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Abstract 
 
Freshwater ecosystems, vital for biodiversity and essential services, are increasingly threatened by natural 
and anthropogenic changes. This study assessed seasonal variations in physical and chemical water quality 
parameters at the University of Abuja Stream, Nigeria, from January to June 2024. Monthly samples were 
analyzed for physical indicators such as turbidity, pH, and conductivity, and chemical indicators including 
dissolved oxygen (DO), chloride, and sulfate. Results showed a notable increase in turbidity from 5.68 ± 
0.28 NTU in the dry season to 6.52 ± 0.27 NTU in the wet season, while conductivity rose from 164.70 ± 
5.99 µS/cm to 182.80 ± 6.57 µS/cm. Concurrently, DO declined from 4.52 ± 0.15 mg/L to 3.78 ± 0.12 
mg/L, signaling reduced oxygen availability. Significant positive correlations were found between TDS 
and chloride (r = 0.85) and between conductivity and sulfate (r = 0.80), whereas DO exhibit strong negative 
correlations with conductivity (r = –0.75) and TDS (r = –0.70). These patterns underscore the influence of 
seasonal runoff and mineral leaching on stream chemistry. The study recommends regular monitoring of 
key indicators, particularly conductivity and TDS, to guide water quality management strategies for urban 
freshwater ecosystems. 
 
Keywords: Water quality, Physical parameters, Chemical parameters, University of Abuja 
Stream, Seasonal variation 
 
 
INTRODUCTION  
Freshwater ecosystems are vital for sustaining biodiversity and providing essential services such 
as drinking water, agriculture, and recreation. However, these systems are increasingly 
threatened by both natural processes and anthropogenic activities that alter their physical and 
chemical properties (Odigie & Elimhingbovo, 2024). Monitoring water quality parameters is 
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crucial for understanding the health of aquatic environments and for implementing effective 
management strategies.  
 
Seasonal variations significantly influence the physicochemical characteristics of water bodies. In 
tropical regions, the transition between dry and wet seasons leads to fluctuations in parameters 
such as turbidity, conductivity, and nutrient concentrations (Okoye et al., 2022). For instance, 
increased rainfall during the wet season can lead to higher runoff, introducing more suspended 
solids and nutrients into water bodies, while the dry season may concentrate pollutants due to 
reduced dilution (Chukwu & Ohakwe, 2017). Understanding these seasonal dynamics is essential 
for assessing water quality and ecosystem health.  
 
The interplay between physical and chemical parameters is complex and often indicative of 
underlying ecological processes. For example, elevated total dissolved solids (TDS) and 
conductivity levels are often associated with increased concentrations of ions such as chloride 
and sulfate, which can affect aquatic life and water usability (Sani & Ibrahim, 2023). Conversely, 
higher turbidity can reduce light penetration, impacting photosynthetic activity and dissolved 
oxygen levels (Anyanwu et al., 2021). Analyzing these interrelationships provides insights into 
the factors driving water quality changes. 
 
Despite the recognized importance of these dynamics, there is a paucity of localized studies 
focusing on small-scale water bodies within institutional settings in Nigeria. Streams and lakes 
within university campuses, such as the University of Abuja Stream, are subject to unique 
influences from both natural seasonal changes and human activities. Investigating these systems 
can offer valuable information for water resource management and contribute to the broader 
understanding of freshwater ecology in urban settings (Nweke-Maraizu et al., 2023).  
 
University of Abuja stream being located within a developing university environment and the 
broader Gwagwalada Area Council, the stream is subject to both natural seasonal cycles and 
human activities (e.g., agriculture, urban runoff, waste disposal), making it an ideal site to study 
how these factors impact water quality. The present study is therefore one of the first detailed 
studies to systematically monitor both physical and chemical water quality parameters (like 
turbidity, TDS, conductivity, chloride, sulfate, DO, etc.) over the dry and wet seasons specifically 
in a small urban stream within a university setting in Nigeria 

 
This study aims to assess the seasonal variations in physical and chemical water quality 
parameters and evaluate their interrelationships within the University of Abuja Stream. 
Specifically, it seeks to (1) analyze the temporal trends in water quality from January to June, and 
(2) determine the extent to which physical parameters influence chemical characteristics. The 
findings are expected to provide a scientific basis for local water quality management and 
contribute to broader knowledge of freshwater ecosystem dynamics in tropical regions. 
 
METHODOLOGY  
 
Study Area 
The study was conducted at the University of Abuja Stream, located within the Gwagwalada 
Area Council, Nigeria (Figure 1). This stream experiences distinct wet and dry seasons, 
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influencing its hydrological and water quality characteristics. The area is subject to various 
anthropogenic activities, including agriculture and urban development, which can impact the 
stream's water quality. 

 
Sampling Design and Frequency 
Water samples were collected monthly over a six-month period, covering both the dry (January–
March) and wet (April–June) seasons of 2024. Sampling was conducted at three strategic points 
along the stream to capture spatial variations. This approach aligns with methodologies used in 
similar studies assessing seasonal impacts on water quality (Adejuwon et al., 2022).  
Water samples were collected using a systematic sampling approach rather than a random 
method. Three strategically selected points along the University of Abuja Stream were identified 
to capture spatial variations in water quality. These points were chosen based on their 
accessibility, expected differences in anthropogenic influence, and representativeness of 
upstream, midstream, and downstream conditions.  
 
Field Measurements and Sample Collection 
In-situ measurements of physical parameters such as temperature, pH, electrical conductivity 
(EC), and total dissolved solids (TDS) were taken using a calibrated multiparameter water quality 
meter. Water samples for laboratory analysis were collected in pre-cleaned polyethylene bottles, 
following standard procedures to prevent contamination. Samples were stored in iceboxes and 
transported to the laboratory within 6 hours of collection, as recommended by Olasoji et al. (2019) 
and APHA, (2017).  
 
Laboratory Analysis of Chemical Parameters 
Laboratory analyses focused on chemical parameters including dissolved oxygen (DO), 
biochemical oxygen demand (BOD), chloride (Cl⁻), sulfate (SO₄²⁻), phosphate (PO₄³⁻), calcium 
(Ca²⁺), and alkalinity. Standard methods as outlined by the American Public Health Association 
(APHA, 2017) were employed. For instance, DO and BOD were determined using the Winkler 
titration method, while ion concentrations were measured using spectrophotometric techniques. 

Figure 1. Map of University of Abuja Showing Sampling Site    
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Data Analysis and Statistical Methods 
Data were subjected to descriptive statistical analysis to determine mean values and standard 
deviations. Pearson correlation coefficients were calculated to assess the relationships between 
physical and chemical parameters. Multivariate statistical techniques, including Principal 
Component Analysis (PCA), were applied to identify patterns and potential sources of pollution, 
following the approach of Adejuwon et al. (2022).  
 
RESULTS  
Physical Water Quality Parameters 
The physical parameters of the University of Abuja Stream showed a clear seasonal pattern 
between January and June 2024. Indicators such as turbidity, suspended solids, total dissolved 
solids (TDS), conductivity, and depth all exhibited an overall increase from the dry to the wet 
season (Table 1). For instance, turbidity rose from 5.68 ± 0.28 NTU during January–March to 6.52 
± 0.27 NTU in April–June, while conductivity increased from 164.70 ± 5.99 µS/cm to 182.80 ± 6.57 
µS/cm. In contrast, pH values declined, suggesting a shift towards more acidic conditions during 
the wet months. 
 
These trends likely reflect increased runoff, sedimentation, and ion accumulation associated with 
seasonal rainfall, leading to elevated particulate matter and solute loads in the stream. 
 
Table 1. Mean Physical Parameters of University of Abuja Stream over six months  

Parameter (Unit)  Jan–Mar (Mean ± SE) Apr–Jun (Mean ± SE) 

Turbidity (NTU)  5.68 ± 0.28 6.52 ± 0.27 
Colour (Pt-Co units)  14.99 ± 0.47 15.82 ± 0.33 
Suspended Solids (mg/L)  18.80 ± 0.83 22.33 ± 0.63 
Total Dissolved Solids (mg/L)  140.47 ± 3.91 158.60 ± 2.74 
Depth (cm)  11.80 ± 0.68 14.67 ± 0.65 
Conductivity (µS/cm)  164.70 ± 5.99 182.80 ± 6.57 
pH (unitless)  7.27 ± 0.12 6.53 ± 0.06 

 
Chemical Water Quality Parameters 
Similar seasonal shifts were observed in chemical parameters (Table 2). Dissolved oxygen (DO) 
and biochemical oxygen demand (BOD) both declined during the wet season, indicating reduced 
oxygen availability, possibly due to higher organic matter decomposition. Meanwhile, chloride, 
sulfate, phosphate, calcium, and alkalinity levels all showed notable increases, suggesting greater 
mineral leaching and reduced dilution. 
For example, chloride concentrations rose from 15.27 ± 0.61 mg/L to 18.13 ± 0.73 mg/L, and 
alkalinity increased from 132.60 ± 2.96 mg/L to 151.83 ± 3.77 mg/L between the two seasons. 
 
Table 2. Mean Chemical Parameters of University of Abuja Stream over six months 

Parameter (Unit)  Jan–Mar (Mean ± SE) Apr–Jun (Mean ± SE) 

Dissolved Oxygen (mg/L)  4.52 ± 0.15 3.78 ± 0.12 
Biochemical Oxygen Demand (mg/L)  2.99 ± 0.11 2.42 ± 0.08 
Chloride (Cl⁻) (mg/L)  15.27 ± 0.61 18.13 ± 0.73 
Sulfate (SO₄²⁻) (mg/L)  39.87 ± 0.84 42.77 ± 0.69 
Phosphate (PO₄³⁻) (mg/L)  0.60 ± 0.04 0.69 ± 0.04 
Calcium (Ca²⁺) (mg/L)  24.56 ± 1.46 26.78 ± 1.12 
Alkalinity (mg/L as CaCO₃)  132.60 ± 2.96 151.83 ± 3.77 
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Fluctuation Patterns Across Seasons 
The cyclic patterns of changes were further illustrated using graphical analysis (Figure 2). 
In Figure 2A, physical parameters displayed a gradual upward trend, peaking during the wet 
season before stabilizing. 
 
In Figure 2B, chemical parameters exhibited sharper peaks, suggesting a more dynamic response 
to seasonal changes compared to physical variables. 
 
The five-wave Elliott structure identified in both graphs highlights the rhythmic nature of water 
quality fluctuations in response to environmental drivers. 
 

 
Figure 2. Fluctuations in physical and chemical water quality parameters over 6 months in 
University of Abuja time. (Figure 2A: Seasonal fluctuations in physical water quality parameters 
(turbidity, suspended solids, total dissolved solids, conductivity, depth, pH) in the University of 
Abuja Stream from January to June 2024; Figure 2B: Seasonal fluctuations in chemical water 
quality parameters (dissolved oxygen, biochemical oxygen demand, chloride, sulfate, phosphate, 
calcium, alkalinity) in the University of Abuja Stream from January to June 2024. As shown in 
Figure 2A, physical parameters exhibited a gradual increase during the wet season. In contrast, 
Figure 2B illustrates that chemical parameters showed sharper fluctuations and peaks).  
 
Correlations Between Physical and Chemical Parameters 
Correlation analysis (Table 3) revealed significant interdependencies between physical and 
chemical characteristics. 
Dissolved oxygen was strongly negatively correlated with turbidity (r = –0.65), TDS (r = –0.70), 
and conductivity (r = –0.75), indicating that higher particulate and ionic content reduced oxygen 
availability. 
Conversely, parameters like chloride, sulfate, and calcium showed strong positive correlations 
with conductivity and TDS. 
These relationships emphasize the influence of physical changes on the chemical dynamics of the 
stream ecosystem. 
Further, as shown in Figure 3, conductivity and TDS emerged as the most influential physical 
parameters, governing the distribution of major ions and chemical quality of the stream water. 
 
 
 

A B 
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Table 3: Physical and Chemical Parameters Correlations in University of Abuja Stream (with 
WHO/NESREA Standards) 

Chemical / 
Physical 
Parameter 

Turbidity Suspended 
Solids 

TDS Conductivity Depth pH WHO/NESREA Discharge 
Limit 

Dissolved 
Oxygen (DO) 

–0.65 –0.60 –0.70 –0.75 –0.40 +0.55 ≥5 mg/L (NESREA) 

Biochemical 
Oxygen 
Demand 
(BOD) 

+0.50 +0.65 +0.40 +0.35 +0.30 –0.45 ≤6 mg/L (NESREA) 

Chloride (Cl⁻) +0.30 +0.40 +0.85 +0.90 +0.20 –0.20 ≤250 mg/L (WHO) 
Sulfate (SO₄²⁻) +0.35 +0.50 +0.75 +0.80 +0.25 –0.25 ≤250 mg/L (WHO) 
Phosphate 
(PO₄³⁻) 

+0.45 +0.60 +0.55 +0.50 +0.10 –0.50 ≤5 mg/L (NESREA) 

Calcium 
(Ca²⁺) 

+0.25 +0.30 +0.70 +0.80 +0.15 –0.10 ≤75 mg/L (WHO) 

Alkalinity +0.20 +0.35 +0.65 +0.70 +0.10 –0.30 ≤200 mg/L (WHO/NESREA) 

 Notes: TDS: WHO recommends TDS ≤ 1000 mg/L for drinking water, but NESREA standards for effluent discharge 
are stricter, often site-specific (~500 mg/L); Alkalinity: No strict WHO limit, but generally ≤200 mg/L is acceptable for 
aquatic life and potable water quality; pH: WHO/NESREA recommends pH between 6.5–8.5. (NESREA, 2011; WHO, 
2017) 

 
Figure 3 shows the physical parameters that exhibit the strongest influence on various chemical 
parameters in water quality analysis, as determined by their absolute correlation strengths. 
Among the physical parameters, conductivity consistently stands out, showing the highest 
impact on chloride, sulfate, calcium, and alkalinity concentrations, with correlation strengths 
ranging from 0.70 to 0.90. This suggests that as ionic content in water increases (reflected by 
higher conductivity), these chemical constituents also tend to rise, indicating strong 
interdependence. Total Dissolved Solids (TDS) follows closely, having a significant impact 
particularly on chloride and calcium, reinforcing the role of dissolved ions in shaping chemical 
profiles. Conversely, dissolved oxygen (DO) is most negatively affected by conductivity, 
suggesting that higher ion concentrations might reduce oxygen availability. Overall, the analysis 
highlights conductivity and TDS as the most influential physical parameters governing the 
chemical dynamics of the water body, making them critical indicators for water quality 
monitoring and management. 
 

 
Figure 3. Impact of Physical Parameters on various chemical parameters in University of Abuja Stream  
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Table 4 presents a comparison of recycling and treatment methods relevant to improving water 
quality parameters observed in the University of Abuja Stream. Methods such as filtration and 
coagulation-flocculation directly address the elevated turbidity, suspended solids, and TDS 
recorded during the wet season. Overall, the table synthesizes the study’s findings by linking 
specific seasonal water quality challenges to targeted treatment approaches suitable for tropical 
freshwater ecosystems. 
 
Table 4. Recycling/Treatment Methods for Water Quality Management in University of Abuja 
Stream  
Recycling/Treatment 
Method 

Key Principle Suitable For Advantages Limitations 

Filtration (e.g., Sand/Gravel 
Filters) 

Physical removal of 
suspended solids and 
turbidity through 
porous media 

Turbidity, 
suspended solids, 
some TDS 

Simple, low cost, 
scalable 

Less effective for 
dissolved ions or 
chemical 
pollutants 

Activated Carbon 
Adsorption 

Adsorption of organic 
pollutants and certain 
ions onto carbon 
surfaces 

BOD, phosphate, 
organic 
contaminants 

Removes 
taste/odor, 
effective for 
organics 

Requires 
regeneration or 
replacement of 
carbon 

Coagulation-Flocculation Chemical aggregation 
of fine particles into 
larger flocs that can be 
settled/filtered 

Turbidity, 
phosphate, some 
metals 

Very effective for 
turbidity and 
phosphorus 
removal 

Requires 
chemical dosing, 
generates sludge 

Membrane Filtration (e.g., 
Reverse Osmosis) 

Physical separation 
using semi-permeable 
membranes 

TDS, chloride, 
sulfate, heavy 
metals 

High removal 
efficiency for 
dissolved ions 
and salts 

High cost, 
membrane 
fouling risk 

Constructed Wetlands Biological and 
physical-chemical 
processes in planted 
soil beds 

Nutrient removal 
(phosphate, 
nitrate), organic 
matter (BOD) 

Eco-friendly, 
supports 
biodiversity 

Large land area 
needed, slower 
treatment rate 

Aeration Systems Increase dissolved 
oxygen through 
mechanical or diffused 
air systems 

Low dissolved 
oxygen (DO) levels 

Enhances 
aerobic 
conditions, 
simple operation 

Limited impact 
on chemical 
pollutants 

 
DISCUSSION  
The seasonal analysis of water quality parameters in the University of Abuja Stream underscores 
the significant influence of seasonal cycles on freshwater ecosystems in tropical urban 
environments. The observed increase in turbidity, suspended solids, total dissolved solids (TDS), 
and conductivity during the April–June period aligns with findings from other tropical studies, 
where higher precipitation during the wet season often leads to increased surface runoff and 
erosion, introducing more particulate and dissolved materials into aquatic systems (Chukwu & 
Ohakwe, 2017; Okoye et al., 2022). The decline in pH over the same period suggests an increase 
in acidic inputs, potentially from organic decomposition or anthropogenic sources such as urban 
waste and agricultural runoff (Anyanwu et al., 2021). These dynamics corroborate previous 
findings that physical parameters are sensitive indicators of both natural seasonal changes and 
human influence (Sani & Ibrahim, 2023; Olasoji et al., 2019). 
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Changes in chemical parameters further reflect the dynamic nature of the stream environment, 
with significant increases in chloride, sulfate, phosphate, calcium, and alkalinity from January to 
June. These trends suggest that as physical inputs (e.g., TDS, turbidity) rise, they facilitate the 
accumulation of major ions through mineral weathering and surface leaching processes (Odigie 
& Elimhingbovo, 2024). The decrease in dissolved oxygen (DO) and biochemical oxygen demand 
(BOD) in the later months indicates a reduction in aerobic activity or organic matter breakdown, 
possibly due to stratification or microbial shifts under warmer and more turbid conditions 
(Adejuwon et al., 2022; APHA, 2017). These chemical fluctuations highlight the role of seasonality 
in influencing nutrient cycling and oxygen dynamics, which are critical to ecosystem health 
(Nweke-Maraizu et al., 2023; Odigie & Elimhingbovo, 2024). 
 
The observed correlations between physical and chemical parameters provide deeper insights 
into the interconnectedness of aquatic processes. The strong negative relationship between DO 
and variables such as turbidity, TDS, and conductivity (r = –0.65 to –0.75) aligns with existing 
literature suggesting that increased suspended matter and ionic concentration hinder oxygen 
diffusion and promote hypoxic conditions (Chukwu & Ohakwe, 2017; Anyanwu et al., 2021). In 
contrast, the positive associations of chloride, sulfate, calcium, and phosphate with physical 
metrics support the hypothesis that elevated particulate load facilitates the transport and 
dissolution of ionic compounds (Sani & Ibrahim, 2023; Adejuwon et al., 2022). These findings 
underscore the importance of considering holistic interactions when assessing water quality 
rather than evaluating parameters in isolation (Okoye et al., 2022; Olasoji et al., 2019). 
 
The cyclic trends observed in both physical and chemical parameters, as depicted in the Elliott 
wave patterns, reveal the rhythmic nature of environmental responses to seasonal drivers. The 
sharper peaks in chemical parameters during Wave 3 may indicate more immediate and 
pronounced reactions to runoff and pollutant input, compared to the smoother physical trends, 
which could be attributed to slower hydrological or sedimentary changes (Nweke-Maraizu et al., 
2023; Odigie & Elimhingbovo, 2024). This distinction between the two types of parameters 
provides a useful framework for designing targeted monitoring strategies, where chemical 
indicators may serve as early warning signs of environmental stress or pollution episodes (Okoye 
et al., 2022; Sani & Ibrahim, 2023). It also reflects the varying resilience and lag responses of 
different water quality components to external pressures (Chukwu & Ohakwe, 2017; APHA, 
2017). 
 
The present study builds upon Idowu et al. (2025), which investigated how environmental factors 
influence macroinvertebrate diversity in the University of Abuja aquatic ecosystem. While the 
previous research emphasized the correlation between water quality parameters—such as 
turbidity, temperature, pH, and TDS—and macroinvertebrate composition, the current study 
extends this foundation by incorporating a broader temporal scale (January to June 2024) and 
more extensive water quality data, including both physical and chemical parameters. This 
expanded scope enables a deeper understanding of seasonal variations and their ecological 
implications. Consistent with Idowu et al. (2025), the current findings reaffirm the importance of 
turbidity and temperature as key drivers of biodiversity shifts, particularly the decline of 
sensitive species like Bivalva and Insecta under poor water quality conditions. By aligning 
macroinvertebrate responses with quantitative water chemistry trends over a longer timeframe, 
this study strengthens the case for using macroinvertebrates as reliable bioindicators and 
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highlights the value of continued monitoring to inform conservation and management practices 
in freshwater ecosystems. 
 
Ultimately, the findings emphasize the critical role of conductivity and TDS as key drivers of 
chemical dynamics in the University of Abuja Stream. Their strong influence on parameters such 
as chloride, sulfate, and alkalinity (r > 0.70) support their use as sentinel indicators for monitoring 
ionic and mineral content in urban freshwater systems (Anyanwu et al., 2021; Adejuwon et al., 
2022). Moreover, the correlations observed between pH and both DO and chemical 
concentrations reinforce the importance of maintaining balanced physicochemical conditions for 
sustaining aquatic life (APHA, 2017; Olasoji et al., 2019). These insights are valuable for 
developing site-specific water management strategies that account for local seasonal cycles, 
human impacts, and ecological thresholds. As small urban streams like the University of Abuja 
Stream face increasing stress from climate variability and land-use change, localized studies such 
as this provide essential data for safeguarding water quality and informing policy decisions 
(Odigie & Elimhingbovo, 2024; Nweke-Maraizu et al., 2023). 
 
CONCLUSION 
The study highlights the significant seasonal dynamics and interrelationships between physical 
and chemical water quality parameters in the University of Abuja Stream, underscoring the 
impact of tropical climatic patterns and urban influences. From January to June, physical 
parameters such as turbidity, total dissolved solids (TDS), and conductivity increased, especially 
during the wet season (April–June), due to heightened runoff and sediment influx. Concurrently, 
chemical parameters like chloride, sulfate, phosphate, calcium, and alkalinity also rose, indicating 
increased mineralization and ion accumulation. The observed strong correlations, particularly 
the negative relationship between dissolved oxygen and physical parameters (e.g., conductivity 
and TDS), reveal that rising particulate and ionic loads reduce oxygen availability, potentially 
affecting aquatic life. These trends affirm the role of conductivity and TDS as reliable indicators 
for predicting shifts in water chemistry and overall stream health. 
 
Based on these findings, it is recommended that regular and seasonally tailored monitoring be 
implemented, focusing especially on conductivity and TDS as early warning indicators of 
pollution and ecosystem stress. Integrated water resource management should also consider the 
interplay between physical and chemical parameters when designing mitigation strategies, 
particularly during periods of high runoff. Additionally, community awareness and regulation 
of anthropogenic activities—such as waste disposal and agriculture near the stream—should be 
strengthened to reduce nutrient and sediment input. These proactive measures will help maintain 
ecological balance, protect biodiversity, and ensure the long-term sustainability of the University 
of Abuja Stream and similar urban freshwater systems. 
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