Physicochemical Assessment of Surface Waters along an Urbanization Gradient in Lagos and Epe Lagoons, Nigeria



Abstract
Rapid urbanization and population growth in coastal cities have resulted in increased discharge of domestic waste, industrial effluents, and surface runoff into adjacent water bodies, leading to significant alterations in water quality. Assessing seasonal and spatial variations in physicochemical parameters is essential for understanding the extent of anthropogenic impacts on lagoon ecosystems. This study assessed the physicochemical characteristics of surface waters along an urbanization gradient in the Lagos–Epe Lagoon system, Nigeria. Surface water samples were collected from three sites representing varying degrees of anthropogenic influence: Makoko (highly urbanized), Ikorodu (moderately urbanized), and Epe (less urbanized). Sampling was conducted across four seasonal cycles (March, May, August, and November) to capture dry, wet, and post-wet season conditions. Key physicochemical parameters including pH, temperature, dissolved oxygen, total dissolved solids, and electrical conductivity were analyzed using standard methods. Results revealed clear spatial and seasonal variations across the lagoon sites. Higher pH, temperature, total dissolved solids, and electrical conductivity values were consistently recorded at Makoko and Ikorodu compared to Epe, indicating stronger anthropogenic influence in the more urbanized areas. Dissolved oxygen concentrations showed moderate seasonal variation, with generally higher values observed during the wet and post-wet seasons. Seasonal trends indicated decreasing surface water temperatures and increasing dissolved oxygen from the dry to wet seasons, while total dissolved solids and electrical conductivity increased toward the later sampling periods. Overall, the findings demonstrate that surface water quality within the Lagos–Epe Lagoon system is strongly influenced by both urbanization intensity and seasonal hydrological conditions. Continuous monitoring and site-specific management strategies are recommended to mitigate the impacts of urban pressures and ensure the sustainability of lagoon ecosystems. This study underscores the importance of routine physicochemical monitoring as a baseline for understanding lagoon water quality dynamics and supporting effective environmental management. The results provide valuable baseline data that can inform future studies, including assessments of benthic waters and contaminant distribution within the lagoon ecosystem.
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Introduction
Traditionally, the implementation of water quality assessments depends on the parameters to be measured, which can include laboratory analyses of samples taken during fieldwork as well as in situ measurements. In both cases, these measurements only provide localized or punctual information about the water body and not from their totality. Therefore, extensive sampling is required to obtain an accurate representation of the spatial variability of water quality parameters, which increases the cost associated with monitoring. Furthermore, the choice of sampling methodology depends on whether the evaluation will be carried out in surface water (rivers, lakes, lagoons, ocean) or groundwater (aquifers) (Mertzanis & Mertzani, 2019; Hernández-Martínez et al., 2024).  Coastal lagoon ecosystems are ecologically significant transitional environments that provide critical services, including fisheries production, nutrient cycling, and livelihood support for surrounding communities. These systems are highly dynamic and sensitive to both natural processes and anthropogenic disturbances due to their shallow depths and close proximity to urban settlements (Kjerfve, 1994; Kennish & Paerl, 2010). Physicochemical parameters such as temperature, pH, dissolved oxygen, electrical conductivity, total dissolved solids, salinity, and turbidity are widely used as fundamental indicators of surface water quality and ecosystem health in lagoon environments (Chapman, 1996; Wetzel, 2001). Sustainable water resources management requires monitoring and assessment of water quality in addition to quantity. Coastal lagoons play a critical role for the people and the ecosystem at large.  However, due to a lack of resources, most of the lagoons are not monitored and reported properly for further action (Begum et al., 2024; Marian et al., 2025).  
Rapid urbanization and population growth in coastal cities have resulted in increased discharge of domestic waste, industrial effluents, and surface runoff into adjacent water bodies, leading to significant alterations in water quality (UNEP, 2016; Varol & Şen, 2012). Seasonal variability further influences lagoon water chemistry, particularly in tropical regions where rainfall patterns strongly affect dilution, salinity intrusion, and sediment resuspension (Adeyemo et al., 2008; Akinyemi et al., 2020). Consequently, assessing seasonal and spatial variations in physicochemical parameters is essential for understanding the extent of anthropogenic impacts on lagoon ecosystems.
The Lagos Lagoon system, one of the largest coastal lagoon complexes in West Africa, is subject to intense anthropogenic pressure arising from urban expansion, industrial activities, transportation, and shoreline modification (Nwankwo et al., 2014; Oyewo, 1998). Previous studies have documented variations in physicochemical characteristics of Lagos Lagoon waters and linked observed trends to seasonal changes and human activities (Ladipo et al., 2012; Ajao & Oyewo, 1998). Similarly, water quality assessments have been conducted in Epe Lagoon, which is comparatively less urbanized but increasingly influenced by anthropogenic inputs (Edokpayi et al., 2016; Akinyemi et al., 2022).
Despite these efforts, comparative assessments that simultaneously evaluate multiple lagoon sites along an urbanization gradient using a unified sampling and analytical framework remain limited. In particular, Makoko, Ikorodu, and Epe represent distinct zones with varying degrees of urban influence within the Lagos and Epe Lagoon systems, yet few studies have systematically compared surface water quality across these sites. This study therefore assesses the seasonal and spatial variations of physicochemical parameters of surface waters across Makoko, Ikorodu, and Epe lagoon sites to elucidate the influence of urbanization on lagoon water quality and provide updated baseline data for environmental monitoring and management.




Materials and Methods
2.1 Study area
This study was conducted in the Lagos–Epe Lagoon system, southwestern Nigeria. Three sampling locations were selected to represent varying degrees of urbanization: Makoko (highly urbanized), Ikorodu (moderately urbanized), and Epe (less urbanized). Makoko is characterized by dense human settlement, intense domestic activities, and limited waste management infrastructure. Ikorodu experiences mixed residential and commercial activities, while Epe is relatively less impacted, with lower population density and reduced anthropogenic pressure.
The lagoon system is shallow and influenced by seasonal rainfall, freshwater inflows, and tidal exchange, making it particularly sensitive to environmental changes and human activities.
2.2 Sample collection
Surface water samples were collected during four seasonal cycles—March, May, August, and November—representing dry, early wet, peak wet, and post-wet seasons, respectively. At each sampling location, surface water samples were collected just below the water surface using clean, pre-rinsed polyethylene bottles. Samples were collected in triplicate at each site during each sampling period, and mean values were used for analysis. Samples were properly labeled and transported in an ice chest to the laboratory for analysis. All analyses were conducted within recommended holding times.
2.3 Physicochemical analysis
The physicochemical parameters analyzed included pH, temperature, dissolved oxygen (DO), total dissolved solids (TDS), and electrical conductivity (EC). Surface water temperature was measured in situ using a calibrated thermometer. pH and dissolved oxygen were determined using portable digital meters, while TDS and EC were measured using conductivity meters.
All analytical procedures followed standard methods for the examination of water and wastewater (APHA 2017). Instruments were calibrated prior to each sampling exercise to ensure accuracy and reliability of measurements.
2.4 Data analysis
Results were expressed as mean values for each parameter across the sampling sites and seasonal cycles. Descriptive statistics were used to evaluate spatial and seasonal variations in surface water physicochemical characteristics. Data were presented in tabular form to facilitate comparison.
2.5 Quality assurance and quality control
Quality assurance and quality control measures were implemented throughout sampling and analysis. Sampling containers were thoroughly cleaned prior to use, and field instruments were calibrated according to manufacturer specifications before measurements. Replicate readings were taken where necessary to confirm consistency of results.
3.Results
The values of physicochemical parameters for the March, May, August, and November sampling periods are presented in Tables 1–4.
Table 1. Values of physicochemical parameters of surface water across Makoko, Ikorodu, and Epe lagoon sites during the March sampling period
	Parameter
	Makoko
	Ikorodu
	Epe

	pH
	8.0
	7.7
	6.5

	Temperature (°C)
	29.5
	28.1
	26.5

	Dissolved Oxygen (mg/L)
	6.7
	6.4
	5.5

	Total Dissolved Solids (mg/L)
	650
	623
	597

	Electrical Conductivity (µS/cm)
	1300
	1250
	960


Table 2. Values of physicochemical parameters of surface water across Makoko, Ikorodu, and Epe lagoon sites during the May sampling period
	Parameter
	Makoko
	Ikorodu
	Epe

	pH
	8.9
	7.65
	6.9

	Temperature (°C)
	29.6
	28.8
	27.2

	Dissolved Oxygen (mg/L)
	6.9
	6.3
	5.5

	Total Dissolved Solids (mg/L)
	649
	644
	605

	Electrical Conductivity (µS/cm)
	1071
	995
	906


Table 3. Values of physicochemical parameters of surface water across Makoko, Ikorodu, and Epe lagoon sites during the August sampling period
	Parameter
	Makoko
	Ikorodu
	Epe

	pH
	8.5
	8.2
	7.9

	Temperature (°C)
	28.4
	28.1
	27.2

	Dissolved Oxygen (mg/L)
	7.0
	6.4
	6.1

	Total Dissolved Solids (mg/L)
	670
	659
	650

	Electrical Conductivity (µS/cm)
	1200
	1110
	1000


Table 4. Values of physicochemical parameters of surface water across Makoko, Ikorodu, and Epe lagoon sites during the November sampling period
	Parameter
	Makoko
	Ikorodu
	Epe

	pH
	8.6
	8.5
	8.0

	Temperature (°C)
	26.0
	26.0
	25.0

	Dissolved Oxygen (mg/L)
	7.2
	7.0
	6.8

	Total Dissolved Solids (mg/L)
	679
	661
	654

	Electrical Conductivity (µS/cm)
	1250
	1190
	1110


3.1 Physicochemical characteristics of surface water across seasonal cycles
The mean values of selected physicochemical parameters of surface waters across Makoko, Ikorodu, and Epe lagoon sites during the March, May, August, and November sampling periods are presented in Tables 1-4. Surface water pH values showed spatial and seasonal variations across the study sites. During the March and May sampling periods, pH values ranged from slightly acidic to alkaline conditions (6.5–8.9), with Makoko consistently recording higher pH values compared to Ikorodu and Epe. In August and November, pH values increased across all sites, with values ranging from 7.9 to 8.6, indicating predominantly alkaline conditions during the wet and post-wet seasons.
Surface water temperature exhibited a decreasing trend from March to November across all sampling locations. Higher temperatures were recorded during the March and May cycles (26.5–29.6 °C), while lower temperatures were observed in August (27.2–28.4 °C) and November (25.0–26.0 °C). Spatially, Makoko consistently recorded slightly higher temperatures compared to Ikorodu and Epe throughout the sampling period.
Dissolved oxygen concentrations showed moderate seasonal variation, with values ranging from 5.5 to 7.2 mg/L across the study sites. Lower dissolved oxygen concentrations were recorded during the March and May sampling periods, particularly at Epe, while higher values were observed during August and November across all locations.
Total dissolved solids and electrical conductivity values exhibited relatively higher concentrations at Makoko and Ikorodu compared to Epe across all sampling periods. TDS values ranged from 597 to 679 mg/L, while electrical conductivity values ranged from 906 to 1300 µS/cm. Both parameters showed a general increase from the early dry season (March) towards the wet and post-wet seasons (August and November), with Makoko consistently recording the highest values.
Overall, the physicochemical characteristics of surface waters across the lagoon sites demonstrated clear spatial variation along the urbanization gradient, as well as seasonal fluctuations influenced by hydrological conditions.
4.Discussion
The physicochemical characteristics of surface waters in the Lagos and Epe Lagoons exhibited clear spatial and seasonal variations, reflecting differences in anthropogenic pressure, hydrological dynamics, and climatic conditions across the study sites. The observed trends are consistent with the influence of urbanization intensity along the lagoon system, with Makoko representing a highly urbanized environment, Ikorodu a moderately urbanized area, and Epe a relatively less impacted site.
4.1 pH Variability Across Sites and Seasons
Surface water pH values across the study area ranged from slightly acidic to alkaline conditions, with higher values consistently recorded at Makoko and Ikorodu compared to Epe. The alkaline nature of surface waters at the more urbanized sites may be attributed to domestic wastewater discharge, detergents, and organic matter decomposition, which are common features of densely populated lagoon settlements (Ajao, 1996; Onyema et al., 2010). The relatively lower pH values observed at Epe during the early sampling periods suggest reduced anthropogenic inputs and greater dilution effects.
Seasonally, pH values increased during the August and November cycles across all sites. This trend may be linked to enhanced buffering capacity resulting from increased freshwater inflow and mixing during the wet and post-wet seasons, as well as intensified biological activity within the lagoon system (Abowei, 2010).
4.2 Surface Water Temperature Dynamics
Surface water temperatures showed both spatial and seasonal patterns, with higher temperatures recorded during the March and May cycles and progressively lower values observed in August and November. This trend reflects seasonal climatic variations typical of tropical lagoon systems, where higher solar radiation during the dry season elevates surface water temperatures (Ogbeibu, 2005). The consistently higher temperatures observed at Makoko may be associated with reduced water circulation, shallow water depth, and increased heat absorption due to organic and solid waste accumulation.
4.3 Dissolved Oxygen Distribution
Dissolved oxygen concentrations across the lagoon sites ranged from moderate to relatively high values, with lower concentrations generally observed during the dry season sampling periods. Reduced dissolved oxygen levels at Makoko and Ikorodu during March and May may be linked to increased organic loading and microbial respiration associated with untreated domestic effluents (Lawson, 2011). Conversely, higher dissolved oxygen concentrations recorded during August and November can be attributed to enhanced water mixing, increased aeration from rainfall, and lower water temperatures, which favor oxygen solubility.
Despite the observed fluctuations, dissolved oxygen concentrations across most sites remained within ranges previously reported for Lagos Lagoon surface waters (Onyema & Nwankwo, 2009), indicating moderate ecological conditions during the study period.
4.4 Total Dissolved Solids and Electrical Conductivity
Total dissolved solids and electrical conductivity values were consistently higher at Makoko and Ikorodu compared to Epe, reflecting greater anthropogenic influence in the urbanized sections of the lagoon. Elevated TDS and conductivity values are commonly associated with domestic wastewater inputs, runoff from paved surfaces, and leaching of dissolved ions into surface waters (Ajao & Fagade, 2002; Edokpayi et al., 2017).
The gradual increase in TDS and electrical conductivity from March through November suggests cumulative effects of runoff and resuspension of dissolved materials during the wet season. Similar seasonal increases in conductivity have been reported in other tropical lagoon systems influenced by urban runoff and estuarine mixing (Abowei & Sikoki, 2005).
4.5 Implications of Urbanization Gradient
The spatial patterns observed across all physicochemical parameters clearly demonstrate the influence of urbanization on surface water quality within the Lagos–Epe Lagoon system. Makoko, characterized by intense human activity and limited waste management infrastructure, consistently recorded higher parameter values indicative of anthropogenic stress. In contrast, Epe exhibited relatively stable and lower values, reflecting its lower population density and reduced industrial and domestic inputs.
These findings underscore the importance of spatially differentiated management strategies for lagoon systems experiencing varying degrees of urban pressure. Continuous monitoring of surface water quality is essential to detect early signs of degradation and to inform sustainable lagoon resource management. 
5.Conclusion
This study provides a comprehensive assessment of the physicochemical characteristics of surface waters across selected sites in the Lagos–Epe Lagoon system, highlighting the combined effects of urbanization and seasonal variability on water quality. The results demonstrated clear spatial differences among the study sites, with Makoko consistently recording higher values for most physicochemical parameters, followed by Ikorodu, while Epe exhibited comparatively lower and more stable values. These spatial patterns reflect differences in anthropogenic activities, population density, and waste management practices along the lagoon system.
Seasonal variations were also evident, with higher surface water temperatures recorded during the dry season and increased dissolved oxygen levels observed during the wet and post-wet seasons. The gradual increase in total dissolved solids and electrical conductivity toward the later sampling periods suggests the influence of runoff, mixing processes, and cumulative anthropogenic inputs during periods of increased rainfall.
Overall, the findings indicate that surface water quality in the Lagos–Epe Lagoon system is moderately impacted, particularly in highly urbanized areas, and remains sensitive to both human activities and seasonal hydrological changes. This study underscores the importance of routine physicochemical monitoring as a baseline for understanding lagoon water quality dynamics and supporting effective environmental management. The results provide valuable baseline data that can inform future studies, including assessments of benthic waters and contaminant distribution within the lagoon ecosystem.
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