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1. Introduction 

 

ABSTRACT: 

This study was carried out to determine the amounts of 

heavy metals in Silver Catfish and water samples collected 

from the Ogbogoro section of the new Calabar River in 

Nigeria. Measure key water quality parameters, such as pH, 

temperature, salinity, conductivity, total suspended solids, 

and Total dissolved solids. Dissolved oxygen levels were 

assessed using the Winkler method, turbidity was 

determined using a Secchi disc. Metals in fish tissue were 

analysed using a spectrophotometer, including copper, zinc, 

cadmium, chromium, nickel, lead, iron, and cobalt. These 

findings suggest that fish have increased levels of Pb, Cd, 

and Cr, posing possible ecological and human health 

hazards. Water quality measures such as pH, dissolved 

oxygen, and conductivity were also found to vary. To 

address these findings, it is recommended to establish 

regular monitoring programs, enforce strict environmental 

regulations, and implement mitigation measures to reduce 

heavy-metal inputs. This research contributes to the 

understanding of heavy metal contamination in Southern 

Nigeria and provides recommendations for policymakers, 

resource managers, and local communities to protect and 

sustainably regulate river ecosystems. Continuous 

monitoring and study are required to understand the long- 

term trends and possible effects of heavy-metal pollution 

caused by heavy metals. 

 

Keywords: Heavy metals, Silver Catfish, Ogbogoro axis, 

Water quality 
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The Niger Delta area of Nigeria is well known for its abundant natural resource deposits, notably 

oil and gas (Oluniyi, 2017). However, the exploration and extraction of these resources have had 
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devastating consequences for the environment, notably in terms of water pollution. The aquatic 

ecosystem in the region faces considerable peril due to oil spills, gas flaring, and inadequate 

waste disposal methods, posing substantial risks to both water quality and various life forms 

(Reid et al., 2019). The disposal of both household and industrial waste into rivers and other  

waterways has disturbed intricate nutrient equilibrium, leading to a decline in aquatic species 

(Bashir et al., 2020). Pollution affecting the Niger Delta region has had severe consequences for 

the well-being and sustenance of the local community, which depends heavily on fishing and 

agriculture (WHO, 2011). Polluted water sources have contributed to an increase in waterborne 

illnesses and other health concerns. 

Water pollution originates from diverse sources, with contaminants such as insecticides, 

pesticides, and oil spills identified as primary contributors. Among these pollutants, heavy metals 

have gained considerable attention because of their inherent toxicity even at low concentrations 

(Hojjati-Najafabadiet al., 2022). The environment can be exposed to heavy metals through 

various pathways, including metal corrosion, atmospheric deposition, erosion of metal ions in the 

soil, leaching of heavy metals, and evaporation of metals from water sources into the soil and 

groundwater. The gradual build-up of heavy metals in aquatic environments raises significant 

concerns, as it can result in the bioaccumulation of these contaminants (Ali and Khan, 2018; 

Davies et al., 2022). Bioaccumulation is a phenomenon in which the concentration of a pollutant 

gradually increases within a living organism over time, leading to higher levels of pollutants in 

the food chain (Odekinaet al., 2021). 

The accumulation of heavy metals in fish and other aquatic organisms poses health and general 

health risks (Ali et al., 2019). This is especially worrisome as heavy metals can enter the human 

food chain when people consume contaminated fish, thereby posing a substantial threat to public 

health (Ali and Khan, 2018; Sononeet al., 2020). Fish tend to accumulate significant quantities of 

heavy metals in their tissues and membranes because of the ingestion of contaminated materials 

and their capacity to absorb these metals (Ezemonyeet al., 2019). 

Consumption of contaminated fish has been linked to a variety of acute and chronic health 

effects in humans (Sharma and Singhvi, 2017). Cd, Pb, Cr, Cu, and Zn are particularly hazardous 

to the health of both fish and humans when present in high amounts (Chan et al., 2021). Silver 

catfish (Chrysichthysnigrodigitatus) is a popular fish in Nigeria and a good source of protein 

(Aigberuaet al., 2021). However, concerns have been raised regarding the contamination of this 

fish species with heavy metals and its potential adverse effects on human health (Ali and Khan, 

2018). Fish can absorb heavy metals through various pathways, including the gill surface and the 

gut wall (Rajeshkumar and Li, 2018). Therefore, it is critical to implement preventative measures 

to reduce heavy metal contamination and the danger of bioaccumulation in aquatic 

environments. 

Metallic substances can affect enzymes and metabolic processes, resulting in stunted 

development, reproductive difficulties, and reduced immunological functions (Mishra et al., 

2019; Rehmanetal., 2021). They also cause oxidative stress, which causes cellular and tissue 

damage and can lead to chronic health issues such as cancer and organ damage (Kruk et al., 

2019). Furthermore, heavy metals can accumulate in fish tissues and pose health risks to humans 

when ingested (Vu et al., 2017). This is especially concerning in communities in which fishing is 

a major source of food and money. To protect the environment and human health, it is critical to 

monitor and control heavy metal pollution in aquatic ecosystems. However, consumption of 

contaminated fish can cause various health issues, highlighting the importance of prevention. 



Davies Ibienebo Chris/Afr.J.Bio.Sc.6(Si3)(2024) Page 3350 to 10 
 

 

Heavy metal contamination poses a significant environmental threat to aquatic ecosystems and 

fish species, including silver catfishes. The uptake of heavy metals by fish can negatively affect  

their health and development, leading to ecological consequences. The consumption of fish 

contaminated by humans can also result in adverse health effects (Zhonget al., 2016). Measures 

such as reducing industrial discharge, improving wastewater treatment, and promoting 

sustainable fishing practices are crucial to prevent contamination. Regular monitoring of heavy 

metal levels in fish is essential to mitigate bioaccumulation risks and ensure fish safety. 

2. Materials And Method 

Description of Study Area 

This research was conducted on the Ogbogoro River, a tributary of the Upper New Calabar River 

in the Niger Delta region. The study area includes three sampling stations with specific 

coordinates (Station 1 is situated at 04º52'43.4″ N and 006º35'36.1″ E, Station 2 is located a t 

04º53'05.4″ N and 006º53'35.4'' E, and Station 3 is positioned at 04º54'20.4″ N and 007º53'54.4″ 

E). The meander of the river is long and wide, with a shallow outer concave bank and sandy 

point bars. The depth and width varied slightly along its course, with a minimum width of 200 m 

and a maximum of 250 m. The river experiences a tidal influence during the dry season, with 

rapid water flow during the flood period (February to July 2020). However, during the peak of 

the dry season, the flow was slightly reversed owing to the rising tides. At full tide, flow became 

almost stagnant. The dominant vegetation along the Ogbogoro axis is mangrove forest, which 

includes species such as R. harrisonii (red mangrove), Avicennia sp., Rhizophora sp., R. mangle, 

and Rhizophoraracemosa. However, a significant portion of this mangrove vegetation has been 

lost because of industrialization and urbanization activities in the area. 

 

Sampling Procedure 

Figure 1 shows the locations of the sampling stations. Three stations were carefully chosen, each 

spaced at least 1000 metres down the river. Three specialized sample sites were established to 

capture the various characteristics and activities in the creek research area: Stations 1, 2, and 3.  

Water and biota samples were collected for analysis. To collect geographic coordinates, 

including longitudes and latitudes, for the sample region, all sites were carefully georeferenced 

using a portable global positioning system (GPS) receiver unit, namely the Magellan GPS 315. 

Sampling was performed on a monthly basis during the first week of each sample month. 
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Figure 1: Map Showing the Sampling Stations 

 

Fish sample collection (Chrysichthysnigrodigitatus) 

Specimens of silver Catfish (C. nigrodigitatus) were captured using a cast net. The fish samples 

exhibited an average length of 10.6 ± 3.25 cm and a weight of 15.52 ± 0.03 g. Sampling 

activities were carried out monthly, spanning from February to July 2020, at three designated 

stations. The collected samples were carefully preserved with an ice pack before transportation to  

the Center for Marine Pollution Monitoring and Seafood Safety Laboratory (CMPM & SSL), 

University of Port Harcourt, Rivers State, Nigeria. Subsequently, heavy metal concentration 

analysis was performed on the samples using the Atomic Absorption Spectrometer (AAS) 

method, following the standards recommended by APHA (1999). 

 

Water Samples 

Surface water samples were collected from three designated sites using pristine 40 mL 

polyethylene screw-capped containers that had been meticulously cleaned, appropriately 

labelled, and rendered sterile. Before being dispatched to the laboratory, the collected water 

samples were acidified with 10 mL of a 1:1 mixture of nitric acid and deionized water. 

 

Determination of Heavy Metals 

Heavy metals, including copper (Cu), zinc (Zn), cadmium (Cd), chromium (Cr), nickel (Ni), lead 

(Pb), iron (Fe), cobalt (Co), and manganese (Mn), were determined at standard wavelengths 

using the Atomic Absorption Spectrophotometer (AAS) method following the guidelines 

established by APHA (1999). The sample digestion process involved the use of concentrated 

Analar nitric acid, as described by Zhang (2007). Heavy metal concentrations were determined 

using an Atomic Absorption Spectrophotometer (Model PYE UNICAM SP9; Philips PyeUnicam 

Ltd., York Str., Cambridge CBl 2PX, England) equipped with an acetylene-air flame. This 

method adheres to established protocols, ensuring the accuracy and reliability of the heavy metal 

analysis. 
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Physico-Chemical Parameters Analysis 

Surface water samples were acquired using Schott glass bottles. Subsequently, an in-situ 

Handheld Multimeter, comprising the Milwaukee Model pH600 and Laboratory Benchtop meter 

860033-model, was employed to measure key water quality parameters, such as pH, temperature, 

salinity, conductivity, total suspended solids (TSS), and total dissolved solids (TDS). Dissolved 

oxygen (DO) levels were assessed using the Winkler method. Turbidity was determined using a 

20 cm diameter Secchi disc. The total water hardness was assessed following the recommended 

procedure APHA 2340C, while the total alkalinity was determined according to the American 

Society for Testing and Materials (ASTM D 1067 B). 

 

Quality Assurance and Control 

The experimental setup involved the utilization of atomic absorption standards for several heavy 

metals, all of which were buck-certified, to establish a calibration curve. To ensure the reliability 

of the measurements, a reagent blank was used after every ten samples to mitigate equipment 

drift. Recovery rates ranged from 82% to 110%. The assessment of metal levels in the water,  

sediment, and biota samples was conducted using atomic absorption spectrophotometry, 

employing the Model 210 VGP by Buck Scientific. The method employed, as well as the 

wavelength (nm), was aligned with the procedures outlined by Chris et al. (2023). All samples 

were subjected to duplicate analyses, and the reported values represent the mean of these 

measurements. This rigorous approach to quality assurance and control enhanced the accuracy 

and credibility of the obtained results. Analytical-grade reagents were used for all experiments. 

 

Statistical Analysis 

Data analysis was performed using the Statistical Package for Social Sciences (SPSS) version 23.  

Summary statistics such as means and standard deviations were calculated. Subsequently, one- 

way analysis of variance (ANOVA) was employed to identify statistically significant differences 

(P < 0.05) among the groups. To identify statistically distinct means, Duncan’s multiple range 

test was applied. 

 

3. Result 

 

The mean values of physicochemical parameters recorded at three locations along the Ogbogoro 

stretch of the New Calabar River in Rivers State are shown in Table 1. The mean water 

temperature ranged from 26.96 to 27.16oC, and the mean pH values ranging from 6.5 to 6.8 °C.  

There were no significant variations in temperature, pH, or total suspended solids (TSS) across 

the three locations (P>0.05), with mean TSS values ranging from 25.6 29.5. The conductivity 

values ranged from 36.0 to 55.83, with significant variations reported across the three locations 

(P0.05). TDS (total dissolved solids) were greatest at station 2 (4610.16265.56) and lowest at 

station 3 (52.333.90). TDS levels differed significantly across the three locations (P0.05). The 

salinity varied from 19.35 to 23.15. 

Station 2 had the highest hardness (201.6712.43), whereas station 1 had the lowest (107.04.16). 

There were significant variations among the three stations (P0.05). The concentration of 

dissolved oxygen (DO) was highest at station 1 (4.360.58) and lowest at station 2 (3.950.11). 

However, no significant differences were found among the three stations (P>0.05). Station 2 had 

the highest turbidity value (2.880.21), while station 1 had the lowest (2.730.31). The mean total 
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alkalinity levels varied from (1072.03) at station 1, to (172.8312.05) at station 2, with significant 

variations (P0.05) observed across the three locations. 

 

Table 1: Spatial variation in the Physico-chemical features of the surface water 

Parameters Site 1 Site 2 Site 3 WHO (2011) 

Temp (ᵒC) 27.2±0.24a 26.9±0.34a 27.0±0.12a 30 

pH 6.9±0.12a 6.5±0.13a 6.8±0.1a 6.5-8.5 

TSS (mg/L) 26.5±5.42b 29.6±3.58a 25.0±3.72b 30 

EC (µS/cm) 36.0±1.10 c 55.8±5.51a 52.3±3.90 a 400 

TDS (mg/L) 2869.2±3.84b 4610.2±2.56a 2422.5±2.20 b 2000 

Salinity (mg/L) 19.4±1.35b 22.3±2.18a 23.2±2.52a 600 

TH (mg/L) 107.0±4.16c 201.7±12.43a 139.8±5.71b 300 

DO (mg/L) 4.4±0.58a 3.95±0.11a 4.1±0.35a 3-5 

Turbidity (NTU) 2.73±0.31a 2.88±0.21a 2.85±0.19a 5 

TA (mg/L) 107.5±2.03c 172.83b±12.05a 139.17±11.7b 200 

* The means of variables with different superscripts on the same row differ considerably. 

 

Table 2 shows the mean values of the physicochemical parameters measured in the Ogbogoro 

stretch of the New Calabar River in the river state from February to July 2020. The highest  mean 

water temperature was recorded in June (27.83±0.29), while the lowest was recorded in April  

(26.56±0.14). There were no significant changes across months (P>0.05). 

 

Table 2.: Temporal Variation in Physico-chemical Parameters 

Parameters Feb Mar Apr May June July 
WHO 

(2011) 

Temp (ᵒC) 
26.7± 
±0.4a 

26.8± 
±0.2a 

26.6± 
±0.1a 

27.2± 
±0.2a 

27.8± 
±0.2a 

27.1± 
±0.2a 

30 

pH 
6.6± 
±0.3b 

6.7± 
±0.2ab 

6.8± 
±0.1a 

6.9± 
±0.1a 

6.6± 
±0.1b 

6.7± 
±0.1ab 

6.5-8.5 

TSS (mg/L) 
14.2± 
±2.2d 

15.8± 
±1.8d 

25.2± 
±2.4c 

38.7± 
±2.0a 

35.0± 
±2.1b 

33.3± 
±1.2b 

30 

EC (µS/cm) 
37.7± 
±2.9c 

40.7± 
±5.3c 

56.0± 
±9.8a 

55.0± 
±8.0a 

49.7± 
±7.9a 

49.3± 
±7.6a 

400 

TDS (mg/L) 
3891.3± 

±0.5a 
3926.7± 

±0.6a 
3269.0± 

±0.6b 
3026.0± 

±0.6b 
2792.3± 

±0.3c 
2898.3± 

±0.2c 
2000 

Salinity 
(mg/L) 

17.4± 
±0.5a 

16.1± 
±0.4a 

17.9± 
±0.2a 

27.1± 
±1.9b 

25.5± 
±1.8b 

25.6± 
±2.1b 

600 

TH (mg/L) 
168.3± 
±33.2a 

169.0± 
±35.6a 

146.3± 
±31.3a 

148.7± 
±25.5a 

127.0± 
±17.3a 

137.7± 
±25.2a 

300 

DO (mg/L) 
5.4± 
±0.6a 

4.6± 
±0.5b 

4.1± 
±0.2bc 

3.80± 
±0.2bc 

3.4± 
±0.2dc 

3.4± 
±0.2dc 

3-5 
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Turbidity 
(NTU) 

3.4± 
±0.6a 

2.4± 
±0.1b 

2.4± 
±0.2b 

3.2± 
±0.1a 

2.8± 
±0.2ab 

2.8± 
±0.2ab 

5 

TA (mg/L) 
161.3± 
±27.2a 

160.7± 
±26.7a 

143.0± 
±27.7b 

135.7± 
±15.5b 

118.3± 
±7.9c 

120.0± 
±12.1c 

200 

* Means of variables with different superscripts on the same row differ considerably 
 

The highest pH value (6.90±0.15) was recorded in May, while the lowest (6.56±0.09) was 

recorded in June. There were no statistically significant changes across months (P>0.05). TSS 

(total suspended solids) reached its maximum point in May (38.66±2.02) and its lowest point in 

February (14.16±2.24). Significant variations were observed across months (P<0.05). 

Conductivity measurements varied from 37.66±2.90 in February to 56.09.81 in April, with no 

significant changes observed (P>0.05). Total dissolved solids (TDS) were highest in March 

(3926.66±785.61) and lowest in June (2792.33±565.33). There was no significant change 

between months (P>0.05). 

The maximum salinity was recorded in May (27.06±1.94) and the lowest in March (16.10±0.43), 

with a significant difference between the months (P0.05). The hardest month was March 

(169.0±35.64), while the softest month was June (127.0±17.34). There was no significant change 

between months (P>0.05). 

Dissolved oxygen (DO) was highest in February (5.43±0.61) and lowest in July (3.400.20), with 

significant fluctuations over the month (P<0.05). Turbidity was highest in February (3.36±0.6)  

and lowest in July (2.760.2), with no statistically significant difference (P>0.05). The highest  

alkalinity value was 161.33±27.16 in February, and the lowest was 118.3±37.97 in June. 

Significant variations were observed across months (P<0.05). 

Cadmium (Cd) levels ranged from 0.06±0.01 to 0.17±0.04, with a significant difference between 

the three sites (P<0.05). The mean values for chromium (Cr) were highest at station 2 

(1.53±0.15) and lowest at station 1 (0.50±0.24), with a significant difference between the three 

stations (P<0.05). Copper (Cu) had the greatest mean value (0.550.11) and the lowest 

(0.26±0.03) at station 2. There were no significant differences between stations (P>0.05). 

The mean levels of heavy metals recorded at three locations along the Ogbogoro stretch of the 

New Calabar River in Rivers State are shown in Table 3. The mean calcium (Ca) readings 

ranged from 3.52±0.24 to 5.91±0.29, with a significant difference (P<0.05) visible between the 

three locations. Zinc (Zn) mean values varied from 0.26±0.03 0.64±0.20, with no significant  

variation across stations (P>0.05). The mean lead (Pb) readings varied from 0.16±0.03 to 

0.30±0.06, with no significant differences between the three locations (P>0.05). 

For iron (Fe), station 2 had the greatest mean value (2.860.26) and station 1 had the lowest 

(1.22±0.09), with a significant difference (P<0.05) noted across the three stations. Station 2 had 

the highest mean value (0.3±0.04) for nickel (Ni), whereas station 1 had the lowest (0.16±0.02), 

with a significant difference between the three stations (P<0.05). Cobalt (Co) had the greatest  

value (0.42±0.06) at station 2 and the lowest (0.18±0.02) at station 1. 

 

Table 3: Spatial Variation in Heavy Metals in Silver Catfish (Chrysichthysnigrodigitatus) 

Metals Site 1 Site 2 Site 3 WHO (2011) 

Zn 0.26±0.03c 0.64±0.20a 0.32±0.04b 3.0 

Pb 0.16±0.03c 0.30±0.06a 0.20±0.03b 0.01 

Cd 0.06±0.01b 0.17±0.04a 0.07±0.01b 3.0 

Cr 0.50±0.24a 1.53±0.15b 1.03±0.24ab 0.05 
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Cu 0.26±0.03c 0.55±0.11a 0.42±0.09b 2 

Fe 1.22±0.09c 2.86±0.26a 1.65±0.2b 0.3 

Ni 0.16±0.02b 0.3±0.04c 0.21±0.03a 0.02 

Co 0.18±0.02c 0.42±0.06a 0.25±0.03b 0.005 

*Means of variables with different superscripts on the same row are significantly different. 
 

* World Health Organization (WHO, 2011). 

Table 4 provides a representation of the mean values of heavy metals recorded from February to 

July 2020 for the Ogbogoro segment of the New Calabar River in Rivers State. The highest mean 

value (5.3±0.60) of Cu was observed in April, whereas the lowest (3.84±0.54) occurred in June.  

No significant differences were noted among the three stations (P>0.05). 

 

Table 4.: The Temporal variation of The Heavy Metals in Chrysichthysnigrodigitatus 

 

Metals 

 

Feb 

 

Mar 

 

April 

 

May 

 

June 

 

July 

WHO 

(2011)/UNEP 

(2007) 

Zn 
0.73± 
±0.39a 

0.23± 
±0.03e 

0.30± 
±0.06d 

0.25± 
±0.0e 

0.40± 
±0.06c 

0.53± 
±0.18b 

3.0 

Pb 
0.20± 
±0.06a 

0.16± 
±0.03b 

0.4± 
±0.1c 

0.23± 
±0.03a 

0.13± 
±0.03b 

0.20± 
±0.0a 

0.01 

Cd 
0.05± 
±0.02c 

0.12± 
±0.04b 

0.05± 
±0.02c 

0.16± 
±0.06a 

0.16± 
±0.06a 

0.03± 
±0.0c 

3.0 

Cr 
0.66± 
±0.56c 

0.83± 
±0.39b 

1.76± 
±0.06a 

1.23± 
±0.37b 

0.8± 
±0.26b 

0.83± 
±0.37b 

0.05 

Cu 
0.63± 
±0.24a 

0.46± 
±0.17ab 

0.43± 
±0.03ab 

0.33± 
±0.09b 

0.26± 
±0.06c 

0.33± 
±0.03b 

2 

Fe 
2.0± 

±0.75b 
1.8± 
±0.4c 

2.36± 
±0.74a 

2.13± 
±0.35ab 

1.86± 
±0.35c 

1.3± 
±0.45c 

0.3 

Ni 
0.3± 

±0.06c 
0.23± 
±0.03a 

0.3± 
±0.06c 

0.23± 
±0.03a 

0.13± 
±0.03b 

0.16± 
±0.03b 

0.02 

Co 
0.4± 

±0.11c 
0.26± 
±0.06b 

0.36± 
±0.12a 

0.23± 
±0.03b 

0.2± 
±0.0c 

0.24± 
±0.08b 

0.005 

*The means of variables with distinct superscripts on the same row exhibits substantial 

differences. 

 

*The United Nations Environment Programme (UNEP, 2007) and the World Health 

Organisation (WHO, 2011) 

For Zn, the mean values (0.73±0.39) reached their peak in February, and the lowest value 

(0.23±0.03) was observed in March. No significant differences were found among the three 

stations (P>0.05). The mean values of Pb (0.4±0.1) were highest in April and lowest in June 

(0.13±0.03), with a significant difference among the three stations (P<0.05). 

Regarding Cd, the values (0.16±0.06) were highest in May and June, while the lowest value 

(0.03±0.03) was observed in July. No significant differences were observed between stations 

(P>0.05). The mean values of Cr (0.63±0.24) were highest in February and lowest (0.26±0.06) in 

June, with no significant difference across the stations (P>0.05). Cu had its highest mean value 
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(0.63±0.24) in February and the lowest (0.26±0.06) in June. No significant differences were 

observed between stations (P>0.05). 

The highest mean values (2.36±0.74) for Fe were recorded in April, with the lowest (1.3±0.45) in 

July. A significant difference was evident among the three stations (P<0.05). Ni had its highest 

value (0.3±0.06) in February and April, while the lowest (0.13±0.03) was observed in June. No 

significant differences were found between the stations (P>0.05). The highest value (0.4±0.11) 

for Co was recorded in February, and the lowest (0.2±0.0) was observed in June. No significant 

differences were noted between stations (P>0.05). 

 

4. Discussion 

 

Spatial Variation in Physico-chemical Parameters 

Table 1 presents the average values of different physical and chemical factors observed at three 

distinct stations within the Ogbogoro axis of the New Calabar River in Rivers State. These 

parameters are important indicators for assessing water quality and are used to evaluate their 

suitability for different purposes, such as drinking water or industrial use (Khan and Butt, 2022). 

The results showed that water temperatures were relatively consistent across the three stations 

during the sampling period, indicating no significant fluctuations in temperature within the 

research area. The average water temperature falls within the normal range for tropical rivers and 

does not suggest thermal pollution or stress to aquatic life (Omer, 2019). Nevertheless, the 

average pH values suggest mildly acidic conditions while adhering to the safe drinking water 

quality standards established by the World Health Organization (WHO, 2011) and the Bureau of 

Indian Standards (BIS) (Vermaet al., 2020). Acidic water can affect the nutrient availability for 

plants and potentially corrode metal pipelines (Das et al., 2013). Nevertheless, no significant 

changes in acidity were observed among the stations, as the pH values were similar. 

It is important to note that these physicochemical parameters provide valuable insights into 

overall water quality and can serve as indicators of potential environmental impacts. To 

comprehensively evaluate water quality and its potential impact on aquatic ecosystems, a more 

extensive examination and interpretation of supplementary parameters, including conductivity,  

total dissolved solids (TDS), total suspended solids (TSS), alkalinity, hardness, and others are 

necessary. By examining these characteristics, researchers and stakeholders can better 

understand the current condition of the Ogbogoro Axis of the New Calabar River and make 

informed management and conservation decisions. Regular monitoring and research initiatives 

are crucial for consistently assessing water quality and ensuring the sustainable use of this 

important water resource. 

TSS readings represent the volume of suspended matter in water and serve as a measure of 

turbidity. The mean TSS values obtained were relatively low, suggesting high water clarity and 

minimal turbidity. The similarity in the mean TSS values across the stations suggests little 

variation in the concentration of suspended solids within the research area. It is important to 

highlight that elevated TSS levels can hinder light transmission, reduce dissolved oxygen levels,  

and negatively impact aquatic life (Patel et al., 2022). 

However, notable disparities in conductivity and total dissolved solids (TDS) were observed 

among the three locations, suggesting varying levels of dissolved mineral and salt compounds 

present in water. High conductivity and TDS levels can affect water taste, hardness, and 

corrosiveness and may indicate the presence of  pollutants such as pesticides, fertilizers, or 

industrial effluents (Lemessaet al., 2023). The observed large fluctuations in TDS values among 
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the stations suggest changes in the concentration of dissolved solids, potentially influenced by 

factors such as sediment composition, industrial discharge, or natural mineral deposits. 

Conductivity readings also provide information about the dissolved ion concentrations and 

represent the electrical permeability of the water. The significant differences in conductivity 

values between the three sites indicate changes in mineral composition or salt levels within the 

research area. These results highlight the importance of continuous monitoring of TSS, 

conductivity, and TDS as metrics for assessing water quality. They provide valuable information 

on the presence of dissolved salts, minerals, and suspended particles, which can impact the 

general well-being of aquatic ecosystems and potential human uses of water resources. 

The average salinity readings varied among the three sites, suggesting the influence of 

evaporation or seawater intrusion on the river water. Salinity can affect the osmotic balance of 

aquatic organisms and limit their distribution (Balet al., 2022). Based on the measured salinity 

values, the research area exhibited a relatively low-to-moderate salinity range. The salinity levels 

at the stations were similar, indicating no regular freshwater or saltwater incursion. 

The elevated values found at station 2 can be attributed to the presence of calcium and 

magnesium ions in the water and the low values at station 1, as indicated by the mean hardness 

results. The significantly different hardness readings among the three stations suggest variations 

in the mineral content or the presence of dissolved ions, which can influence water quality and 

aquatic life (Kanungoet al., 2018). Hardness levels can also impact the soap lathering, scaling, 

and corrosion of pipes and appliances (Egbueri, 2022). Understanding changes in salinity and 

hardness is essential for evaluating water quality and the appropriateness of its use in several 

sectors, including agriculture, aquaculture, and potable-water provision. 

The average dissolved oxygen (DO) levels at the three sites indicated poor water quality and 

limited support for aquatic life. Dissolved oxygen (DO) levels are subject to several factors, 

including temperature, organic matter, photosynthesis, and respiration. The changes detected in 

dissolved oxygen (DO) values suggest that there are differences in oxygen levels among the 

different stations. These variations can substantially impact the respiratory and survival 

capabilities of aquatic organisms (Null et al., 2017). In addition, the average turbidity values 

were low across all three sites, indicating reduced light penetration and water visibility. Turbidity 

is influenced by factors such as total suspended solids (TSS), algal content, water color, and 

depth (Adharet al., 2021). 

The discrepancies in turbidity values suggest varying degrees of water purity at different stations, 

which can affect light penetration and impact the growth and productivity of aquatic plants. The 

ability of water to withstand pH fluctuations caused by acid inputs was demonstrated by the 

mean alkalinity values, which were higher at station 2 and lower at station 1. Alkalinity serves as 

a buffer against acidic contaminants, protecting aquatic life from pH variation (Lawson, 2011). 

The significantly different alkalinity values among the three stations suggest variations in 

buffering ability and carbonate and bicarbonate concentrations, which can influence the pH 

stability and dynamics in aquatic ecosystems. 

 

Temporal Variation in Physico-chemical Variables 

The mean values of different physical and chemical variables for the Ogbogoro axis of the new 

Calabar River in Rivers State for the period of February to July 2020 are provided in Table 2. 

The findings show that water temperature was highest in June and lowest in April, reflecting 

seasonal changes and external factors, such as weather conditions and solar radiation. These 

temperature variations can affect the metabolic rates, reproduction, and behavior of aquatic 
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organisms (Zhang et al., 2018). Furthermore, fluctuations in temperature can affect dissolved 

oxygen levels, biological activity, and chemical processes occurring in water (Espinosa-Díazet 

al., 2021). 

In the Ogbogoro segment of the New Calabar River, the pH values indicate a slightly acidic 

environment, ranging from 6.56 6.90. These pH levels have the potential to impact the survival  

and growth of aquatic organisms and can influence the availability of nutrients, metals, and 

contaminants in water (Davies and Ekperusi, 2021). The highest pH reading was recorded in 

May, while the lowest occurred in June; this variation may be attributed to natural factors or  

fluctuations in organic matter or pollutant inputs (Madhavet al., 2020). It is crucial to monitor the 

pH levels because of their capacity to negatively affect aquatic organisms and disrupt ecosystem 

processes when extreme values are present (Espinosa-Díazet al., 2021). 

TSS values provide an indication of the quantity of suspended particles present in the water, 

which can have implications for water clarity, turbidity, and the extent to which light can 

penetrate the water column (Tomperiet al., 2022). The TSS values were highest in May and 

lowest in February. The significant difference observed between the months indicated variations 

in the number of suspended particles in the water (Cox et al., 2019). Higher TSS levels in May 

may be associated with increased sediment runoff or the presence of algal blooms (Zhang et al., 

2018). TSS can affect water clarity, light penetration, and nutrient availability, thus impacting 

aquatic plants and animals (Sulistiawatiet al., 2020). Seasonal changes in rainfall, runoff, 

erosion, and sedimentation can contribute to these variations (Davies and Ekperusi, 2021). 

The conductivity values quantify the capacity of water to facilitate the flow of electric current, 

and their magnitude is contingent on the quantity and composition of dissolved ions (Rusydi,  

2018). April exhibited the highest recorded conductivity value, while February had the lowest 

recorded conductivity value. The relatively stable conductivity values across the months suggest 

a certain level of stability in mineral content or salinity levels (Davies et al., 2021b). The low 

conductivity values, ranging from 37.66 to 56.0 µS/cm, indicate low salinity and low mineral 

content in the Ogbogoro axis of the new Calabar River. However, higher conductivity may 

indicate the influence of dissolved salts or other ions in the water (Davies and Ekperusi, 2021). 

TDS measurements showed the highest values in March, reaching their lowest levels in June.  

This pattern may be attributed to variations in the concentration of dissolved solids, which are 

notably affected by runoff, agricultural activities, or industrial discharges (Sabhaet al., 2019). 

TDS levels can affect water quality, taste, and suitability for specific uses (Cox et al., 2019). The 

TDS values, ranging from 2792.33 to 3926.66 mg/L, indicate high salinity and high mineral 

content (Islam and Guha, 2013). However, the TDS values did not vary significantly across 

months, suggesting a stable dissolved solid composition. 

Salinity reflects the amount of salt in water and can affect osmoregulation, metabolism, and 

distribution of aquatic organisms (Ramagliaet al., 2018). May had the highest reported salinity 

value, while the lowest recorded value was observed in March. The monthly variations in salinity 

levels suggest temporal changes in saltwater intrusion or freshwater input. Salinity levels can 

affect the osmotic balance and distribution of aquatic organisms and their distribution (Balet al., 

2022). The salinity values, ranging from 16.10 to 27.06 ppt, indicating a brackish water body 

around the Ogbogoro River with a mixture of fresh and saltwater sources. 

Hardness measures the concentration of calcium and magnesium ions in water and can affect  

scaling, corrosion, and soap formation (Egbueri, 2022). March had the highest recorded hardness 

rating, while June displayed the lowest observed value. The absence of significant differences 

across the months suggests a relative stability in mineral content. The hardness values, ranging 
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from 127.0 to 169.0 mg/L as CaCO3, indicate a moderate level of hardness. Hardness levels do 

not vary significantly, indicating stable water quality in terms of hardness level. 

The measurement of dissolved oxygen (DO) values is crucial in assessing the quantity of oxygen 

present in water, playing a vital role in aerobic respiration and decomposition processes 

(Espinosa-Díazet al., 2021). 

 

Spatial Variation in Heavy Metals in Silver Catfish (Chrysichthysnigrodigitatus) 

The mean values of heavy metals at the three stations along the Ogbogoro axis of the new 

Calabar River, located in the river state, are reported in Table 3. The mean concentrations of  

calcium (Ca) exhibited notable variations among the three sites and were below the permissible 

thresholds for potable water as defined by the World Health Organization (WHO, 2011). 

Davies and Oghenetekevwe (2023) found no significant variation in average zinc levels across 

different stations, suggesting uniform levels of this heavy metal in the research region. The 

concentrations of zinc in water samples range from 0.26 to 0.64 mg/L, within the World Health 

Organisation's permissible limits for drinking water. This indicates a consistent Zn concentration 

in the water quality. However, excessive Zn levels can lead to toxicity and negatively impact the 

taste of water, as noted by Omer (2019). However, it is important to monitor Zn levels over time 

because higher concentrations can be detrimental to aquatic organisms and may indicate 

pollution from industrial or agricultural sources (Davies and Ekperusi, 2021). 

Lead is a hazardous metallic element known for its potential to cause neurological, circulatory,  

renal, and reproductive problems in aquatic organisms and humans (Collin et al., 2022). The 

mean Pb values showed no significant differences among the three stations. The recorded levels 

of Pb within the designated study region were comparatively low; however, they were above the 

permissible threshold for drinking water as defined by the World Health Organization (2011), 

which is 0.01 mg/L. Lead is a hazardous metallic element known to induce neurological and 

cardiovascular complications. However, Pb values did not vary significantly across the three 

stations, suggesting that the water quality was uniformly contaminated with Pb. 

The presence of Cd in water poses a significant health hazard to both aquatic organisms and 

human beings. This toxic metal has been linked to numerous adverse effects including kidney 

damage, bone loss, cancer, and various other health complications (Akotoet al., 2019). Cd levels 

span from 0.06 to 0.17 mg/L, exceeding the permissible limit for drinking water set by the World 

Health Organization in 2011, which is 0.003 mg/L. The variations in Cd levels among the three 

sites can be attributed to differences in industrial or agricultural activities and discharge of 

wastewater effluents (Davies et al., 2021a). These observations may suggest regional disparities 

in pollution prevalence or sources of this specific heavy metal (Davies et al., 2021b). 

Nonetheless, it is essential to acknowledge that elevated Cd concentrations can adversely affect  

aquatic life, serving as an indicator of pollution originating from industrial operations or 

improper waste disposal practices (Davies et al., 2021a). Odekinaet al. (2021) recommend 

regular monitoring as a necessary step to identify potential hazards and implement appropriate 

mitigation measures. 

Chromium is a nutrient necessary for humans when present in trace quantities; however, it can 

also lead to skin irritation, allergic reactions, lung damage, and cancer in both aquatic organisms 

and humans (Akankaliet al., 2019). The levels observed across the stations exceeded the 

permissible limits for drinking water set by the WHO in 2011, which are 0.05 mg/L for total  

chromium and 0.01 mg/L for hexavalent chromium, the most toxic form. Among the three 

stations, there was a significant disparity in the average Cr values, with Station 2 exhibiting the 
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highest mean values and Station 1 the lowest. The difference in Cr levels indicates variations in 

the sources or contamination of this heavy metal across the study area (Davies et al., 2021b) and 

could also be due to differences in mining, metallurgical activities, or natural sources (Šajnet al., 

2022). However, higher Cr concentrations can have detrimental effects on aquatic ecosystems 

and human health (Anyanwu and Chris, 2023). Therefore, monitoring and managing Cr levels 

are essential to prevent pollution and minimize potential risks. 

Copper is an essential nutrient for aquatic organisms and humans but can also cause 

gastrointestinal distress, liver damage, and kidney failure at high doses (Akankaliet al., 2019). 

The Cu values ranged between stations within the acceptable limit for drinking water according 

to the WHO (2011), which is 2 mg/L. The values varied significantly across the three stations,  

suggesting that the water quality was stable in terms of copper content. However, the highest  

mean value of Cu was recorded at station 2 and the lowest was observed at station 1, with no 

significant difference across the stations. The observed Cu levels were consistent across the 

study area. However, it is important to note that elevated concentrations can be toxic to aquatic 

organisms, indicate pollution from various sources, and continue monitoring to ensure that they 

remain within acceptable limits is essential (Bosch et al., 2016). Station 2 had the highest mean 

values, whereas Station 1 had the lowest, and there were significant differences between the 

three stations. This suggests spatial variation in the sources or inputs of this heavy metal (Davies 

et al., 2021a). 

Higher Iron (Fe) concentrations can impact water quality and have implications for aquatic life 

(Šajnet al., 2022). Therefore, monitoring Fe levels is crucial for assessing potential risks and 

ensuring appropriate management of water resources. Fe is an essential nutrient for aquatic 

organisms and humans but can also cause staining, turbidity, and taste problems in water 

(Madhavet al., 2020). The Fe values range between 1.22 and 2.86 mg/L, which are above the 

acceptable limit for drinking water according to the WHO (2011), which is 0.3 mg/L. The Fe 

values varied significantly across the three stations, which could be due to differences in soil 

erosion, corrosion, or natural sources. 

The average values of Ni quantify the concentration of nickel present in water, a hazardous metal 

known to induce dermatitis, respiratory ailments, and cancer in both aquatic creatures and people 

(BökeÖzkoç&Arıman, 2023). The maximum concentration of Ni was observed at Station 2,  

whereas the lowest concentration was reported at Station 1. Notably, there was a substantial 

disparity in the Ni levels across the three sites. The observed discrepancies in Ni levels across the 

three locations may be ascribed to disparities in industrial or municipal activity as well as natural 

sources. According to the World Health Organization (2011), the concentration of Ni in drinking 

water exceeds the permissible threshold of 0.02 mg/L. According to Santana et al. (2020), 

elevated Ni concentrations can be harmful to aquatic organisms, and may result from industrial  

activities or natural mineral deposits. Variations in Ni levels indicate spatial variations in the 

contamination or inputs of this heavy metal (Bing et al., 2019). Regular monitoring is essential to 

identify potential risks and implement appropriate mitigation measures. 

Station 2 recorded the highest Co levels, whereas station 1 had the lowest. The observed 

variations in Co levels suggest differences in the contamination or sources of this heavy metal  

(Amangelsinet al., 2023). Elevated Co concentrations can adversely affect aquatic ecosystems 

and indicate pollution from various sources (Santana et al., 2020). Regular assessment of Co 

levels is essential to safeguard water quality and the well-being of aquatic organisms. 
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The Temporal Variation of The Heavy Metals in Chrysichthysnigrodigitatus 

The average concentrations of heavy metals in the Ogbogoro portion of the New Calabar River 

in Rivers State from February to July 2020 are presented in Table 4. The observed concentrations 

exhibited both temporal and geographical fluctuations, indicating the influence of many sources 

and mechanisms on the dispersion and fate of pollutants in aquatic ecosystems. Overall, the 

levels of Cu, Zn, Pb, Cd, Cr, Ni, and Co in surface water were below the permissible thresholds 

set by the WHO (2011) and FEPA (1991) recommendations. However, it should be noted that 

the concentration of Fe was above the established limits at specific stations during particular  

months. Among the many heavy metals analyzed, only lead (Pb) displayed a discernible 

disparity across the three designated sites. Specifically, elevated concentrations of lead were 

observed at Station 1 compared to those at sites 2 and 3. This discrepancy suggests the 

possibility of a localized pollution source in close proximity to station 1. 

The average concentrations of Cu, Zn, Pb, Cd, Cr, Ni, and Co decreased from February to July 

2020, whereas that of  Fe exhibited an increasing trend. These trends could be ascribed to 

seasonal variations influenced by factors such as rainfall, runoff, sedimentation, biogeochemical 

cycles, and the biological uptake of these metals (Chen et al., 2021). The highest mean 

concentration was recorded in April, whereas the lowest was noted in June, with no substantial  

variance among the three stations for most of the heavy metals. The Cu levels remained 

relatively stable throughout the study period (Akankaliet al., 2018). However, it is important to 

monitor Cu levels over time to ensure that they remain within acceptable limits, as elevated 

concentrations can be toxic to aquatic organisms and can indicate pollution from various sources 

(Onyemesiliet al., 2022). 

The average concentrations of Zn were highest in February and lowest in March, with no 

statistically significant variation observed across the three sampling locations. The lack of 

significant differences in the Zn levels suggests relatively consistent concentrations of this heavy 

metal during the study period. However, continuous monitoring is necessary because higher  

concentrations can be detrimental to aquatic organisms and may indicate pollution from 

industrial or agricultural sources (Chris and Anyanwu, 2022). 

The average levels of Pb ranged between 0.4±0.1 (highest in April) and 0.13±0.03 (lowest in 

June), with a significant difference observed across the three stations. The significant difference 

in Pb levels indicated spatial variations in contamination or sources of this heavy metal. The 

elevated concentrations of Pb and the significant differences across the three stations suggest the 

presence of Pb contamination in Ogbogoro Creek, posing potential health risks to humans and 

ecological risks to the aquatic ecosystem (Onyemesiliet al., 2022). 

The Cd concentrations peaked in May and June and reached their lowest levels in July, with no 

notable differences detected among the stations. The consistent Cd levels within the study period 

are in line with WHO’s (2011) findings on heavy metals in marine fish meat and consumer 

health (Bosch et al., 2016). Nevertheless, it is essential to maintain regular monitoring because of 

the potential toxicity of increased Cd concentrations in aquatic life, which might serve as an 

indicator of pollution originating from diverse sources (Sahaet al., 2016). 

The average concentrations of chromium (Cr) varied between 0.63±0.24 (highest in February)  

and 0.26±0.06 (lowest in June), with no statistically significant variation found across the 

sampling sites. The absence of statistically significant variations in Cr levels suggests stable 

concentrations of this heavy metal during the investigation (Akankaliet al., 2019). However, 

higher concentrations of Cr can negatively affect human health and aquatic ecosystems, 

emphasizing the importance of tracking its levels over time (Mishra et al., 2019). 
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April had the highest average concentrations of Fe, while July displayed the lowest reported 

levels, with a significant difference observed between the three stations. The significant 

differences in Fe levels indicate spatial variations in the sources or inputs of this heavy metal  

(Liang et al., 2017). Higher concentrations of Fe can affect water quality and have implications 

for aquatic life. Monitoring Fe levels is crucial for assessing potential risks and ensuring 

appropriate management of water resources (Gaberet al., 2013). 

The highest concentrations of Ni were recorded in February and April, whereas the lowest value 

was observed in June, with no significant difference across the stations. The consistent Ni levels 

during the study period indicated relatively stable concentrations of this heavy metal (Song et al., 

2014). However, continued monitoring is necessary because higher concentrations of Ni can 

have adverse effects on aquatic ecosystems and indicate pollution from various sources (Yoon et 

al., 2020). 

Cobalt (Co) is crucial as a trace nutrient but can lead to adverse effects at elevated doses. The 

highest concentration of Co was recorded in February, whereas the lowest concentration was 

observed in June; no notable distinctions were evident among the stations. The significant 

variation in Co levels across the three stations can be attributed to differences in anthropogenic 

or natural sources (Zhang et al., 2018). Consistent Co levels during the study period indicate 

relatively stable concentrations. However, Co levels exceeded the acceptable limit for drinking 

water according to WHO (2011), emphasizing the need for continued monitoring to ensure that 

concentrations remain within acceptable limits (Sahaet al., 2016; Bosch et al., 2016). The 

observed disparities in heavy metal concentrations, in terms of both location and time, indicate 

potential pollution sources or natural factors affecting water quality (Gaberet al., 2013). 

 

5. Conclusion 

 

This study provides insights into the physicochemical parameters and heavy metal 

concentrations in the Ogbogoro section of the New Calabar River in Rivers State. Although 

water quality parameters vary across months and stations, most values remain within acceptable 

limits. However, specific parameters, such as pH, dissolved oxygen, and turbidity, raise concerns 

for aquatic life and human applications. Heavy metal concentrations generally fall below 

acceptable limits, except for iron (Fe), which can exceed these limits in certain cases. Pb 

contamination at Station 1 suggests a localized pollution source. Regular monitoring, mitigation 

measures, point source identification and control, public awareness initiatives, collaboration, and 

stakeholder involvement are recommended to protect the river from preservation and long-term 

use. 

 

Declaration 

All authors have read, understood, and have complied as applicable with the statement on 

"Ethical responsibilities of Authors". All authors certify that they have no affiliations with or 

involvement in any organization or entity with any financial interest or non-financial interest in 

the subject matter or materials discussed in this manuscript. 

 

Conflict of Interest 

The authors have no competing interests to declare that are relevant to the content of this article. 



Davies Ibienebo Chris/Afr.J.Bio.Sc.6(Si3)(2024) Page 3363 to 10 
 

 

Data Availability Statement 

The datasets generated during and/or analysed during the current study are available from the 

corresponding author upon reasonable request. 

 

Consent to participate 

Not applicable 

 

Author Contributions 

Conceptualization, Davies Ibienebo Chris, Okechukwu Kenneth Wokeh; methodology, Davies 

Ibienebo Chris; formal analysis, Okechukwu Kenneth Wokeh, FathurrahmanLananan, 

NooraBarzkar, Mohamad Nor Azra; investigation, Mohamad Nor Azra; data curation, Davies 

Ibienebo Chris, Mohamad Nor Azra, FathurrahmanLananan; writing—original draft preparation, 

Davies Ibienebo Chris, Okechukwu Kenneth Wokeh, Lee Seong Wei; writing—review and 

editing, Mohamad Nor Azra; visualization, NooraBarzkar, Olga Babich, StansilavSukhikh, 

Davies Ibienebo Chris, Okechukwu Kenneth Wokeh, Lee Seong Wei. All authors have read and 

agreed to the published version of the manuscript. 

Funding 

No funding was obtained for this study. 

 

6. Reference 

 

1. Adhar, S., Barus, T.A., Nababan, E.S. N., andWahyuningsih, H.,(2021, November). The 

waters Turbidity model of Lake LautTawar, Aceh, Indonesia. In IOP Conference Series: 

Earth and Environmental Science, 869(1), p.012021). 

2. Aigberua, A.O., Izah, S.C., and Richard, G. (2021). Hazard analysis of trace metals in 

muscle of Sarotherodonmelanotheron and Chrysichthysnigrodigitatus from Okulu River. 

Rivers State, Nigeria. Journal of Environmental Health and Sustainable Development. 

3. Akankali J.A., Davies I.C. and Kpaniku, N., (2019). Assessment of heavy metals 

concentrations in the upper reaches of Bonny River, Niger Delta, Nigeria. African Journal 

of Agriculture Technology and Environment, 8(1), pp. 62-73. 

4. Akankali, J.A, Davies, I.C. And Tambari-Tebere A., (2022). Pollution Impacts on Abattoir  

And Associated Activities Wastes on The Water Quality of Eagle Island Creek, Niger  

Delta, Nigeria.International Journal of Contemporary Applied Researches, 9(2), pp. 63-85. 

5. Akankali, J.A., Davies I.C. and Nwafili, S.A., (2018). Heavy Metal Concentrations in Grey 

Mullets (Mugilcephalus) and New Calabar River, Iwofe, Niger Delta of Nigeria. Nigerian 

Journal of Fisheries and Aquaculture,6(2), pp 43-50. 

6. Akoto, O., Gyimah, E., Zhan, Z., Xu, H., andNimako, C., (2019). Evaluation of health risks 

associated with trace metal exposure in water from the Barekese reservoir in Kumasi,  

Ghana. Human and Ecological Risk Assessment: An International Journal. 

7. Ali, H., and Khan, E., (2018). Bioaccumulation of non-essential hazardous heavy metals 

and metalloids in freshwater fish. Risk to human health. Environmental chemistry 

letters, 16(3), pp. 903-917. 

8. Ali, H., Khan, E., andIlahi, I., (2019). Environmental chemistry and ecotoxicology of 

hazardous heavy metals: environmental persistence, toxicity, and bioaccumulation. Journal 

of chemistry, 2019. 



Davies Ibienebo Chris/Afr.J.Bio.Sc.6(Si3)(2024) Page 3364 to 10 
 

 

9. Amangelsin, Y., Semenova, Y., Dadar, M., Aljofan, M., andBjørklund, G., (2023). The 

impact of tetracycline   pollution   on   the   aquatic   environment   and   removal 

strategies. Antibiotics, 12(3), p. 440. 

10. Anyanwu, B.O., and Chris, D.I. (2023). Human health hazard implications of heavy metals 

concentration in swimming crab (Callinectesamnicola) from polluted creeks in Rivers 

State, Nigeria. Case Studies in Chemical and Environmental Engineering, 7,p. 100325. 

11. APHA, (1999). Standard methods for the analysis of water and wastewater, 20th edn. 

American Public Health Association, Washington, DC. 

12. Bal, A., Panda, F., Pati, S.G., Anwar, T.N., Das, K., andPaital, B., (2022). Influence of 

anthropogenic activities on redox regulation and oxidative stress responses in different 

phyla of animals in coastal water via changing in salinity. Water, 14(24), p. 4026. 

13. Barzkar, N., (2020). Marine microbial alkaline protease: An efficient and essential tool for  

various   industrial    applications. International    Journal    of    Biological 

Macromolecules, 161,pp. 1216-1229. 

14. Bashir, I., Lone, F. A., Bhat, R.A., Mir, S.A., Dar, Z.A., and Dar, S.A., (2020). Concerns 

and threats of contamination on aquatic ecosystems. Bioremediation and biotechnology: 

sustainable approaches to pollution degradation,pp. 1-26. 

15. Bing, H., Wu, Y., Zhou, J., Sun, H., Wang, X., and Zhu, H., (2019). Spatial variation of 

heavy metal contamination in the riparian sediments after two-year flow regulation in the 

Three Gorges Reservoir, China. Science of the Total Environment, 649,pp. 1004-1016. 

16. BökeÖzkoç, H., andArıman, S., (2023). Contamination and risk assessment of heavy 

metals in coastal sediments from the Mid-Black Sea, Turkey. Stochastic Environmental 

Research and Risk Assessment, 37(1), pp. 375-394. 

17. Bosch, A.C., O'Neill, B., Sigge, G.O., Kerwath, S.E., and Hoffman, L.C., (2016). Heavy 

metals in marine fish meat and consumer health: a review. Journal of the Science of Food 

and Agriculture, 96(1), pp. 32-48. 

18. Breitburg, D., Levin, L.A., Oschlies, A., Grégoire, M., Chavez, F.P., Conley, D.J., ...and 

Zhang,   J.    (2018).    Declining    oxygen    in    the    global    ocean    and    coastal 

waters. Science, 359(6371), pp. 7240. 

19. Carrasco, G., Molina, J.L., Patino-Alonso, M.C., Castillo, M.D.C., Vicente-Galindo, M.P., 

and Galindo-Villardón, M.P., (2019). Water quality evaluation through a multivariate 

statistical HJ-Biplot approach. Journal of Hydrology, 577, p. 123993. 

20. Chan, W.S., Routh, J., Luo, C., Dario, M., Miao, Y., Luo, D., and Wei, L., (2021). Metal  

accumulations in aquatic organisms and health risks in an acid mine-affected site in South 

China. Environmental geochemistry and health, 43, pp. 4415-4440. 

21. Chen, J., Liu, M., Bi, N., Yang, Y., Wu, X., Fan, D., and Wang, H., (2021). Variability of 

heavy metal transport during the water–sediment regulation period of the Yellow River in 

2018. Science of The Total Environment, 798,p. 149061. 

22. Chris, D.I., andAnyanwu, B.O., (2022). Pollution and Potential Ecological Risk Evaluation 

Associated with Toxic Metals in an Impacted Mangrove Swamp in Niger Delta, 

Nigeria. Toxics, 11(1), p. 6. 

23. Collin, M.S., Venkatraman, S.K., Vijayakumar, N., Kanimozhi, V., Arbaaz, S.M., Stacey, 

R.S., ...andSwamiappan, S., (2022). Bioaccumulation of lead (Pb) and its effects on human: 

A review. Journal of Hazardous Materials Advances, 7, p. 100094. 



Davies Ibienebo Chris/Afr.J.Bio.Sc.6(Si3)(2024) Page 3365 to 10 
 

 

24. Chris, D.I., Onyena, A.P., and Sam, K., (2023). Evaluation of human health and ecological 

risk of heavy metals in water, sediment and shellfishes in typical artisanal oil mining areas 

of Nigeria. Environmental Science and Pollution Research, pp. 1-15. 

25. Cox, T.J.S., Maris, T., Van Engeland, T., Soetaert, K., and Meire, P., (2019). Critical 

transitions in suspended sediment dynamics in a temperate meso-tidal estuary. Scientific 

reports, 9(1), p. 12745. 

26. Das, S., Patnaik, S.C., Sahu, H.K., Chakraborty, A., Sudarshan, M., andThatoi, H.N., 

(2013). Heavy metal contamination, physico-chemical and microbial evaluation of water 

samples collected from chromite mine environment of Sukinda, India. Transactions of 

nonferrous metals society of China, 23(2), pp. 484-493. 

27. Davies I.C. and Ekperusi A.O., (2021). Evaluation of Heavy Metal Concentrations in 

Water, Sediment and Fishes of New Calabar River in Southern Nigeria. Journal of 

Limnology and Freshwater Fisheries Research, 7(3), pp. 207-218. 

28. Davies I.C., and Oghenetekevwe, (2023). Impact of Artisanal Crude Oil Refining Effluents 

on Interstitial Water at a Mangrove Wetland, Asari-Toru Axis of Sombreiro River, Rivers 

State.International Journal of Environment and Geoinformatics, 10(2), pp. 12-23. 

29. Davies I.C., Odekina, U. M. and Akoko S., (2022). Distribution Of Trace Metals in Biota, 

Sediments, And Water from A Polluted Mangrove Swamp in Rivers State. Journal of 

Geography, Environment and Earth Science International, 26(4), pp. 1-14. 

30. Davies, I.C., Nkeeh, D.K., Akoko S. and Ariri I.P., (2021). Spatial Variation of Heavy  

Metals in Blue Crab Calinectesamnicola Harvested from The Water Front of Some Fishing 

Communities in River State, Nigeria. International Research Journal of Applied Sciences, 

Engineering, and Technology, 7(11), pp. 33-49. 

31. Derdour, A., Mahamat Ali, M.M., andChabane Sari, S.M., (2020). Evaluation of the quality 

of groundwater for its appropriateness for drinking purposes in the watershed of Naâma, 

SW of Algeria, by using water quality index (WQI). SN Applied Sciences, 2(12), p. 1951. 

32. Egbueri, J.C., (2022). Incorporation of information entropy theory, artificial neural 

network, and soft computing models in the development of integrated industrial water  

quality index. Environmental Monitoring and Assessment, 194(10), p. 693. 

33. Ezemonye, L.I., Adebayo, P.O., Enuneku, A.A., Tongo, I., andOgbomida, E., (2019). 

Potential health risk consequences of heavy metal concentrations in surface water, shrimp 

(Macrobrachiummacrobrachion) and fish (Brycinuslongipinnis) from Benin River, 

Nigeria. Toxicology Reports, 6, pp. 1-9. 

34. Gaber, H.S., El-Kasheif, M.A., Ibrahim, S.A., andAuthman, M., (2013). Effect of water 

pollution in El-Rahawy drainage canal on hematology and organs of freshwater fish. World 

Applied Sciences Journal, 21(3), pp. 329-341. 

35. Health criteria and other supporting information. World Health Organization, Geneva, 

(2011), Guidelines for drinking-water quality.2nd ed. Vol. 2. 

36. Hojjati-Najafabadi, A., Mansoorianfar, M., Liang, T., Shahin, K., andKarimi-Maleh, H., 

(2022). A review on magnetic sensors for monitoring of hazardous pollutants in water 

resources. Science of The Total Environment, 824, p. 153844. 

37. Islam, A., andGuha, A.K., (2013). Removal of pH, TDS and color from textile effluent by 

using coagulants and aquatic/non aquatic plants as adsorbents. Resources and 

Environment, 3(5), pp. 101-114. 



Davies Ibienebo Chris/Afr.J.Bio.Sc.6(Si3)(2024) Page 3366 to 10 
 

 

38. Kanungo, S., Bhuyan, N.K., andPatra, H.K., (2018). Assessment of the water quality 

standard of brahmani river in terms of physico-chemical parameters. International Journal 

of Scientific Research and Management (IJSRM), 6(04). 

39. Khan, M.X., and Butt, A., (2022). Evaluation of Water Quality Using Physicochemical  

Parameters and Aquatic Insects Diversity. In River Basin Management-Under a Changing 

Climate. IntechOpen. 

40. Koch, M., Bowes, G., Ross, C., and Zhang, X.H., (2013). Climate change and ocean 

acidification effects on seagrasses and marine macroalgae. Global change biology, 19(1), 

pp. 103-132. 

41. Kruk, J., Aboul-Enein, H.Y., Kładna, A., and Bowser, J.E., (2019). Oxidative stress in 

biological systems and its relation with pathophysiological functions: the effect of physical 

activity on cellular redox homeostasis. Free radical research, 53(5), pp. 497-521. 

42. Kükrer, S., andMutlu, E., (2019). Assessment of surface water quality using water quality 

index and multivariate statistical analyses in Saraydüzü Dam Lake, Turkey. Environmental 

monitoring and assessment, 191, pp. 1-16. 

43. Lajçi, N., Sadiku, M., Lajçi, X., Baruti, B., andNikshiq, S., (2017). Assessment of major  

and trace elements of fresh water springs in village Pepaj, Rugova region, Kosova. Journal 

of International Environmental Application and Science, 12(2), pp. 112-120. 

44. Lawson, E.O., (2011).Physico-chemical parameters and heavy metal contents of water 

from the Mangrove Swamps of Lagos Lagoon, Lagos, Nigeria. Advances in biological 

research, 5(1), pp. 8-21. 

45. Lemessa, F., Simane, B., Seyoum, A., andGebresenbet, G., (2023). Assessment of the 

Impact of Industrial Wastewater on the Water Quality of Rivers around the Bole Lemi 

Industrial Park (BLIP), Ethiopia. Sustainability, 15(5), p. 4290. 

46. Leyssens, L., Vinck, B., Van Der Straeten, C., Wuyts, F., andMaes, L., (2017). Cobalt 

toxicity in humans—A review   of   the   potential   sources   and   systemic   health 

effects. Toxicology, 387, pp. 43-56. 

47. Li Yung Lung, J.Y., Tank, S.E., Spence, C., Yang, D., Bonsal, B., McClelland, J.W., and 

Holmes, R.M., (2018). Seasonal and geographic variation in dissolved carbon 

biogeochemistry of rivers draining to the Canadian Arctic Ocean and Hudson Bay. Journal 

of Geophysical Research: Biogeosciences, 123(10), pp. 3371-3386. 

48. Li, D., Chang, F., Wen, X., Duan, L., and Zhang, H., (2022). Seasonal Variations in Water 

Quality and   Algal   Blooming   in   Hypereutrophic   Lake   Qilu   of   Southwestern 

China. Water, 14(17), p. 2611. 

49. Liang, J., Feng, C., Zeng, G., Gao, X., Zhong, M., Li, X., ...and Fang, Y., (2017). Spatial 

distribution and source identification of heavy metals in surface soils in a typical coal mine 

city, Lianyuan, China. Environmental Pollution, 225, pp. 681-690. 

50. Madhav, S., Ahamad, A., Singh, A. K., Kushawaha, J., Chauhan, J.S., Sharma, S., and 

Singh, P. (2020). Water pollutants: sources and impact on the environment and human 

health. Sensors in water pollutants monitoring. Role of material, 43-62. 

51. Mishra, S., Bharagava, R.N., More, N., Yadav, A., Zainith, S., Mani, S., andChowdhary, 

P., (2019). Heavy metal contamination: an alarming threat to environment and human 

health. Environmental biotechnology: For sustainable future, 103-125. 

52. Null, S.E., Mouzon, N.R., and Elmore, L.R., (2017). Dissolved oxygen, stream 

temperature, and fish habitat response to environmental water purchases. Journal of 

environmental management, 197, pp. 559-570. 



Davies Ibienebo Chris/Afr.J.Bio.Sc.6(Si3)(2024) Page 3367 to 10 
 

 

53. Odekina, M.U., Davies, I.C., Akoko, S., and Vincent-Akpu, I.F., (2021). Bioaccumulation 

of Heavy Metals in Periophthalmuspapillio, Sediment and Interstitial Water from Isaka- 

Bundu Water Front in Rivers State. Acad. J. Curr. Res, 8, pp. 19-38. 

54. Ojobo, K.C., andAdowei, P., (2021). Evaluation of physicochemical characteristics and 

carbonate equilibria system of the New Calabar   River,   Choba,   Rivers   State, 

Nigeria. Journal of Applied Sciences and Environmental Management, 25(10), pp. 1841- 

1847. 

55. Oluniyi, A.E., (2017). Nigeria's oil and gas production and Niger Delta militant: The need 

of oil resources to stop oil reliance for sustainable development. Global Journal of Human 

Social Science: F Political Science, 17 (5). 

56. Omer, N.H., (2019). Water quality parameters. Water quality-science, assessments and 

policy, 18, pp. 1-34. 

57. Onyemesili, O.O., Egbueri, J.C., andEzugwu, C.K., (2022). Assessing the pollution status,  

ecological and health risks of surface waters in Nnewi urban, Nigeria: implications of poor  

waste disposal. Environmental forensics, 23(3-4), pp. 346-360. 

58. Pace, M.L., Buelo, C.D., and Carpenter, S.R., (2021). Phytoplankton biomass, dissolved 

organic matter,   and   temperature   drive   respiration   in   whole   lake   nutrient 

additions. Limnology and Oceanography, 66(6), pp. 2174-2186. 

59. Patel, A.P., Bedarkar, P., andThakar, A.B., (2022). Comparative physicochemical analysis 

of Jalakumbhikshara prepared with water and cow urine. Journal of Drug Research in 

Ayurvedic Sciences, 7(1), p. 62. 

60. Rajeshkumar, S., and Li, X., (2018). Bioaccumulation of heavy metals in fish species from 

the Meiliang Bay, Taihu Lake, China. Toxicology reports, 5, pp. 288-295. 

61. Ramaglia, A.C., de Castro, L.M., and Augusto, A., (2018). Effects of ocean acidification 

and salinity variations on the physiology of osmoregulating and osmoconforming 

crustaceans. Journal of Comparative Physiology B, 188, pp. 729-738. 

62. Rehman, A.U., Nazir, S., Irshad, R., Tahir, K., urRehman, K., Islam, R.U., andWahab, Z.,  

(2021). Toxicity of heavy metals in plants and animals and their uptake by magnetic iron 

oxide nanoparticles. Journal of Molecular Liquids, 321, p. 114455. 

63. Reid, A.J., Carlson, A.K., Creed, I.F., Eliason, E.J., Gell, P.A., Johnson, P.T., ...and Cooke,  

S.J., (2019). Emerging threats and persistent conservation challenges for freshwater 

biodiversity. Biological Reviews, 94(3), pp. 849-873. 

64. Rusydi, A.F., (2018). Correlation between conductivity and total dissolved solid in various 

type of water: A review. In IOP conference series: earth and environmental science, 118, p.  

012019. 

65. Sabha, I., Bhat, S.U., Hamid, A., and Rather, J.A., (2019). Monitoring stream water quality 

of Dagwan stream, an important tributary of Dal Lake, Kashmir Himalaya. Arabian Journal 

of Geosciences, 12, pp. 1-17. 

66. Saha, N., Mollah, M.Z.I., Alam, M.F., and Rahman, M.S., (2016). Seasonal investigation of 

heavy metals in marine fishes captured from the Bay of Bengal and the implications for 

human health risk assessment. Food control, 70, pp. 110-118. 

67. Šajn, R., Ristović, I., andČeplak, B., (2022). Mining and Metallurgical Waste as Potential 

Secondary Sources of Metals—A Case Study for the West Balkan Region. Minerals, 12(5), 

p. 547. 



Davies Ibienebo Chris/Afr.J.Bio.Sc.6(Si3)(2024) Page 3368 to 10 
 

 

68. Santana, C.S., Olivares, D.M.M., Silva, V.H., Luzardo, F.H., Velasco, F.G., and de Jesus, 

R.M., (2020). Assessment of water resources pollution associated with mining activity in a 

semi-arid region. Journal of Environmental Management, 273, p. 111148. 

69. Schwarzenbach, R.P., Egli, T., Hofstetter, T.B., Von Gunten, U., andWehrli, B., (2010). 

Global water pollution and human health. Annual review of environment and resources, 35, 

pp. 109-136. 

70. Sharma, N., andSinghvi, R., (2017). Effects of chemical fertilizers and pesticides on human 

health and environment: a review. International journal of agriculture, environment and 

biotechnology, 10(6), pp. 675-680. 

71. Song, Y., Choi, M.S., Lee, J.Y., and Jang, D.J., (2014). Regional background 

concentrations of heavy metals (Cr, Co, Ni, Cu, Zn, Pb) in coastal sediments of the South 

Sea of Korea. Science of the Total Environment, 482, pp. 80-91. 

72. Sonone, S.S., Jadhav, S., Sankhla, M.S., and Kumar, R., (2020). Water contamination by 

heavy metals and their toxic effect on aquaculture and human health through food 

Chain. Lett. Appl. NanoBioScience, 10(2), pp. 2148-2166. 

73. Srichandan, S., Kim, J.Y., Bhadury, P., Barik, S.K., Muduli, P.R., Samal, R.N., 

...andRastogi, G., (2015). Spatiotemporal distribution and composition of phytoplankton 

assemblages in a coastal tropical lagoon: Chilika, India. Environmental Monitoring and 

Assessment, 187, pp. 1-17. 

74. Stehfest, K.M., Carter, C.G., McAllister, J.D., Ross, J.D., and Semmens, J.M., (2017). 

Response of Atlantic salmon Salmosalar to temperature and dissolved oxygen extremes 

established using animal-borne environmental sensors. Scientific reports, 7(1), p. 4545. 

75. Sulistiawati, D., Ya’La, Z.R., andMubaraq, D.Z., (2020). Water quality study in several 

seaweeds culture sites in the post-earthquake-tsunami Palu Central, Sulawesi Province. 

Journal of Physics: Conference Series, 1434(1), p. 012035. 

76. Tomperi, J., Isokangas, A., Tuuttila, T., andPaavola, M., (2022). Functionality of turbidity 

measurement under changing water quality and environmental conditions. Environmental 

technology, 43(7), pp. 1093-1101. 

77. United Nations Environment Programme (UNEP), Global Drinking Water Quality Index 

Development and Sensitivity Analysis Report,2007. 

78. Verma, P., Singh, P.K., Sinha, R.R., and Tiwari, A.K., (2020). Assessment of groundwater 

quality status by using water quality index (WQI) and geographic information system 

(GIS) approaches: a case study of the Bokaro district, India. Applied Water Science, 10, pp. 

1-16. 

79. Vu, C.T., Lin, C., Yeh, G., and Villanueva, M.C., (2017). Bioaccumulation and potential  

sources of heavy metal contamination in fish species in Taiwan: assessment and possible 

human health implications. Environmental Science and Pollution Research, 24, pp. 19422- 

19434. 

80. WHO (World Health Organization), 2011, Guidelines for drinking water quality, 4rd ed. 

Recommendations, vol. 1. WHO Press, World Health Organization, 20 Avenue Appia, 

1211 Geneva 27, Switzerland. 

81. Yoon, S.J., Hong, S., Kim, S., Lee, J., Kim, T., Kim, B., andKhim, J.S., (2020). Large-scale 

monitoring and ecological risk assessment of persistent toxic substances in riverine, 

estuarine, and coastal sediments of the Yellow and Bohai seas. Environment 

international, 137, p. 105517. 



Davies Ibienebo Chris/Afr.J.Bio.Sc.6(Si3)(2024) Page 3369 to 10 
 

 

82. Zeinali, T., Salmani, F., andNaseri, K., (2019). Dietary intake of cadmium, chromium, 

copper, nickel, and lead through the consumption of meat, liver, and kidney and assessment 

of human health risk in Birjand, Southeast of Iran. Biological trace element research, 191, 

pp. 338-347. 

83. Zhang, C., (2007). Fundamental of environmental sampling and analysis. Wiley, New 

York, p. 109 

84. Zhang, Z., Lu, Y., Li, H., Tu, Y., Liu, B., and Yang, Z., (2018). Assessment of heavy metal 

contamination, distribution and source identification in the sediments from the Zijiang 

River, China. Science of the Total Environment, 645, pp. 235-243. 

85. Zhong, W.S., Ren, T., and Zhao, L.J., (2016). Determination of Pb (Lead), Cd (Cadmium), 

Cr (Chromium), Cu (Copper), and Ni (Nickel) in Chinese tea with high-resolution 

continuum source graphite furnace atomic absorption spectrometry. Journal of food and 

drug analysis, 24(1), pp. 46-55. 


