




Assessment of Water Quality and Physico-chemical parameters of Omoku and Ikiri Rivers in Rivers State, Nigeria


Abstract
Introduction: Rivers provide the whole ecosystem with services that have attracted humans for several years. Water quality assessments serve as the foundation for effective water resource management, enabling the identification of impaired water bodies and informing the development of strategies to mitigate pollution and restore ecological health.
Aim: The aim of this research was to determine the water quality and the physico-chemical parameters of Omoku and Ikiri Rivers in Rivers State, Nigeria.
Study design:
Methodology: Water samples were collected monthly from the two rivers for a period 12 months (February, 2023 to January, 2024) to determine the physico-chemical parameters of Omoku and Ikiri Rivers. This was achieved by collecting three replicate water samples from five Stations of Omoku River and one Station from Ikiri River (Control). They were analyzed in the laboratory using Standard Operating Procedures (SOP) methods.
Result: The study revealed that Alkalinity of Stations 1 to 5 (Omoku River) ranged from 11.42 to 16.83 mg/L while the Ikiri River (Control) was much lower at 6.29 mg/L, suggesting less buffering capacity and possibly less pollution. For Total Suspended Solids (TSS), Stations 1 to 5 had a range of 16.8–18.9 mg/L, higher than control (4.09 mg/L), indicating more particulate matter in Omoku River. Chemical Oxygen Demand (COD) recorded in the study ranged from 5.12 – 6.17 mg/L in Stations 1-5 signifying moderate organic pollution. Control Station showed lower value (4.22 mg/L). Biological Oxygen Demand (BOD) in the five stations ranged from 1.30 – 2.14 mg/L, which indicated low to moderate pollution. Electrical Conductivity (EC) in the five stations recorded values between 28.44 and 33.04 µS/cm indicating low mineral content while control station was even lower (13.25 µS/cm), indicating fewer dissolved ions. For Total Dissolved Solids (TDS), Stations 1 to 5 recorded values from 14.17 to 16.29 ppm while Control station had 6.75 ppm indicating cleaner river water. Water temperature varied from 27.6°C – 27.9°C in all stations and control. The Salinity values of 0.02 - 0.03 ppt were recorded in stations 1 - 5 and corresponding with freshwater range though the Control station stood at 0.01 ppt, slightly purer. For Dissolved Oxygen (DO) in Stations 1 - 5 had values of 4.03–4.66 mg/L, slightly below the ideal >5 mg/L for aquatic life while Control recorded 5.81 mg/L, a healthier oxygen levels. In all the 5 stations, pH ranged from 8.51–8.82, slightly alkaline and the control had 8.38, closest to neutral. Turbidity at Stations 1 to 5 was 6.91 – 8.81NTU slightly above WHO’s <5 NTU recommended limit for portable water indicating reduced water charity and potential contamination risk. The control station in the other hand had a mean turbidity of 2.47 NTU which falls within acceptable limits and reflects comparatively better water quality. 
Conclusion: These findings underscore the urgent need for regular monitoring, pollution control measures, and sustainable water management strategies to safeguard water quality. Strengthening community awareness, enforcing environmental regulations, and implementing remediation efforts are critical to ensuring that the Omoku and Ikiri Rivers remain viable water resources that support both human livelihoods and ecological integrity.
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Introduction: 
Water is known as a crucial natural resource in Nigeria, thus the demand for clean water is growing because of the rapid population explosion, demands of improving the living standards of life, and the requirement in attaining economic development. While abundant water resources are almost omnipresent in the country, the threat of contamination and pollution makes our waters limited and unusable. Idowo, Oluremi, and Odubabawo (2011) cited that water resources quantity and quality are being affected by the anthropogenic activities, likewise Sahoo & Goswami (2024), who stated that water pollution remains a persistent global challenge driven by human activities and continues to affect ecosystems and human health worldwide. “The state of the water, including its chemical, physical, and biological characteristics, is referred to as water quality. This usually refers to how appropriate the water is for swimming, cooking, drinking, and other activities”. (Akter et al., 2016). “The suitability of drinking water for human consumption is indicated by its quality. Water composition, which is impacted by both natural and human processes, determines water quality.” (Akter et al., 2016). However, due to population growth, development, urbanization, industry, and the disposal of garbage and chemical effluents into water bodies, drinking water in developing nations like Nigeria is constantly contaminated with dangerous compounds (Onyemesili et al., 2020). 
Water bodies deteriorate as a result of various human activities, including mining, industrial production, agriculture, and domestic practices. These activities significantly affect aquatic ecosystems and reduce access to safe drinking water for humans (Lin et al., 2022; Zhou et al., 2022). In both rural and urban regions, point and non-point sources of pollution have an impact on water quality. Sewage discharge, industrial discharge, and agricultural runoff are a few of these causes. Floods, droughts, and a lack of understanding among end users all have an impact on water quality; in order to maintain water resources, factors including hygiene, environmental sanitation, storage, and disposal must be taken into account.
The spread of diseases is the most significant threat to humanity when freshwater is contaminated by the discharge of certain substances into its subsurface or groundwater to the extent that the substances interfere with the water's beneficial uses or the ecosystem's natural functioning. A sufficient supply of clean freshwater is essential for both economic and human advancement (Galadima, 2011). Reports by Food and Agriculture Organization (FAO, 2023), showed that access to safe water and sanitation is one of the most basic human needs crucial for health and well‑being, and that inadequate progress in water and sanitation undermines public health and development globally. The common water supplies available to local populations in Nigeria are being severed by anthropogenic factors, with pollution as the most prominent concern (Gambo, et al., 2018). The availability of clean water for human consumption as well as the aquatic ecosystem may be impacted by the degradation of water quality and quantity caused by home usage, mining, industrial production, power generating, and forestry practices (UNEP, 2016).
By measuring and analyzing its physicochemical parameters, water's properties and composition can be assessed (Okogbule, et al., 2025). These factors provide important information about the chemical and physical properties of water (Rocha et al., 2015). The factors help determine if it is suitable for a variety of applications, including drinking, industrial operations, and aquatic ecosystems (Rocha et al., 2015). The hydrogen ion concentration, or pH, is one of the physicochemical properties. A water's pH, which ranges from 0 to 14, indicates how acidic or alkaline it is (Neina, 2019). A neutral pH is seven, an acidic pH is less than seven, and an alkaline pH is larger than seven. However, it has been noted that pH affects water's chemical interactions and is crucial for aquatic life (Neina, 2019). Water temperature affects chemical reactions, gas solubility, and aquatic organisms' metabolic rates (Boscolo-Galazzo et al., 2018).  According to Rusydi (2018), when determining how hot or cold the water is, the temperature degree is crucial. Temperature variations have been shown to have an effect on aquatic habitat health (Rusydi, 2018). Electrical Conductivity, a measurement of the water's ability to conduct an electric current, is influenced by the concentration of dissolved ions in the water. Increased conductivity may indicate the presence of dissolved salts or ions. According to Boyd (2020), The sum of all inorganic and organic substances, such as salts, minerals, and other compounds, is known as the total dissolved solids (TDS) in water. High TDS levels may affect the flavor and purity of water (Boyd, 2020). Turbidity is a measure of how hazy or cloudy water is because of suspended particles. Aquatic species and light penetration in aquatic ecosystems may be impacted by excessive turbidity (Hill, 2017). DO measures the amount of dissolved oxygen in water, which is essential for aquatic life to exist. Fish and other aquatic life may suffer from hypoxia caused by low DO levels (Li et al., 2018). The amount of oxygen required to oxidize both organic and inorganic elements in water is measured using the COD technique (Jouanneau et al., 2014). It acts as a barometer for the water's level of pollution as well as its ability to support aquatic life. BOD measures the quantity of oxygen that bacteria in water use to break down organic waste. Elevated BOD levels can indicate pollution and impact aquatic ecosystems (Rusydi, 2018). The concentration of particles suspended in water but not dissolved is measured by TSS (Das, 2023). Turbidity and poor water quality can result from high total suspended solids (TSS). Salinity is a measure of the amount of dissolved salts in water. It is a crucial factor in deciding whether water is fit for drinking and other uses. The Omoku and Ikiri Rivers' water quality state is not well-documented, despite the vital role surface water bodies play in sustaining household, agricultural, and industrial activities in Rivers State. The physico-chemical properties of these rivers may have changed dramatically as a result of rapid urbanization, oil exploration, agricultural runoff, and inappropriate garbage disposal, hence the purpose of this study to evaluate the water quality and physio-chemical parameters of Omoku and Ikiri Rivers in Rivers State, Nigeria. 

Materials and Methods
Study design: 
The study used descriptive and observational methods with a variety of samples that were examined in a laboratory. Data from the two rivers designated for the study were noted, recorded, and described as part of this design.
Study Area:
The study was conducted in Omoku River (also known as Orashi River) and Ikiri River, often referred to as Sombreiro River.  The two rivers are found in Ogba/Egbema/Ndoni Local Government Area (ONELGA) of Rivers State.
Study Area 1 - Omoku River, a Part of Orashi River in Rivers State
Study Area 1 was Omoku or Orashi River, in Ogba / Egbema / Ndoni Local Government Area (ONELGA) of Rivers State. Orashi River also known as Urashi or Ulasi, has coordinates of 50 4813511 N 70 412311 E / 5.809720N 7.073060E. It takes off as a stream from the rocks, at the base of a waterfall, 183m above mean sea level in the Urashi enclave of Ezeama community in Dikenafai, Imo State, (Mmom, 2013). From Dikenafia, Orashi flows through several towns, including Urualla, Akokwa, Okija, Orsu, Ukpor, Ihiala, Uli, Oguta, Osemotor, Omoku (the study site), Obiakpo, Ebocha, Ukodu, Okarki, Mbiama and Epie. 
The river forms tributaries along its flows, from Imo through Anambra, Rivers to Bayelsa, before emptying onto the Atlantic. It splits into two at Egbema. The larger portion (right), continued the flow through Eluku before parting further into two and emptying its waters and sediments at Edi Kalama (Degema) and Abonnema, (Imo reporters, 2016).



Study Area 2 - Ikiri River, a part of Sombreiro River in River State
Sombreiro River is one of the tributaries of the River Niger in the Niger Delta Basin. It lies at latitude 40 231711 and longitude 60 5114811. It is a tributary of River Niger which arises from northern boundary of Rivers State with Imo State. Sombreiro River is located in three Local Government Areas of Rivers State namely ONELGA, EMUOHA and DEGEMA. It is one of the series of the Niger Delta Rivers which channels into the Atlantic Ocean and is connected to other rivers through creeks in the coastal areas of the Niger Delta (Ezekiel, 1986). Abowei & Hart (2008), stated that Sombreiro River originated from swamps in the Oguta-Ebocha zone through the Northern parts of Ogba/Egbema/Ndoni Local Govt. Area of Rivers State and is located east of the Orashi River.  This makes the mouth of the river brackish and tidal environment (Ezekiel et al., 2011). The Upper reach of the River is known to be fresh (NNPC/RPI, 1985).

Samples and Sampling Techniques
Water sample collection for physico-chemical parameter analysis
Water samples were collected monthly from the two rivers for a period 12 months (February, 2023 to January, 2024) to determine the physico-chemical parameter of Omoku and Ikiri Rivers. This was achieved by collecting three replicate water samples from five Stations of Omoku River and one Station from Ikiri River (Control). They were analyzed using standard methods. 
The five sampling stations in Omoku river were established at approximately ten kilometers apart to accommodate different biotopes, while the sixth sampling station was one point at Ikiri river. They were named thus:-
Station 1(Onosi Akpu Iyasara), Omoku:- This was the major entrance route of the river. It had free flowing water. A number of activities were carried out ranging from bathing, washing, fishing and dredging of sand. This station can also be described as downstream station, where the cumulative impacts of upstream activities, such as increased nutrient loading, run-offs from the nearby farm-land and pollution were feasible. It was selected to understand how human-induced pressures and environmental gradients shape the dynamics in the river. The water here was turbid and this contributed to the reduction of transparency of the water.
Station 2 (Onosi Akpu), Omoku: -The station is free flowing with fishing activities occurring here. Fishing nets were tied all around the vicinity of this station.  
Station 3 (Onosi Umu Iyasara), Omoku: - This station represented the midstream of the studied river. There was minimal human interference.
Station 4 (Onosi Umu Okirie), Omoku: - This station was relatively quiet with less of human disturbances. A few fishing nets were tied along the way.
Station 5 (Onosi Umu Eke), Omoku: - This station represented the upstream section of the river. It is free flowing with fishing nets tied around the sides of the river. This station is characterized by minimal human interference. 
Station 6 (Ikiri River, under the bridge), Ikiri: - This station was chosen as a control station due to moderate human activities, such as bathing, washing, low scale fishing and low runoff from nearby settlements and agricultural area. It served as a parking lot for many canoes.
Laboratory Analysis
The physico-chemical parameters determination was carried out on Temperature, Alkalinity, Biological Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Electrical Conductivity, Dissolved Oxygen (DO), pH, Salinity, Suspended Solids, Total Dissolved Solids (TDS) and Turbidity in the Laboratory using Standard Operating Procedures (SOP) as described in American Public Health Association (APHA) (APHA, 2017).
Data Analysis
Descriptive Statistics: Mean and standard deviation values were calculated for each water quality parameter across the six (6) sampling stations. These measures provided a summary of the central tendency and variability within the data. Two-way Analysis of variance (ANOVA) with replication using MINITAB and correlation analysis, were used to assess the significance of relationships between different parameters and their potential influences and interactions.
Comparative Analysis: The water quality results were compared to permissible limits established by WHO to assess compliance and potential ecological implications.

Results And Discussion
Parameters based on Stations in Omoku and Ikiri River.
Alkaline concentration indicated that station 5 (16.83±2.15 mg/L) in Table 1 recorded the highest mean concentration, followed by Station 2 (15.17±2.21 mg/L) while the least was recorded in control (6.29±0.66 mg/L).  The control recorded a significantly lower concentration than stations 2, 4 and 5 (p<0.05), but insignificantly lower concentration than stations 1 and 3 (p>0.05). Total Suspended Solids (TSS) concentrations across Stations 1–5 ranged from 16.80mg/L in Station 4 to 18.94mg/L in Station 3. The control recorded a significantly lower concentration of 4.09±1.30mg/L. Although there were differences in concentration across the stations, it was statistically significant (p>0.05) (Table 1).




Table 1:- Physico-chemical parameters based on Stations 
	Parameters
	Stations

	
	1
	2
	3
	4
	5
	6 (Control) 

	Alkalinity (Mg/L)
	12.83±1.90ac
	15.17±2.21ab
	11.42±1.32ac
	14.83±2.55ab
	16.83±2.15ab
	6.29±0.66c

	TSS (Mg/L)
	18.01±5.77a
	18.30±5.80a
	18.94±6.07a
	16.80±6.16a
	18.68±6.38a
	4.09±1.30a

	COD(Mg/L)
	5.12±0.45ab
	5.87±034a
	6.17±0.53ab
	5.65±0.34a
	5.97±0.33a
	4.22±0.33b

	BOD (Mg/L)
	1.30±0.08a
	1.60±0.17a
	2.14±029a
	1.63±0.08a
	1.82±0.20a
	3.77±0.29b

	EC (µS/cm)
	33.04±4.31a
	28.44±2.36a
	29.21±2.53a
	29.21±2.58a
	30.49±2.67a
	13.25±1.54b

	TDS (Mg/L)
	16.29±2.24a
	14.17±1.16a
	14.74±1.28a
	14.55±1.30a
	15.14±1.33a
	6.75±0.73b

	Temp (oC)
	27.90±0.22a
	27.62±0.22a
	27.62±0.24a
	27.94±0.30a
	27.72±0.23a
	27.76±0.21a

	Salinity (PPT)
	0.03±0.01a
	0.02±0.0ab
	0.03±0.0ab
	0.03±0.0ab
	0.03±0.0a
	0.01±0.0b

	DO (Mg/L)
	4.59±0.35ab
	4.38±0.37b
	4.53±0.38ab
	4.66±0.28a
	4.03±0.36b
	5.81±0.22a

	pH
	8.82±0.22a
	8.56±0.22a
	8.51±0.25a
	8.62±0.26a
	8.67±0.27a
	8.38±0.16a

	Turbidity (NTU)
	6.91±3.05a
	7.18±3.37a
	7.66±3.44a
	7.13±3.39a
	8.81±3.67a
	2.47±0.96a


Means of physico-chemical parameters with the same superscript(s) in the same column are not significantly different from each other (p>0.05).
COD indicated that Station 3 (6.17±0.53 mg/L) recorded the highest mean concentration, followed by Station 2 (5.87±0.34 mg/L), while the least was observed in the control (4.22±0.33 mg/L), and there were differences in concentration across the stations, it was statistically significant (p>0.05), (Table 1). Mean values of Biological Oxygen Demand (BOD) ranged from 1.30mg/l (Station 1) to 2.14mg/L (Station 3) (p<0.05); while that of Electrical Conductivity (EC) ranged from 28.44µs/m (Station 2) to 33.04µs/m (Station 1) (p>0.05) as shown in Table 1.
Station 1 (16.29±2.24 mg/L) recorded the highest mean concentration in Total Dissolved Solids (TSS), followed by Station 5 (15.14±1.33 mg/L), while the least was observed in the control station (6.75±0.73 mg/L). The control station showed significantly lower TDS than all other stations (p<0.05) (Table 1). Mean values of Temperature ranged from 27.62±0.220C to 27.94±0.300C with Station 2 and Station 3 having an average reading of 27.62 0C. The Control Station had an average temperature of 27.76±0.210C while station 4 had the highest value of 27.94±0.300C than all other stations (p<0.05) (Table 1). Salinity concentration indicated that control station (0.01±0.0 ppt) in Table 1b above recorded the lowest mean concentration, followed by Station 2 (0.02±0.0 ppt) while the higher values were recorded in stations 3, 4 and 5 (0.03±0.0 ppt) with station 1 recorded 0.03±0.01 ppt concentration (p>0.05).
Dissolved Oxygen (DO) concentrations across Stations 1–5 ranged from 4.03±0.36 mg/L to 4.59±0.35 mg/L. The control recorded a significantly higher concentration of 5.81±0.22 mg/L. Although there were differences in concentration across the stations, it was statistically significant (p>0.05), (Table 1). Station 1 (8.82±0.22) recorded the highest mean concentration in Hydrogen ion concentration (pH), followed by Station 5 (8.67±0.27), while the least was observed in the control station (8.38±0.16). Station 3 recorded a value of 8.51±0.25 at p<0.05, (Table 1). Turbidity concentrations across Stations 1–5 ranged from 6.91±3.05 to 8.81±3.67 NTU. The control recorded a significantly lower concentration of 2.47±0.96 NTU. Although there were differences in concentration across the stations, it was statistically significant (p>0.05) (Table 1).

Physico-chemical parameters based on months in Omoku and Ikiri River (Control)
The mean value of TSS were highest in August & September (45.94±8.81 mg/L) and July (38.74±7.71 mg/L) than all other months (p<0.05). The lowest values were recorded in January, 2024 (0.72±0.11 mg/L) and October (1.25±0.12 mg/L). Alkalinity values ranged from 5.67mg/L (May 2023) to 19.83mg/L (December 2023) (p<0.05). The mean value of COD was highest in September 2023 (7.94±0.41 mg/L) and least in May 2023 (4.45±0.33mg/L) (Table 2).

Table 2: - Physico-chemical parameters based on different months
	
Months
	
Alkalinity (Mg/L)
	
TSS (Mg/L)
	
COD(Mg/L)
	
BOD (Mg/L)
	
E.C (µS/cm)

	February, 2023
	11.50±1.88acd
	10.35±2.09a
	5.92±1.16abc
	1.87±0.68a
	30.82±4.57abc

	March, 2023 
	12.17±2.02acd
	11.69±1.93a
	4.64±0.66a
	1.88±0.58a
	31.40±4.33abc

	April, 2023
	13.50±2.72acd
	8.75±0.75a
	4.54±0.45ac
	2.03±0.46a
	36.39±5.25b

	May, 2023
	5.67±0.56ac
	5.80±1.00a
	4.45±0.33ab
	2.17±0.41a
	41.23±6.55ab

	June, 2023
	6.33±0.61ace
	7.34±1.70a
	5.63±0.40ad
	1.67±0.11a
	32.41±3.88ab

	July, 2023
	10.50±0.50f
	38.74±7.71b
	4.94±0.24abeg
	2.62±0.32a
	20.97±2.04ab

	August, 2023
	11.67±0.80f
	45.94±8.81b
	5.69±0.36abcd
	2.48±0.47a
	23.78±4.98abc

	September, 2023
	25.00±3.57fb
	45.94±8.81b
	7.94±0.41dfg
	1.97±0.33a
	22.42±2.48abc

	October, 2023
	13.00±3.61abc
	1.25±0.12a
	6.22±0.50abcf
	2.57±0.33a
	13.28±0.92c

	November, 2023
	16.42±2.19bde
	4.78±0.91a
	5.75±0.30abcf
	2.14±0.41a
	20.59±1.14ac

	December, 2023
	19.83±2.99de
	8.31±1.86a
	5.29±0.26abce
	1.70±0.59a
	27.89±1.44ac

	January, 2024
	9.17±1.60ac
	0.72±0.11a
	5.00±0.26abce
	1.42±0.37a
	26.11±3.21ac


Means of physico-chemical parameters with the same superscript(s) in the same column are not significantly different from each other (p>0.05).
Total dissolved solid (TDS) was highest in May 2023(20.60±3.23ppm) and least in October 2023 (6.60±0.38ppm) (p<0.05); temperature was highest in January 2024 (28.65±0.22oC) and least in July 2023 (26.43±0.02oC) (p<0.05) (Table 3). pH value was highest in June, 2023(9.65±0.26), followed by January, 2024 with the value of 9.02±0.03, but lowest in May, 2023 with the value of 7.03±0.28. Turbidity had the highest reading of 29.90±5.77NTU in August, 2023, followed by 23.51±4.84NTU in July, 2023. The least recorded value of turbidity was in January, 2024 (0.34±0.05 NTU).
Table 3: - Physico-chemical parameters based on different months (contd.)
	
Months
	
TDS (PPM)
	
Temp(oC)
	Salinity   (PPT)
	
DO
	
pH
	Turbidity (NTU)

	February, 2023
	15.45±2.24ab
	28.55±0.15ac
	0.03±0.0abc
	4.50±0.32ac
	8.98±0.20ac
	0.57±0.09a

	March, 2023 
	15.82±2.06ac
	28.38±0.19ac
	0.03±0.0abc
	4.52±0.36ac
	8.81±0.24a
	0.63±0.08a

	April, 2023
	18.21±2.55ac
	28.15±0.10ac
	0.04±0.01ace
	4.99±0.32ac
	7.92±0.18b
	2.48±0.41b

	May, 2023
	20.60±3.23ab
	27.92±0.02ad
	0.04±0.01cf
	5.47±0.38c
	7.03±0.28d
	4.33±0.81c

	June, 2023
	16.19±2.01ab
	27.15±0.33bd
	0.04±0.01abc
	5.70±0.24a
	9.65±0.26c
	4.89±1.13c

	July, 2023
	10.51±1.04de
	26.43±0.02b
	0.02±0.0bdef
	6.27±0.21b
	8.08±0.10a
	23.51±4.84d

	August, 2023
	12.04±2.38abe
	26.72±0.03b
	0.01±0.0d
	5.82±0.24abc
	8.97±0.04a
	29.90±5.77d

	September, 2023
	10.89±1.56abe
	28.03±0.03ac
	0.02±0.0bcd
	3.28±0.46c
	9.25±0.20a
	5.80±1.49c

	October, 2023
	6.60±0.38e
	27.10±0.21bc
	0.02±0.0abc
	4.52±0.15ac
	8.11±0.11bc
	0.83±0.08a

	November, 2023
	10.16±0.55de
	27.71±0.16bc
	0.02±0.0abc
	4.03±0.28ac
	8.47±0.08a
	2.63±0.58b

	December, 2023
	13.71±0.75abcde
	28.32±0.22ac
	0.02±0.0abc
	3.54±0.54ac
	8.83±0.16a
	4.43±1.18c

	January, 2024
	13.11±1.66abcde
	28.65±0.22ac
	0.02±0.0abc
	3.37±0.41ac
	9.02±0.03a
	0.34±0.05a


Means of physico-chemical parameters with the same superscript(s) in the same column are not significantly different from each other (p>0.05).

Discussion
[bookmark: _Hlk215944565]Results from Table 1 showed that Alkalinity of Stations 1 to 5 (Omoku River) ranged from 11.42 to 16.83 mg/L. This range were lower than acceptable limits of WHO, 2022 (20–200 mg/L typical range). Ikiri River (Control) was much lower at 6.29 mg/L, suggesting less buffering capacity and possibly less pollution. Comparing these values with those gotten from a study at Luubara Creek in Niger Delta, Nigeria by Davies, Nkuene, and Awoteinm (2024), a range of 5.23 to 84.74 mg/L was recorded, higher than those in this study. They explained that these values fall within and extend beyond the moderate range (41.0–58.0 mg/L), indicating moderate buffering capacity typical of many Niger Delta creeks, with portions overlapping the 41.0–58.0 mg/L range and illustrating that portions of creek waters in this region can exhibit alkalinity within this range depending on natural and anthropogenic factor. Table 2 shows that alkalinity was at its peak in the month of September, (25.0), likely due to increased runoff and mineral load and low values in May–June suggest dilution by rainwater or reduced mineral input.

[bookmark: _Hlk215944779]For Total Suspended Solids (TSS) (Table 1), which relatively measure the physical or visual observable dirtiness of water resources, Stations 1 to 5 had a range of 16.8–18.9 mg/L, higher than control (4.09 mg/L), indicating more particulate matter in Omoku River. The control station was significantly cleaner. This range is acceptable for surface water as stipulated by WHO (2022) (< 25 mg/L) for TSS. The values were lower than the findings by Uka and Chukwuka (2007), with range 75.40 - 112.22mg/L and that of Andem, Udofia, Okorafor, Okeke & Ugwumba (2012) that had TSS mean value of 1183.65 in their study on some physical and chemical characteristics of Ona River, Apata, Ibadan, Nigeria. Andem et. al.,(2012) pointed out that the high values seen could be as a result of regular release of effluence from industries such as Sumal food industry, 7up bottling company and dumping of solid wastes around the river area. The continuous depositing of these wastes/effluents around the river could lead to the reduction in the volume of the water and also impede the free flowing of the river. Long term dumping of materials in the river could also result in flooding particularly during heavy rainfall which could have both economic and ecological implications, added Andem, et. al., (2012). Comparing the monthly records of TSS as shown in Table 2, there was a drastic spike in July–September, (38.7 - 45.9) indicating sediment load, possibly from erosion or rainfall-induced turbulence. Lowest values in October–January, aligning with drier seasons and less runoff.

Chemical Oxygen Demand (COD) recorded in the study ranged from 5.12 – 6.17 mg/L in Stations 1-5 signifying moderate organic pollution. Control Station showed lower value (4.22 mg/L), indicating better water quality, (Table 1). These results were lower than the mean concentration of COD found by Yisa and Jimoh (2010) in their analysis where they had a mean of 80.90mg/l, with the range of 51.70 - 102mg/l. The result of another work by Ayed, Etana, Angassa, and Getu (2025), was far too higher with COD values ranging near 995 mg/L, indicating a heavy organic load typical of untreated industrial effluent.  In Table 2, COD rises gradually into September (7.94 mg/L), suggesting higher organic or chemical contaminants. Lower values in March–May may reflect cleaner conditions or dilution.

Biological Oxygen Demand (BOD) in the five stations ranged from 1.30 – 2.14 mg/L, which indicated low to moderate pollution. Many activities took place in these stations like bathing, washing, fishing, many boat/canoes were harbored here for loading and offloading. The control station had a higher value of 3.77 mg/L, which was unusual and may suggest biological activity or contamination. Connor (2016) stated that most pristine rivers have a 5-day carbonaceous biochemical oxygen demand (BOD) below 1 mg/L, while moderately polluted rivers typically exhibit BOD values ranging from 2 to 8 mg/L. WHO (2022) recommends a BOD guideline of < 5mg/L for rivers. Rivers may be considered severely polluted when BOD values exceed 8mg/L. This indicated that human activities or interference increases the BOD of the water thereby increasing the rate of metabolism of fishes.  In monthly records shown in Table 2, BOD consistently elevated (1.4–2.6 mg/L), with peak in July (2.62 mg/L) suggesting microbial activity or waste influx. Stable levels imply continuous organic matter presence.     

From Table 1, Electrical Conductivity (EC) in the five stations recorded values between 28.44 and 33.04 µS/cm indicating low mineral content, well below WHO’s 1500 µS/cm threshold. Control station was even lower (13.25 µS/cm), indicating fewer dissolved ions. Since the conductivity of a solution increases with temperature as the mobility of the ions increases and high conductivity may be attributed to the fact that the conductivity is directly proportional to the amount of salts dissolved in water, it means more salts are dissolved in the waters of Omoku (Orashi) than the waters of Ikiri (Sombreiro). The conductivity from the two rivers is similar to what Sikoki and Veen (2004) found out (3.8 - 10.0 (/cm) in the Shiroro Reservior (fresh water), Nigeria. Chapman, D. (1992) reported that the conductivity of most water bodies ranges from 10 to l000/cm, but may exceed l,000/cm in polluted waters, or those receiving large quantities of land run-off. This indicates that the conductivity of the fishes in rivers will increase as a result of increase in dissolved oxygen emanating from pollution. EC peak (41.23 µS/cm) in May, 2023 suggests mineral-rich input, possibly dry season concentration. Lowest in October, indicates reduced ionic content, possibly post-rainfall dilution, (Table 2).
For Total Dissolved Solids (TDS), Stations 1 to 5 recorded values from 14.17 to 16.29 ppm while Control station had 6.75 ppm indicating cleaner river water, (Table 1). These were very low when compared to WHO (2011) 500 ppm recommendation for taste and acceptability. High TDS values indicate hard water and the presence of toxic materials. Some of the dissolved solids emanate from organic source like leaves, plankton, sewage run-offs, rocks and air that may contain Calcium bicarbonate, Nitrogen, Iron, Phosphorus, Sulphur and other minerals. Result gotten from Dimowo, (2013) were of higher values to the ones in this work. His TDS findings ranged between 48.8 ± 3.68 in February 2012 and 90.8 ± 3.35 in December, 2011. This means that much activity at the water entrance pollutes the water and increases the TDS and also the BOD.  Table 1 showed a peak in May (20.60 ppm), possibly concentrated minerals before heavy rains, a drop during peak rainy months (July–September: 10–12 ppm) due to dilution and a low again in October, possibly indicating post-rain flushing.
Temperature is one of the factors that determines which species may or may not be present. Temperature affects the feeding, reproduction, and metabolism of aquatic animals. A period of high temperature each year may make a stream unsuitable for sensitive aquatic organisms, even though temperatures are within tolerable levels throughout the rest of the year. From Table 1, Water temperature as recorded during this study varied from 27.6°C – 27.9°C in all stations and control, which was typical for tropical rivers. There is no WHO limit, but <25°C is preferred for aquatic life and treatment efficiency. About a similar range (25°C to 32°C) was recorded by Wokoma and Njoku (2017) from their work in Sombreiro River; 26.1°C to 32.8°C in the lower Bonny River (Chindah and Braide, 2004) and 26.25 °C – 30.98 °C in interconnected Nigeria lagoons (Saha, et al., 2025). Different species have different temperature requirements, and the optimal temperature may change for different stages of life. Fish eggs and larvae usually have a narrower temperature requirement than adult fish. In Table 1, Temperature was slightly cooler in the rainy season (July, 26.43°C to August, 26.72°C) likely due to cloud cover and increased runoff but warmer 28.65°C (January). Generally, temperature was stable and suitable for tropical aquatic ecosystems.
The Salinity values of 0.02 - 0.03 ppt were recorded in stations 1 - 5 (Table 1) corresponding with freshwater range though the Control station stood at 0.01 ppt, slightly purer. Raised values are common in water bodies of which are known for their unstable environmental conditions. It may be attributed to the disruption caused by human activities, (dredging, constant fishing and run off) from the densely populated Omoku community where Omoku (Orashi) River is situated. Wokoma et al., (2017) had salinity values of 11.78±0.06 - 18.72±0.07mg/L, above those in this work. Increase in salinity will imply that fishes from one water source can move to a more favourable one to feed and reproduce (Wokoma et al., 2017). For the monthly records, (Table 2), salinity was consistently low (0.01–0.04 ppt), confirming freshwater status. There was slight spike in April–May, coinciding with pre-rainfall mineral accumulation and lowest in August (0.01 ppt), likely due to high rainfall dilution.
For Dissolved Oxygen (DO) in Table 1, Stations 1 - 5 had values of 4.03–4.66 mg/L, slightly below the ideal >5 mg/L for aquatic life while Control recorded 5.81 mg/L, a healthier oxygen levels. Aquatic animals need dissolved oxygen to live, fish and invertebrates that can move, will leave areas with low DO. Alliance for the Chesapeake Bay (2010) gave that, DO levels less than 3ppm are stressful to most aquatic organisms, those less than 2ppm will not support fish while those of about 5.6ppm is required for growth and activity of most aquatic organisms. The result of DO in this study compared favorably with the findings from the following researchers: Wokoma and Njoku (2017) had 3.22mg/L to 6.42mg/l and Obire, Tamuno and Wemedo (2003) had 4.32 - 6.62 mg/L in Elechi Creek, Niger Delta. The observed range is however at variance with the research studies and finding by Odo, Odo, Anyanwu, and Ikechukwu (2022), had 1.9 to 10 mg/L in the Akor River (Ikwuano, Southeastern Nigeria). Generally, the low concentration of DO in Omoku River is thought to be as a result of human interference with the normal activity of the river like dredging which is ongoing, bathing, washing, fishing and organic detritus deposit. As shown in Table 3, DO was highest in July (6.27 mg/L), possibly due to cooler temperature and higher turbulence. It dropped significantly in September (3.28 mg/L) and January (3.37 mg/L), indicating reduced aeration or increased organic load. Most months hover around 4.0–5.8 mg/L, within acceptable limits but may affect sensitive aquatic life.
In all the 5 stations, pH ranged from 8.51–8.82, slightly alkaline but within WHO’s 6.5 – 8.5 range. Control had 8.38, closest to neutral. The pH range in this study (Table 1) are within the range of most aquatic ecosystem and will support rich primary productivity, shrimp and fish production Onwugbuta- Enyi, Zabbey and Erondul (2008). Menon, Kumar, Middha, Paital, Mathur, Johnson, Kademan, Usha, Hemavathi, Dayal, Ramalingam, Subaramaniyam, Sahoo and Asthana (2023), reported that pH changes induce oxidative stress and affect growth, immune function, and development in aquatic species, showing how pH impacts physiological health and functioning. The lower the pH value, the higher hydrogen ion concentration that helps in proper regulation of the fish whole system. This also means that since the control station has the pH that is closest to neutral, fishes in Ikiri River will be more active with enough dissolved oxygen than those in Orashi River. From Table 2, pH fluctuated across seasons: lowest in May (7.03), this may be as a result of possible acidic influence from runoff or decomposition and highest in June (9.65) reflecting photosynthetic activity or mineral shifts. Generally alkaline throughout the year (7.9–9.0 range), within WHO’s recommended 6.5–8.5 for drinking water (though June slightly exceeded).
As shown in Table 1, Turbidity at Stations 1 to 5 was 6.91 – 8.81NTU slightly above WHO’s <5 NTU guideline for drinking water while Control had the mean value of 2.47 NTU, much clearer. In their work on the “Impact of Human Activities on the Physico-chemistry of Ogbum-nu-abali Creek, Port Harcourt Metropolis”, Woke and Wonodi (2015) had a mean value of 8.12NTU, similar value as those in this work. Elevated values of turbidity is possibly due to runoff, erosion, or waste discharge. Extremely low in dry months (Feb, Mar, Oct, Jan): < 1 NTU — clean and clear. Massive spike in July and August: > 23–29 NTU — likely due to heavy rainfall, sediment runoff, and erosion. Drops again in October; rises slightly toward December, (Table 3).

Conclusion
In conclusion, the assessment of water quality and physico-chemical parameters in the Omoku and Ikiri Rivers of Rivers State revealed significant insights into the current environmental status of these aquatic systems. The parameters examined, including pH, temperature, turbidity, dissolved oxygen (DO), biochemical oxygen demand (BOD), conductivity, total dissolved solids (TDS), and essential ions, indicated that both rivers are affected by natural processes and human activities, such as agricultural runoff, domestic waste discharge, and potentially industrial effluents. In general, some parameters stayed within the acceptable ranges set by national and international water quality standards, while others showed signs of ecological stress and possible health risks for local communities that rely on the rivers for drinking water and fishing. For example, changes in turbidity and TDS show that there are more suspended solids and dissolved ions, which is probably due to soil erosion and waste inputs. Changes in DO and BOD, on the other hand, may show that organic pollution is harming aquatic life.
These results show how important it is to regularly check on water quality, take steps to reduce pollution, and come up with long-term plans for managing water resources. To make sure that the Omoku and Ikiri Rivers stay healthy and provide water for people and the environment, it is important to raise community awareness, enforce environmental laws, and carry out cleanup efforts.
Ethical Approval
Ethical considerations were prioritized throughout the study to ensure responsible and sustainable research practices. Ethical approval for the study was obtained from the Institution’s Research Ethics Committee, affirming that the methodology complied with established ethical guidelines.

CONFLICT OF INTEREST
The authors declared that there was no conflict of interest to this manuscript.
[bookmark: _GoBack]
[bookmark: _Hlk198031404]Disclaimer (Artificial intelligence)

Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 




REFERENCES
American Public Health Association (APHA), American Water Works Association (AWWA), & Water Environment Federation (WEF). (2017). Standard Methods for the Examination of Water and Wastewater”, 23th edition, APHA Press, Washington, DC, 1796 p. 
Akter T, Jhohura F. T, Akter F, Chowdhury T. R, Mistry S. K, Dey D, Barua M. K, Islam M. A, & Rahman M. (2016). Water quality index for measuring drinking water quality in rural Bangladesh: A cross‑sectional study. Journal of Health, Population and Nutrition, 35, Article 4. https://doi.org/10.1186/s41043‑016‑0041‑5
Andem A. B, Udofia U, Okorafor K. A, Okeke J. A, & Ugwumba A. A. A. (2012). A study on some physical and chemical characteristics of Ona River, Apata Ibadan, South-West Oyo State, Nigeria. European Journal of Ecological Research, 1(2), 44–54.
Ayed L, Etana R, Angassa K, & Getu T. (2025). Dye and chemical oxygen demand removal from textile wastewater using a scoria‑based horizontal subsurface flow constructed wetland planted with Chrysopogon zizanioides. Results in Engineering, 16, 107845. https://doi.org/10.1016/j.rineng.2025.107845
Boscolo-Galazzo F, Crichton KA, Barker S, Pearson PN. (2018). Temperature dependency of metabolic rates in the upper ocean: Positive feedback to global climate change? Global and Planetary Change;170:201-212.
Boyd CE, Boyd CE. (2020). Dissolved Solids. Water Quality: An Introduction;83 118.
Chapman, D. V. (1996). Water quality assessments: A guide to the use of biota, sediments and water in environmental monitoring (2nd ed., p. 64). Chapman & Hall.
Chindah, A. C. & Braide, A. S. (2004), The Physicochemical Quality and Phytoplankton Community of Tropical Waters, A case of 4 Biotopes in the Lower Bonny River, Niger Delta, Nigeria. Caderno de Pesquisa Ser. Bio., Santa Cruz do Sul, 16 (2): 7- 35.
Das S. (2023). Basic Physicochemical properties of water. in an introduction to water quality science: Significance and measurement protocols. Cham: Springer International Publishing;39-69.
Davies I. C, Nkuene G. S, & Awoteinm D. I. (2024). Assessing some physical and chemical characteristics of Luubara Creek in Niger Delta, Nigeria. African Journal of Environment and Natural Science Research, 7(2), 61–73.
Dimowo B. O. (2013), Assessment of Some Physico-chemical Parameters of River Ogun (Abeokuta, Ogun State, Southwestern Nigeria) in Comparison With National and International Standards, International Journal of Aquaculture, Vol.3, No.15 79-84 (doi: 10.5376/ija.2013. 03.0015).
FAO. (2023). Clean water and sanitation. Food and Agriculture Organization of the United Nations. Retrieved from https://www.fao.org/family-farming/detail/en/c/1634522/
Galadima, A., Garba, Z. N., Leke, L., Almustapha, M. N., & Adam, I. K. (2011). Domestic water pollution among local communities in Nigeria — causes and consequences. European Journal of Scientific Research, 52(4), 592–603.
Gambo J, Yusuf A. Y, Ahmed G, Garba S. A, Idris A. M, & Abdulkarim K. (2018). Causes and health effects of water pollution in domestic water sources in Hadeija Metropolis, Nigeria, using statistical modelling. Nigerian Research Journal of Chemical Sciences, 4, 1–12.
Hill D. (2017). Shadowy futures: The effect of turbidity on yellow‑eyed mullet (Aldrichetta forsteri). School of Biological Sciences, University of Canterbury, Christchurch, New Zealand
Idowu A. O, Oluremi B. B, & Odubawo K. M. (2011). Bacteriological analysis of well water samples in Sagamu. African Journal of Clinical and Experimental Microbiology, 12(2), 86–91.
Jouanneau S, Recoules L, Durand MJ, Boukabache A, Picot V, Primault Y, Thouand G. (2014). Methods for assessing biochemical oxygen demand (BOD): A review. Water Research;49:62-82.
Li J, Luo G, He L, Xu J, & Lyu J. (2018). Analytical approaches for determining chemical oxygen demand in water bodies: A review. Critical Reviews in Analytical Chemistry, 48(1), 47–65.
Lin L, Yang H, & Xu X. (2022). Effects of water pollution on human health and disease heterogeneity: A review. Frontiers in Environmental Science, 10, Article 880246. https://doi.org/10.3389/fenvs.2022.880246
Menon SV, Kumar A, Middha SK, Paital B, Mathur S, Johnson R, Kademan A, Usha T, Hemavathi KN, Dayal S, Ramalingam N, Subaramaniyam U, Sahoo DK and Asthana M. (2023). Water physicochemical factors and oxidative stress physiology in fish: A review. Frontiers in Environmental Science: 11:1240813.
Neina D. (2019). The role of soil pH in plant nutrition and soil remediation. Applied and Environmental Soil Science:1-9.
Obire O, Tamuno D. C. & Wemedo S. A. (2003).  Physico-Chemical Quality of Elechi Creek in Port Harcourt, Nigeria. Journal of Applied Science and Environmental Management 7(1): 41 – 49.
Odo S, Odo M, Anyanwu E, & Ikechukwu P. (2022). Spatial and temporal variations of physical‑chemical parameters of the Akor River in Ikwuano Local Government Area of Abia State, Nigeria. Limnology and Freshwater Biology, 2, 1217–1228.
Onwugbuta‑Enyi J, Zabbey N, & Erondu E. S. (2008). Water quality of Bodo Creek in the Lower Niger Delta Basin. Advances in Environmental Biology, 2(3), 132–136.
Onyemesili O. O, Egbueri J. C, & Ezugwu C. K. (2020). 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), 346–360.
Okogbule Wonodi A, Philip U. E, & Uchendu O. F. (2025). Physicochemical Parameters for Water‑Environment Quality Testing: A Review. International Journal of Pollution: Prevention & Control, 3(1), 08–12.
Rocha FC, Andrade EM, Lopes FB. (2015). Water quality index calculated from biological, physical and chemical attributes. Environmental Monitoring and Assessment.;187:1-15.
Rusydi, A. F. (2018). Correlation between conductivity and total dissolved solid in various type of water: A review. IOP Conference Series: Earth and Environmental Science, 118(1), 012019. https://doi.org/10.1088/1755-1315/118/1/012019
Saha N, Rahman M. S, Jolly Y. N, Kabir A. H. M. E, Salam A, & Rahman M. M. (2025). Seasonal and spatial variations of physicochemical parameters and heavy metals in interconnected Nigeria lagoons. Scientific Reports, 15, Article 22727.
Sahoo P, & Goswami S. (2024). Water pollution: Causes, impacts and current challenges. F1000Research, 13, 1298. https://doi.org/10.12688/f1000research.150004.1
Sikoki F. D, & Veen J. V. (2004). Aspects of water quality and the potential for fish production of Shiroro Reservoir, Nigeria. Livestock Systems for Sustainable Development, 2, 1–7.
Uka U.N. & Chukwuka K.S. (2007). Effect of water hyacinth infestation on the physico-chemical characteristics of AWBA Reservoir, Ibadan, Nigeria Journal of Biological Science 7(2) 282 – 287.
United Nations Environment Programme. (2016). A snapshot of the world’s water quality: Towards a global assessment. Global Environment Monitoring System (GEMS)/Water Programme. https://wedocs.unep.org/20.500.11822/19524
Woke G. N. &Wonodi O. E. (2015). Impact of Human Activities on the Physico-chemistry of Ogbum-nu-abali Creek, Port Harcourt Metropolis, Elixir Earth Science, 89 Pg. 37951-37954
Wokoma O. A. F, & Njoku K. U. (2017). Physical and chemical characteristics of the lower Sombreiro River, Niger Delta, Nigeria. Applied Science Reports, 20(1), 11–16.

World Health Organization (WHO), (2011), Guidelines for drinking water quality criteria. 4th ed. Geneva, 307-441.
Zhou L, Appiah R, Boadi E. B, Ayamba E. C, Larnyo E, & Antwi H. A. (2022). The impact of human activities on river pollution and health‑related quality of life: Evidence from Ghana. Sustainability, 14(20), 13120. https://doi.org/10.3390/su142013120




1

