. 
International Journal of Scientific & Engineering Research, 
10(12).194-205 

Singh, M. R., Gupta, A., & Beeteswari, K. H. (2010). Physico-
chemical properties of water samples from Manipur river 
system, India. Journal of Applied Sciences and Environmental 
Management, 14(4), 85-89. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Tamunotonye, K., Miebaka, M., & Ikem K. E. E. (2021). Intertidal 

polychaetes as indicators of pollution resulting from 
anthropogenic activities along the Okpoka Creek, Upper 
Bonny Estuary, Nigeria. African Journal of Environment and 
Natural Science Research, 4(2), 71-82. 

Tenagne, A. W. (2009). The Impact of urban storm water runoff 
and domestic waste effluent on water quality of lake tana and 
local groundwater near the city of Bahir Dar, Ethiopia. M.Sc. 
thesis. Cornell University, New York, USA.  

USEPA (2004). Drinking water health advisory for manganese. 
US Environmental Protection Agency. Retrieved from 
https://www.epa.gov/sites/default/files/2014-
09/documents/support_cc1_magnese_dwreport_0.pdf. 

Van Ael, E., Covaci, A., Blust, R., & Bervoets, L. (2012). 
Persistent organic pollutants in the Scheldt estuary: 
environmental distribution and bioaccumulation. Environment 
international, 48, 17-27. 

WHO (2011). Climate Change and Human Health: Risk and 
Responses. World Health Organization. Retrieved from 
https://iris.who.int/bitstream/handle/10665/42742/924156248
X_eng.pdf. 

Wizor, C. H., & Nwankwoala, H. O. (2019). Effects of municipal 
abattoir waste on water quality of Woji River in Trans-Amadi 
Industrial Area of Port Harcourt, Nigeria: Implication for 
sustainable urban environmental management. International 
Journal of Geography and Geology, 3(2),44-57.  

Woke, G. N., & Wokoma, I. P. (2006. Benthic macroinvertebrates 
of Nta-Wogba Stream, Port Harcourt. Global Journal of Pure 
and Applied Science, 12(4), 439-442. 


