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[bookmark: _Toc226959979]Abstract
Surface water quality in the Woji River, Port Harcourt, Rivers State, Nigeria, was assessed using selected physicochemical parameters and trace metal concentrations. Six surface water samples were collected from different points along the river and analysed using standard laboratory procedures. The measured physicochemical parameters showed spatial variation across the sampling points. The pH ranged from 4.0 to 4.8, indicating acidic conditions. Electrical conductivity ranged from 210.1 to 2817 µS/cm, while salinity varied from 3.5 to 5.1%. Alkalinity ranged from 350 to 403 mg/L, chloride from 385.8 to 458 mg/L, nitrate from 2.5 to 3.5 mg/L, phosphate from 0.7 to 1.5 mg/L, and hardness from 208.6 to 320.3 mg/L. Total organic matter ranged from 18.5 to 26.0%, total organic carbon from 10.7 to 15.0%, nitrogen from 2.1 to 3.2%, and oil and grease from 7.671 to 20.43 mg/L. Trace metal concentrations varied among the sampling points, with copper ranging from 0.005 to 0.012 ppm, cadmium from 0.035 to 0.057 ppm, iron from 0.088 to 0.120 ppm, lead from 0.065 to 0.080 ppm, chromium from 0.015 to 0.031 ppm, cobalt from 0.175 to 0.219 ppm, vanadium from 0.081 to 0.112 ppm, potassium from 35.561 to 56.988 ppm, and nickel from 0.010 to 0.100 ppm. Comparison with the guideline limits used in the study showed that pH, electrical conductivity, chloride, oil and grease, cadmium, lead, cobalt, vanadium, and nickel were of concern at one or more sampling points. The findings indicate that Woji River is affected by anthropogenic inputs and requires regular monitoring to support environmental management.
[bookmark: _Toc225233608][bookmark: _Toc226959980]1.INTRODUCTION
Water is one of the essential natural resources. Waste management poor, human congestion and ill regulated industries in most of the developing countries bring about high load of pollutants to rivers (Nubi et al., 2024) which affects the physicochemical properties and causes increasing sedimentation, pollutants loads and loss of species inside and along urban and peri-urban rivers and render them unable for use at household and industry (Ndubuisi et al., 2025). It is essential for the sustainability of agriculture, industry, households, transportation and aquatic species. The part played by water in socio-economic development process is its use suitability for sustainable development processes, sustainable climate status, living environments and livelihoods process, farming process, moisture balance and climate budget in urban neighborhoods (Uwa-Samuel, 2024).
Natural water composition varies depending on geology and climate, but population growth and rapid industrialization along with increase in generation of wastes cause world-wide deteriorating of the quality of water (Chashoo et al., 2024; UNEP, 2020). The water pollutants are transported by the rivers that reflects the state of the watershed environment (Singh et al., 2024). As a result of heavy populations, lack of proper disposal of wastes, with perhaps less regulated industries, waters are significantly polluted and become unfit for consumption especially in developing countries (Nubi et al., 2024; Ndubuisi et al., 2025). Some of these pollutions are point sources from factories (industrial effluents) while some are non-point sources (agronomic waste) (Hou et al., 2022; Nubi et al., 2024; Bolade et al., 2025). The most significant toxic pollutant in water body, includes lead, and cadmium, are toxic heavy metals.
The Niger Delta is the industrial heartland of Nigeria and suffers significant environmental pollution as a result of the rapid development of oil exploration and refining industries as well as numerous other activities such as manufacturing and slaughterhouses. The rapid development of these sectors together with urban waste resulted in an increased pollutant load into the aquatic environment around Port Harcourt and surrounding areas (Nkwoji et al., 2019; Onyena et al., 2024). Substantial quantities of waste oil and non-treated industrial and domestic effluence, including heavy metals, are discharged into nearby rivers and creeks (Ola et al., 2024). Such pollutants not only reduce the quality of water and facilitates bio-accumulation of toxins in aquatic organisms leading to a range of ecotoxicological effects and human health implications, but heavy metals in particular are known for their non-biodegradable nature and tendency to transfer through food chains, hence causing long term effects (Oseji et al., 2024).
[bookmark: _Toc225233633][bookmark: _Toc226960021]Woji River serves as a primary receiving body of both urban and industrial waste. This creek passes through industrial areas of Port Harcourt, which receive pollution from domestic sewage, slaughterhouse waste, industrial effluents and oil contamination, affecting both water and sediment quality (Iyama, 2020). As a result, levels of heavy metals, including lead, cadmium, copper, iron and chromium pose ecological risk. Thus, the aim of this study is to investigate the pollution status of water in Woji River, Port Harcourt.
2. MATERIALS AND METHODS
[bookmark: _Toc225233634][bookmark: _Toc226960022]2.1 Study Region, Sample Collection and Analysis
The study took place along the Woji River in Port Harcourt, Rivers State, Nigeria. This river is a tidal freshwater system that flows through heavily populated and industrial areas before joining the larger Bonny River system. Woji River is located roughly between latitudes 4°48′N and 4°52′N and longitudes 7°00′E and 7°05′E. It is affected by the humid tropical climate typical of the Niger Delta region. The area experiences high rainfall, averaging between 2,000 and 2,500 mm each year. There is a long-wet season from March to November and a short dry season from December to February. Average annual temperatures range from 26°C to 32°C, and relative humidity often exceeds 80%. These climate conditions lead to heavy surface runoff, which carries contaminants from the surrounding areas into the river.
A total of twelve (6) samples were collected from the Woji River. Surface water samples were collected at a depth of 0–100 cm, using pre-cleaned polyethylene bottles. All samples were labelled with a sampling code, location, date, and time of collection. They were then transported to the laboratory and stored under proper conditions before analysis.
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Figure 1: Map showing Woji River
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[bookmark: _Toc225233640][bookmark: _Toc226960028]2. 1. 1 Determination of Physicochemical Properties 
Temperature: The temperature of the water sample was measured using a calibrated thermometer. A portion of the sample was placed in a clean container, and the thermometer was inserted without touching the sides. The reading was recorded in degrees Celsius (°C) once it stabilized.
pH: Measured using a calibrated bench-top pH meter standardized using buffer solutions (pH 4.0, 7.0 and 9.0). Around 100mL sample was analyzed after rinsing the electrode. Readings were taken and recorded once stable.
Total alkalinity: This was calculated by the titration of measured volume of sample with standard sulfuric acid with bromcresol green indicator until color change from blue to yellow (pH 4.5). The endpoint was observed with pH meter for turbid samples. 
Chloride: Chloride concentration was calculated using Mohr argentometric method, sample was titrated against standard silver nitrate solution with potassium chromate indicator until a pinkish yellow color obtained; also conducted blank. 
Total hardness: Total hardness was calculated using EDTA titrimetric method, with the sample titrated at pH 10 with Eriochrome Black T indicator, color changed from wine-red to blue was recorded as endpoint.
Electrical conductivity (EC): Measured using a conductivity meter calibrated using standard solutions. The electrode was inserted into a 100mL sample. Readings taken and recorded in S/cm once stable.
Salinity: Gravimetric evaporation method was used. Container was weighed, approximately 10mL of sample was added, then re-weighed. After evaporation in an oven and cooling in a desiccator, weight of residue was determined by difference between final and initial container weights.
Salinity was calculated as:
Salinity =  ………………………………… (3.1)
Phosphate: Ascorbic acid colorimetric method (IS:3025-31-1988) was used. Standards were prepared to obtain a calibration curve. Samples were mixed with combined reagent to develop a blue colour, then absorbance measured at 880 nm using a spectrophotometer, concentrations determined from calibration curve.
Nitrate: Brucine-sulfanilic acid method (Method 352.1) was used. Sample was neutralized, then mixed with sulfuric acid and brucine reagent then heated. After cooling colour development the absorbance was measured at 410nm and concentration determined using calibration standards.
Total Organic Carbon (TOC): Walkley-Black wet oxidation method was used. Organic matter oxidized by potassium dichromate and sulfuric acid. Excess dichromate then titrated with ferrous ammonium sulfate using ferroin indicator. 
Heavy metals (K, Ni, Co, Cr, Cd, Fe, Pb, Cr, V): Atomic Absorption Spectrophotometry (AAS) used following APHA methods.; for water samples, the process was simplified. Calibration curves and blanks and standards are used to ensure results are accurate, and reported in mg/L or mg/kg.
[bookmark: _Toc225233660][bookmark: _Toc226960048]2. 3 Data Analysis
All experimental data were subjected to descriptive statistical analysis. Mean concentrations of the results were calculated and presented in a table.
[bookmark: _Toc225233663][bookmark: _Toc226960051]3. Results and discussion
Table 1: The physiochemical properties of water samples from Woji River
	Parameters
	Point 1
	Point 2
	Point 3
	Point 4
	Point 5
	Point 6
	Mean ± SD
	WHO / FEPA Standard

	pH
	4.0
	4.2
	4.4
	4.8
	4.6
	4.5
	4.42 ± 0.29
	6.5 – 8.5

	Temperature (°C)
	28.0
	27.5
	28.0
	28.5
	28.0
	27.0
	27.83 ± 0.52
	NS

	E.C (µS/cm)
	2817
	2508
	210.1
	2021
	1985
	1901
	1907.02 ± 904.20
	≤ 1000

	Salinity (%)
	5.1
	4.5
	4.0
	3.5
	4.0
	3.8
	4.15 ± 0.57
	NS

	Alkalinity (mg/L)
	350
	361.3
	370.5
	403
	380.1
	375
	373.32 ± 18.03
	≤ 500

	Chloride (mg/L)
	458
	420.5
	385.8
	450
	400.1
	420.5
	422.48 ± 27.83
	≤ 250

	Nitrate (mg/L)
	3.1
	2.8
	2.5
	3.0
	2.8
	3.5
	2.95 ± 0.34
	≤ 50

	Phosphate (mg/L)
	0.9
	1.0
	0.8
	0.7
	1.2
	1.5
	1.02 ± 0.29
	≤ 5.0

	TOM (%)
	26.0
	23.4
	19.0
	18.5
	21.6
	20.7
	21.53 ± 2.82
	NS

	TOC (%)
	15.0
	13.5
	11.0
	10.7
	12.5
	12.0
	12.45 ± 1.61
	NS

	Hardness (mg/L)
	320.3
	280
	310.5
	250.1
	285.8
	208.6
	275.88 ± 41.18
	≤ 500

	Nitrogen (%)
	3.2
	2.5
	2.8
	2.2
	2.5
	2.1
	2.55 ± 0.40
	NS

	Oil & Grease (mg/L)
	20.43
	12.45
	10.34
	7.671
	15.34
	18.32
	14.09 ± 4.85
	≤ 10


Values are presented in Mean ± SD; NS - Not specified.




Table.2: Heavy metal concentration in water samples from Woji River
	Parameters
	Point 1
	Point 2
	Point 3
	Point 4
	Point 5
	Point 6
	Mean ± SD
	WHO / FEPA Standard

	Copper (ppm)
	0.012
	0.008
	0.005
	0.006
	0.007
	0.009
	0.008 ± 0.002
	≤ 2.0 mg/L

	Cadmium (ppm)
	0.057
	0.05
	0.045
	0.04
	0.035
	0.048
	0.046 ± 0.008
	≤ 0.003 mg/L

	Iron (ppm)
	0.103
	0.12
	0.11
	0.095
	0.088
	0.09
	0.10 ± 0.01
	≤ 0.3 mg/L

	Lead (ppm)
	0.077
	0.071
	0.07
	0.075
	0.065
	0.08
	0.073 ± 0.005
	≤ 0.01 mg/L

	Chromium (ppm)
	0.031
	0.028
	0.02
	0.015
	0.025
	0.02
	0.023 ± 0.006
	≤ 0.05 mg/L

	Cobalt (ppm)
	0.219
	0.201
	0.21
	0.18
	0.175
	0.185
	0.195 ± 0.018
	≤ 0.05 mg/L

	Vanadium (ppm)
	0.112
	0.101
	0.093
	0.087
	0.081
	0.09
	0.094 ± 0.011
	≤ 0.05 mg/L

	Potassium (ppm)
	56.988
	50.52
	45.1
	40.3
	43.52
	35.561
	45.33 ± 7.58
	NS

	Nickel (ppm)
	0.015
	0.01
	0.017
	0.011
	0.012
	0.1
	0.028 ± 0.036
	≤ 0.02 mg/L


[bookmark: _Toc225233664]Values are presented in Mean ± SD; NS - Not specified.
[bookmark: _Toc226960052]3.2 Discussion of the Findings
This study assessed the pollution status of water in Woji River, Port Harcourt. The findings provide critical insights into the environmental quality of the river system and the extent of anthropogenic influence, particularly in relation to industrialization, urban runoff, and petroleum-related activities typical of the Niger Delta region.
[bookmark: _Toc225233665][bookmark: _Toc226960053]3.2.1 Physicochemical Characteristics of Water Samples
The WHO and FEPA standard limit for pH in surface waters is between 6.5-8.5. The electric conductivity values of 1907.02± 904.20 µS/cm was above the WHO drinking water value guideline value 1000 µS/cm, indicated high concentration of ionic contents in water body. Surface water that is acidic can occur as result of industrial effluent discharge, acid rain, petroleum hydrocarbon decomposition and decomposition of organic matter (Akinpelumi et al., 2025). Similar low pH values were recorded by Dibofori-Orji et al. (2019) for Woji Creek, and Wogu & Goodhead (2025) for some other Nigerian Niger Delta rivers receiving effluents from industries.
The WHO and FEPA do not set any specific recommended value limit for temperature of surface waters, although temperature changes should not be in such a degree as to cause any significant difference from the natural receiving water. The recorded values for water temperatures (27.83 ± 0.52 C) were consistent with values typically recorded in the normal range for tropical aquatic ecosystems and agreed with what has been reported in studies in southern Nigeria rivers (Akankali et al., 2022). Even though there is no limit recommended, the temperature value can affect the values of dissolved oxygen, and the rate of metabolism of aquatic organisms. The value indicates that there is little thermal pollution at the study location.
The WHO guideline value recommended for electric conductivity of drinking water is 1000 µS/cm, similarly FEPA recommend surface water electric conductivity should be less than this value. The electric conductivity values (1907.02 ± 904.20 µS/cm) were higher than the WHO guideline value of 1000 µS/cm for drinking waters, this showed high ionic contents of the water body. Electric conductivity is usually attributed to urban runoff, industrial discharge, salinity intrusion from brackish or saline water, especially if it is in an estuarine system (Mohammed & Scholz, 2018). The high salinity value (4.15 ± 0.57 %) indicates more influence of tidal influx of the salinity and the anthropogenic factor in the study location like other Nigerian Niger Delta rivers (Numbere et al., 2023).
Total alkalinity limit as recommended by WHO and FEPA for surface water is not greater than 500mg/L. Values (373.32 18.03mg/L) obtained was within accepted range; This means the buffering capacity of the water is able to cope with quick pH fluctuations. The WHO guideline value for chloride in drinking water is 250 mg/L and this is the same standard used by FEPA for the surface water quality assessment. Chloride concentration (422.48 27.83mg/L) was however above the WHO guideline value of 250mg/L suggesting possible intrusion from industrial wastes, sewage discharge and saline waters (Monira et al., 2024).
WHO guideline value for chloride in drinking water is 50mg/L while phosphate is generally expected to be less than 5 mg/L so that eutrophication of surface waters would not occur. Values (2.95 0.34mg/L and 1.02 0.29mg/L) obtained for nutrient parameters (nitrate and phosphate) are within limit values, thus indicates minimal nutrient pollution and the possibility of low risk of eutrophication; this contrasts with reports of nutrient loading in agricultural regions of dense farming activities (Ahmed et al., 2024). FEPA guideline for surface water quality for oil and grease is 10mg/L. The observed values (14.09 4.85mg/L) for oil and grease are above the FEPA limit of 10 mg/L; this clearly demonstrates hydrocarbon contamination of surface waters and typical of oil producing region like the Niger Delta (Oyebamiji, 2024). Presence of Oil and grease also minimizes transfer of oxygen at the air-water interface.
[bookmark: _Toc225233667][bookmark: _Toc226960055]3.2.2 Heavy Metals in Water
The amounts of heavy metals in Woji river samples shown on Table 3 have varied degrees of non-compliance and exceed WHO/FEPA standards indicating large proportions of inputs of the contaminants that have affected the river. In the analysis of samples of Woji River, the Copper (0.008 0.002ppm) concentration is far below the WHO value (2.0mg/L), indicating that Copper is not a concern regarding pollution of the river water. It was observed also that lower value of copper concentration was recorded in the surface waters of urban river of the Niger Delta where factors such as poor level of industrial inputs and strong diluting power of the river water are prevailing (Edori & Kpee, 2020; Akinpelumi et al., 2025). Unlike the above results is Cadmium (0.046 0.008ppm) concentration which is more than one order higher than the WHO/FEPA values (0.003mg/L). It is well established that cadmium is an extremely toxic non-essential metal commonly found in numerous sources like industrial effluents, petroleum refinery, used batteries and urban run-off (Edo et al., 2024; Ali et al., 2019). In fact, higher concentration of Cd has been reported in the surface water of Rivers State and many other oil-bearing states in Nigeria (Ameh et al., 2023; Ojekunle et al., 2023) and poses a serious health threat to both aquatic life and man due to its bioaccumulative effect.
The concentration of Fe (0.10 0.01ppm) was below WHO recommended limits (0.3mg/L). This would indicate that the source of Fe present in the river is geogenic and it is unlikely to be impacted by human activity. Similar levels were recorded for other river in the southern part of Nigeria (Edegbene et al., 2020). The concentration of Pb (0.073 0.005ppm) was found to exceed the WHO recommended limits by a significantly greater margin. Pb concentration in surface waters has been attributed to automotive emission, waste disposal, industrial wastewater and the oil and gas industry (Adewumi & Laniyan, 2020). Elevated concentrations of Pb have been recorded in many recently reported Nigerian Delta rivers when compared to WHO standard limits and poses potential chronic intake exposure risk through drinking water and fish consumption (Akinwumiju et al., 2023). The Cr (0.023 0.006ppm) concentrations found are below the WHO limits (0.05mg/L). Recent coastal river analysis from southern Nigeria show a similar trend with a relatively low Cr concentration, presumably because this area of Nigeria uses very little chromium (Olowoyo et al., 2026; Ezenwaji et al., 2024). Both Co (0.195 0.018ppm) and V (0.094 0.011ppm) were found to be above the recommended limits (0.05mg/L). Co and V levels in aquatic environments are often directly related to oil, refinery effluents and fossil fuel combustion (ATSDR, 2022) and high levels of both were detected in a recently reported oil contaminated Niger Delta river (Umeoguaju et al., 2022).
Nickel concentration (0.028 ± 0.036 ppm) also exceeded the WHO permissible limit of 0.02 mg/L. Nickel contamination in water bodies has been linked to oil spills, industrial waste, and corrosion of metallic infrastructure (Ojekunle et al., 2020). Similar exceedances have been observed in surface waters around Port Harcourt and its environs (Adekola et al., 2021).
Conclusions
The study assessed the physicochemical characteristics and trace metal concentrations of surface water from Woji River in Port Harcourt, Rivers State, Nigeria. The results showed that the river water was acidic, with pH values below the guideline range used in the study. Elevated electrical conductivity and chloride concentrations indicated increased ionic content, while oil and grease levels exceeded the stated limit at several sampling points. Nitrate, phosphate, alkalinity, and hardness were within the guideline limits presented in the manuscript. Among the trace metals, copper, iron, and chromium were below the stated permissible limits, whereas cadmium, lead, cobalt, vanadium, and nickel exceeded their respective limits. These findings suggest that the river is influenced by anthropogenic activities, including urban runoff, domestic waste discharge, industrial inputs, and possible petroleum-related contamination. The observed exceedances may affect the suitability of the river for domestic, ecological, and other uses without adequate treatment or management. Continuous monitoring, improved waste control, and stricter regulation of discharges into the river are therefore necessary to reduce further deterioration of water quality.
Limitations
This study was limited to six surface water samples collected from Woji River, and the results therefore provide only a snapshot of water quality at the time of sampling. Seasonal variation was not assessed, although rainfall, tidal influence, runoff, and dry-season concentration effects may influence physicochemical parameters and trace metal levels in the river. The study focused on selected physicochemical properties and trace metals, but did not include microbiological quality, organic contaminants, sediment chemistry, or bioaccumulation in aquatic organisms. The manuscript also did not provide detailed quality assurance and quality control information, such as detection limits, recovery values, replicate analysis, or certified reference material results. These limitations should be considered when interpreting the findings. Further studies covering wet and dry seasons, additional sampling points, sediment analysis, and ecological risk assessment would provide a more comprehensive understanding of pollution status in Woji River.
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