


VARIATION IN WATER QUALITY OF A FRESHWATER SOURCE IN OGONI
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Wiiyaakara stream is a freshwater resource in wiiyaakara community in Ogoni, Rivers State, Nigeria. This study assessed the physicochemical properties and heavy metal concentrations of this steam under varying conditions: seasonal, spatial and disturbance conditions. Water samples were collected from drinking and non-drinking portions of the stream during the dry season (February 2025), different portions, disturbed/undisturbed conditions and rainy season (June 2025). Standard analytical procedures were used to determine pH, electrical conductivity (EC), total dissolved solids (TDS), turbidity and concentrations of cadmium (Cd), chromium (Cr), arsenic (As) and lead (Pb). EC (297–305 µS/cm), TDS (193–198 mg/L) and pH (6.28–7.80) were within WHO permissible limits for drinking water across all samples. Turbidity, however, exceeded recommended limits, particularly during the rainy season (126.6 NTU). Quantitative assessment of heavy metals showed extremely elevated concentrations of Cd (0.017–0.046 mg/L), As (0.01–0.09 mg/L) and Pb (0.091–0.262 mg/L), all far above WHO guideline values. Cr remained within safe limits and was undetected in the rainy season. Seasonal trends, disturbance comparisons and portion-based analyses all confirmed consistently high levels of Cd, As, and Pb, indicating a significant contamination source within. The findings reveal serious ecological and public health risks, rendering the stream water unsafe for human consumption and potentially hazardous for irrigation and livestock use. Immediate pollution source-tracking investigation and mitigation of contamination sources are imperative to protect the community and aquatic environment.
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1.0 INTRODUCTION 
Water covers 71% of the earth's surface but only 2.5-3% is freshwater (Ha & Schleiger, 2021; Agriculture Institute, 2023). Freshwater is naturally occurring water that contains less than 1,000 parts per million (ppm) of dissolved salt (University of California Museum of Paleontology [UCMP], 2019; Rodrigues, 2023). Freshwater sources are broadly categorized into rainfall, surface water and groundwater; surface water includes rivers, streams, lakes, ponds and wetlands (UCMP, 2019; Agriculture Institute, 2023). The suitability of water for use is dependent on its availability and quality. Water quality is a measure of the suitability of water for a particular use based on selected physical, chemical, biological and sometimes radiological characteristics (Svalbardi, 2022; Sidon Water, 2021). Water quality is evaluated through a combination of measurable parameters (physical, chemical & biological) that act as vital signs for the health of a water body (Wanimi, 2023; Svalbardi, 2022; Sinay.ai, 2021).

Water quality variation refers to the temporal and spatial changes in the physical, chemical and biological characteristics of freshwater bodies; it is not static but fluctuates over time and space (Chidiac et al., 2023). Temporal variations normally follow seasonal cycles, while spatial differences arise from catchment characteristics and point or diffuse pollution sources (Jiang et al., 2020; Hu et al., 2024). Long-term trends may reflect gradual changes in climate, land use or management practices, whereas short-term spikes frequently coincide with rainfall events, runoff or effluent discharges (Mensah-Akutteh et al., 2022; Wang et al., 2022). During wet seasons, surface runoff into water bodies raises turbidity, nutrient loads and microbial contamination while lowering dissolved oxygen (Iqbal et al., 2022; Banunle et al., 2024). Climate variables like precipitation patterns, temperature and extreme events worsen seasonal shifts (Woolway et al., 2022). Long-term studies show that climate change is already degrading freshwater quality globally through warmer water, shifted hydrological cycles and increased mobilization of contaminants (Islam and Mostafa, 2024; Dao et al., 2023). The Jabi Lake in Abuja, Nigeria, has displayed marked wet–dry season differences linked to urban runoff (Adejuwon et al., 2025).

Catchment characteristics affect the spatial heterogeneity in water quality. Geology dictates baseline hydrochemistry; carbonate-rich geology often produces harder water with higher calcium and magnesium, while silicate-dominated areas yield softer, more acidic waters (Baba & Gündüz, 2017; Wali et al., 2024). The soil type in an area is relevant as it mediates transport of pollutants with clay-rich soils offering greater retention of nutrients like phosphorus compared to sandy soils that facilitate rapid leaching (Cheng et al., 2021; Djodjic et al., 2021). Topography and hydrology further increases this transport, as steeper slopes accelerate runoff and erosion, delivering higher sediment and nutrient loads to water bodies, whereas flatter terrain promotes infiltration and natural attenuation (Deng et al., 2023; Lei, 2024). High hydrological connectivity accelerates delivery into water bodies whereas intermittent flow can cause stagnant conditions and pollutant accumulation (Wang et al., 2025). These natural factors can create a very good premise upon which human activities impose profound changes to water quality.

Human land use is a major contributor to water quality. Agriculture, a major non-point source, contributes diffuse pollution through runoff from fertilizer laden farmlands into water bodies, leading to eutrophication, algal blooms and introduction of potential toxic organic compounds (Polazzo et al., 2021; Ngoc & Trung, 2025). Urbanization adds to this through impervious surfaces that channel contaminants like heavy metals, hydrocarbons, and road salts into waterways during storm events (Wang et al., 2023). An island-wide analysis in Taiwan revealed that every 10% increase in agricultural or urban land raised river nutrient concentrations by 15–30% (Chiang et al., 2021). Deforestation leads to increased surface runoff, soil erosion and sediment load in water bodies, while also reducing the landscape's capacity to retain nutrients like nitrogen (Shah et al., 2022; Duffy et al., 2020). In Brazil’s Atlantic Forest region, catchments that lost >50% forest cover between 1985 and 2015 showed 2–4-fold higher turbidity and total phosphorus than forested reference sites (Mello et al., 2020). A shift from forest or grassland to agriculture or urban settlement consistently degrades water quality by increasing nutrient, sediment and contaminant inputs (Tahiru et al., 2020; Chiang et al., 2021). The management of waste from industries and homes also possess concerns as untreated, partially treated or even treated discharges have been linked to persistent contamination of water bodies elevating conductivity, nutrients and trace organics (Mukate et al., 2018; Ilyas et al., 2019; Van Wezel et al., 2018; Mmonwuba et al., 2023). In Owerri, Nigeria, Otamiri River downstream of industrial zones showed COD values >400 mg/L and heavy-metal enrichment (Mmonwuba et al., 2023). And the direct discharge of domestic wastewater in Dhaka Bangladesh caused ammonia to reach 35 mg/L and dissolved oxygen to drop below 2 mg/L (Hassan et al., 2023).

Both natural and anthropogenic drivers of water quality variation exist in Ogoni with an addition; introduction of complex mixture of petroleum hydrocarbons, heavy metals (e.g., lead, cadmium, nickel) and other toxic compounds into the region's soil and freshwater systems due to decades of oil exploration and frequent spillage from pipeline networks (Nwankwoala & Udom, 2018; Orish et al., 2020). There is however paucity of documented data on the conditions of freshwater ecosystems with respect to the drivers of water quality. The study on the Wiaakara stream in Ogoni is designed to address this gap by systematically analyzing the physical and chemical parameters of the stream's "drinking" and "non-drinking" portions across different seasons and in relation to a defined disturbance event. The findings will contribute essential baseline data for the status of the stream with regards to community use and inform targeted water resource managers of remediation if critical conditions are observed.

2.0 METHOD

2.1 Study Area
Wiiyaakara community is located in Khana Local Government Area in Ogoni, Rivers State, Nigeria. Ogoni is located in the southeastern part of the lower Niger Delta within the coastal and rainforest belt (Amanyie, 2001; Okon and Ogba, 2018; Unrepresented Nations and Peoples Organization, UNPO, 2017). It has two seasons; rainy and dry seasons; rain distribution ranging from 2000 – 3000 mm per annum with an average temperature of 27°C to 35°C (Peter and Ayolagha, 2012; Tanee and Albert, 2015). The vegetation of Ogoni land is characterized by mangrove swamp forest and rich rainforest (Amanyie, 2001; Okon and Ogba, 2018). The Wiiyaakara stream, a freshwater resource, is a waterway located in the Wiiyaakara community and is a station along the larger Luubara Creek system that eventually empties into the Bonny estuaries (Chinda et al., 2006; Otene et al., 2025). The community divided the stream into two portions; “drinking portion” where water for drinking is collected and “non drinking portion” where water for all other purposes is collected including bathing and swimming.

2.2 Sample Collection
Water samples were collected from wiiyaakara on stream using the direct grab method in February and June 2025. One pack (having six bottles) of 150cl La Sien water was purchased from a supermarket in Bori. Prior to water collection, the bottles were emptied of their content, capped and labelled appropriately. Under the supervision of a community guide, the stream was gently entered into. At knee level depth with gloved hands, plastic containers to be used for water collection were rinsed three times with the stream water. Two minutes after rinsing, the bottles were submerged fully and filled with the mouth slightly tilted upwards in the direction of the current. The bottles, filled to the brim, with their content were capped while still submerged.

Water samples were collected at different times and from different portions of the stream. Water samples were collected from “drinking portion” and “non drinking portion”; February for the dry season and June for the rainy season; 6:00am, 7:00am and 8:00am in the morning. Water samples were collected to reflect the following:
1. Seasonal variation: February and June
2. Before disturbance and during disturbance. Disturbance refers to periods of collection from the “drinking portion”.
3. During and after disturbance
4. From “drinking portion” and “non drinking portion”.

February 26th, 2025 water samples were collected accordingly:
1. 6:00am two samples were collected. One from “drinking portion” to serve for analysis for the dry season, drinking portion and before disturbance. The remaining one was from the “non drinking portion”.
2. 7:00am a samples was collected reflecting during disturbance 
3. 8:00am a sample was collected reflecting after disturbance.
June 11th, 2025 by 6:00am after heavy rain and in the drizzle of the rain a sample was collected to represent the rainy season.

All samples collected were kept in an ice cooler and transported to Kennule Beeson Saro-Wiwa Polytechnic for laboratory analysis.

2.3 Laboratory Analysis

2.3.1 Determination of pH
To each water sample that was gently inverted twice, 100ml was measured into a 250ml glass beaker. The electrode of a calibrated pH was immersed into the water sample for two minutes until stable reading was obtained and the value recorded. 

2.3.2 Determination of Electrical Conductivity
To each water sample that was gently inverted twice, 100ml was measured into a 250ml glass beaker. Thereafter a calibrated conductivity cell was dipped into the water sample to determine the conductivity value and recorded.

2.3.3 Determination of Total Dissolved Solids (TDS)
A portion of water for each sample was filtered out and 100ml of the filtrate was measured into a pre-weighed evaporating dish which was then dried in an oven at a temperature of 105°C for two and half hours. The dish was transferred into a desiccator and allowed to cool to room temperature and then weighed. The total dissolved solid was represented by the increase in the weight of the evaporating dish, the total dissolved solids content of the water was calculated.

Total Dissolved Solids (mg/L)= [(W2-W1) mg x 1000]/L of filtrate used.

2.3.4 Determination of Turbidity
Turbidity was measured using a standardized turbidimeter calibrated with 20, 50, and 400 NTU standards. Each sample was inverted gently four times. The vial was rinsed twice with sample water before being filled to the water mark. After filling, the vial was cleaned thoroughly with a paper towel after which it was inserted into the turbidimeter and obtained values recorded.

2.3.5 Determination of Heavy Metals
Fifty milliliters (50ml) of each water sample was transferred into a glass beaker and 1.0ml of concentrated nitric acid was added. The beaker with the contents was placed on a hot plate and evapourated down to 10ml. On cooling, it was filtered using Whatman No. 42 filter paper so as to measure all metals in the sample (total metals). The volume of the filtrate was adjusted to 50ml using distilled water. Digestion was done in triplicates for each sample. Quantitative analysis of the heavy metals (Ni, As, Cd and Cr) in the digested samples were analyzed using atomic absorption spectrophotometer (AAS) and the mean presented in the results section.

This study did not carry out source-tracking analysis, bacterial or organismal analysis. It did not carry out the assessment of metal speciation and statistical analysis.

3.0 RESULTS AND DISCUSSION

3.1 RESULTS 
The results of the physicochemical and heavy metal analysis of wiiyaakara stream water are presented in tables 1 to 8 below. These results reflect the analysis of stream water under different conditions and portions.

1. Dry and Rainy Season
Table 1: Physicochemical Analysis of Wiiyaakara Stream: Dry and Rainy Season 
	Parameters 
	Dry Season 
	Rainy Season 
	WHO Limits for
Drinking Water 

	EC (μS/cm)
	297
	297
	300

	TDS (mg/L)
	193
	193
	195

	pH
	6.50
	6.36
	7.80

	Turbidity (NTU)
	8.87
	126.6
	4.83



Table 2: Heavy Metals Analysis of Wiiyaakara Stream: Dry and Rainy Season  
	Parameters 
	Dry Season (mg/L)
	Rainy Season 
	WHO LIMITS 

	Cd
	0.017
	0.046
	0.003

	Cr
	0.010
	ND
	0.05

	As
	0.09
	Less than 0.001
	0.01

	Pb
	0.166
	0.262
	0.01



2. Before and After Disturbance 
Table 3: Physicochemical Analysis of Wiiyaakara Stream: Before and After Disturbance 
	Parameters 
	Before 
	After 
	WHO

	EC (μS/cm)
	297
	300
	400 - 1, 000

	TDS (mg/L)
	193
	195
	< 600

	pH
	6.50
	7.80
	6 5-9.5

	Turbidity (NTU)
	8.87
	9.83
	≤ 1 - 5



Table 4: Heavy Metals Analysis of Wiiyaakara Stream: Before and After Disturbance 
	Parameters 
	Before (mg/L)
	After 
	WHO

	Cd
	0.017
	0.045
	0.003

	Cr
	0.010
	0.036
	0.05

	As
	0.09
	0.040
	0.01

	Pb
	0.166
	0.190
	0.01



3. During and After Disturbance
Table 5: Physicochemical Analysis of Wiiyaakara Stream: During and After Disturbance
	Parameters 
	During 
	After 
	WHO

	EC (μS/cm)
	297
	300
	400 - 1, 000

	TDS (mg/L)
	193
	195
	< 600

	pH
	6.36
	7.80
	6 5-9.5

	Turbidity (NTU)
	8.96
	8.83
	≤ 1 - 5



Table 6: Heavy Metals Analysis of Wiiyaakara Stream: During and After Disturbance
	Parameters 
	During (mg/L)
	After  (mg/L)
	WHO LIMITS  (mg/L)

	Cd
	0.045
	0.045
	0.003

	Cr
	0.036
	0.036
	0.05

	As
	0.04
	0.04
	0.01

	Pb
	0.091
	0.190
	0.01









4. Drinking and Non Drinking Portion 
Table 7: Physicochemical Analysis of Wiiyaakara Stream: Drinking and Non Drinking Portion 
	Parameters 
	Drinking
Portion 
	Non Drinking
Portion 
	WHO Limits for Drinking Water 
	WHO Limits for Recreational (Lake/Stream Water

	EC (μS/cm)
	297
	305
	400 - 1, 000
	100 - 2, 000

	TDS (mg/L)
	193
	198
	< 600
	< 1, 000

	pH
	6.50
	6.28
	6.5 - 9.5
	6.5 - 9.0

	Turbidity (NTU)
	8.87
	8.90
	≤ 1 - 5
	< 50



Table 8: Heavy Metals Analysis of Wiiyaakara Stream: Drinking and Non Drinking Portion 
	Parameters 
	Drinking (mg/L)
	Non Drinking (mg/L)

	WHO (mg/L)


	Cd
	0.017
	0.02
	0.003

	Cr
	0.010
	0.010
	0.05

	As
	0.09
	0.01
	0.01

	Ni
	0.166
	0.181
	0.01



In dry and rainy season results are shown in Tables 1 and 2 EC (297 µS/cm), TDS (193 mg/L) and pH (6.50–6.36) were within WHO drinking water limits. Turbidity increased sharply during the rainy season (126.6 NTU). Cd, As, and Pb exceeded WHO limits in both seasons, with the highest values occurring in the rainy season.

Before–after disturbance comparisons (Tables 3 and 4) showed slight variation in physicochemical parameters. Heavy metals remained above WHO limits, with Cd increasing from 0.017 to 0.045 mg/L and Pb from 0.166 to 0.190 mg/L after disturbance.

During disturbance, pH was 6.36 and turbidity 8.96 NTU, while after disturbance pH increased to 7.80 and turbidity slightly decreased (8.83 NTU). Heavy metal concentrations remained unchanged for Cd and Cr but Pb rose sharply (0.091 to 0.190 mg/L).

EC, TDS, and pH values differed slightly between both drinking and non drinking portions, but turbidity remained similar (8.9 NTU). Heavy metals were consistently above WHO limits, with As highest in the drinking portion (0.09 mg/L).

In the water sample analysis, one water sample collected by 6:00am represented dry season, drinking portion and before disturbance. If this is represented as “Portion X”, a clear interesting presentation of comparison is established as shown in figures 1 2 and 3.


Figure 1: Physicochemical Parameters Comparison I


Figure 2: Physicochemical Parameters Comparison II





Figure 3: Heavy Metals Comparison 

3.2 DISCUSSION
For all water samples analyzed, the physicochemical parameters EC, TDS and pH are well within acceptable drinking standards suggesting weak mineralization and minimal ionic pollution. These parameters however showed slight mixed variations reflecting stable upstream hydrology. Turbidity readings are however above drinking standards, highest in the sample collected after heavy rains and in the drizzle of the rain; lowest in the sample after disturbance. Most water samples were collected from the stream when it is not subject to general disturbance. According to Iqbal et al., 2022 and Banunle et al., 2024, during wet seasons, surface runoff into water bodies raises turbidity and according to Adejuwon et al., 2025, the Jabi Lake in Abuja, Nigeria, displays marked wet–dry season differences. Wiiyaakara stream from the results presented also show marked wet-dry season difference particularly in turbidity.

The heavy metal analysis of wiiyaakara stream shows mixed results both to established standards and variations within. For all samples, chromium concentration was lower than established standards for drinking water; it was not detected in the rainy season sample. Cadmium, arsenic and lead concentrations were higher in all samples than established standards. Cadmium concentration was highest in the rainy season sample (15 times higher than WHO standard). Arsenic concentration was highest in the drinking portion (9 times higher than WHO standard). Lead was highest in the rainy season sample (17 times higher than WHO standard). Ji et al., 2020; Ekpo et al., 2025 and Hassan et al., 2023 all acknowledged that dry season with lower flow volumes and evaporation reduces dilution capacity and can lead to the concentration of heavy metals. Islam and Mostafa, 2024 and Dao et al., 2023 have also noted that climate change is already degrading freshwater quality globally through increased mobilization of contaminants. Mmonwuba et al., 2023 have also shown that in Owerri, Nigeria, Otamiri River due to industrial activities showed heavy-metal enrichment. In this study, several metals were even higher during the rainy season, implying runoff-driven mobilization or remobilization of contaminated sediments. The level of cadmium, arsenic and lead in wiiyaakara stream indicates a severe environmental and public health concern. These metals are highly toxic, persistent in the environment and bioaccumulative. At the recorded concentrations, the water is unsuitable for drinking without advanced treatment and continued use for irrigation or livestock watering may lead to metal buildup in soils and food chains.

4. CONCLUSION
Wiiyaakara stream is a valuable freshwater resource to wiiyaakara community and its immediate neighbours. Physicochemical and heavy metal analysis of this water has brought to bear both stability and pollution concerns. Results of its physicochemical analysis suggest weak mineralization, minimal ionic pollution and stable upstream hydrology as EC, TDS and pH are within acceptable drinking standards. The turbidity is however high and it is highest during heavy rain for it is suggested that the water should not be used for any during heavy rains. Its heavy metal analysis showed that chromium is below recommended drinking standards while cadmium, arsenic and lead were all above established drinking standards. Cadmium concentration was highest in the rainy season sample (15 times higher than WHO standard). Arsenic concentration was highest in the drinking portion (9 times higher than WHO standard). Lead was highest in the rainy season sample (17 times higher than WHO standard). These levels are acutely and chronically toxic to most aquatic life and are a major public health concern due to bioaccumulation up the food chain. This water is not fit for human consumption without advanced treatment. It is also a major risk if used continually for irrigation or livestock watering because of heavy metals accumulation. Because of its heavy metal concentration, it is recommended that without treatment this water should no longer be consumed by humans and its use for irrigation and watering of animals be stopped. Further studies on pollution source-tracking analysis, assessment of metal speciation and proper hydrogeology of the stream be conducted.
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Physicochemical Parameters EC and TDS Comparison 

Portion X 	
EC (μS/cm)	TDS (mg/L)	297	193	During Disturbance 	
EC (μS/cm)	TDS (mg/L)	297	193	After Disturbance 	
EC (μS/cm)	TDS (mg/L)	300	195	Non Drinking Portion 	
EC (μS/cm)	TDS (mg/L)	305	198	Rainy Season 	
EC (μS/cm)	TDS (mg/L)	297	193	WHO	
EC (μS/cm)	TDS (mg/L)	400	600	


Physicochemical Parameters pH and Turbidity Comparison 

Portion X 	
pH	Turbidity 	6.5	8.8699999999999992	During Disturbance 	
pH	Turbidity 	6.36	8.9600000000000009	After Disturbance 	
pH	Turbidity 	7.8	8.83	Non Drinking Portion 	
pH	Turbidity 	6.28	8.9	Rainy Season 	
pH	Turbidity 	6.36	129.6	WHO	
pH	Turbidity 	9.5	5	


Heavy Metals Comparison 

Portion X	Cd (mg/L)	Cr (mg/L)	As (mg/L)	Pb (mg/L)	1.7000000000000001E-2	0.01	0.09	0.16600000000000001	During Disturbance 	Cd (mg/L)	Cr (mg/L)	As (mg/L)	Pb (mg/L)	4.4999999999999998E-2	3.5999999999999997E-2	0.04	9.0999999999999998E-2	After Disturbance 	Cd (mg/L)	Cr (mg/L)	As (mg/L)	Pb (mg/L)	4.4999999999999998E-2	3.5999999999999997E-2	0.04	0.19	Non Drinking Portion 	Cd (mg/L)	Cr (mg/L)	As (mg/L)	Pb (mg/L)	0.02	0.01	0.01	0.18099999999999999	Rainy Season 	Cd (mg/L)	Cr (mg/L)	As (mg/L)	Pb (mg/L)	4.5999999999999999E-2	0.26200000000000001	WHO	Cd (mg/L)	Cr (mg/L)	As (mg/L)	Pb (mg/L)	3.0000000000000001E-3	0.05	0.01	0.01	






