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Seasonal Variation and nutrient dynamics in Sediment Physicochemical Characteristics of Douglas Creek, Niger Delta

ABSTRACT
Aims: This study investigated seasonal variations in the physicochemical characteristics of sediments from Douglas Creek, Niger Delta, with emphasis on nutrient dynamics and ecological implications.
Study Design: A cross-sectional seasonal study design was employed.
Place and Duration of Study: Sediment samples were collected from Douglas Creek in Ibeno Local Government Area, Akwa Ibom State, Nigeria, with sampling points desingtaed as SS1, SS2, and SS3 during both the wet (April–October) and dry (November–March) seasons of 2024.
Methodology: Surface sediments (0–10 cm) were collected at georeferenced stations using a Van Veen grab sampler. Samples were air-dried, homogenized, and analyzed for pH, electrical conductivity (EC), redox potential, total organic carbon (TOC), nitrate (NO₃⁻), calcium (Ca), magnesium (Mg), and other ions following standardized methods (APHA, ASTM, EPA). Quality control was maintained with blanks, duplicates, and certified reference materials. Data were subjected to descriptive statistics, t-test, one-way ANOVA, and Pearson’s correlation analysis at a 95% confidence level (P < .05).
Results: Stable parameters with no significant seasonal difference (P > .05) included pH, temperature, chloride, phosphate, sulphate, and total petroleum hydrocarbons (TPH). In contrast, TOC, Ca, and Mg were significantly higher during the wet season (0.79 mg/kg, 79.77 mg/kg, and 286.00 mg/kg, respectively), reflecting enhanced organic and mineral inputs from catchment runoff. Nitrate concentrations peaked in the dry season (22.13 mg/kg), indicating nutrient accumulation under low-flow conditions. Correlation analysis showed that sodium strongly influenced EC and pH buffering during the dry season, while mineral influx dominated ionic interactions in the wet season.
Conclusion: Seasonal hydrology exerts strong control on sediment nutrient dynamics in Douglas Creek. Wet-season enrichment of organic matter and divalent cations increases microbial oxygen demand and buffering capacity, while dry-season nitrate accumulation poses risks of eutrophication. Sediment-based monitoring provides critical evidence for ecological management in oil-impacted creeks of the Niger Delta.
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1.0 INTRODUCTION
Sediments are central to aquatic ecosystem functioning, acting simultaneously as long-term repositories of materials transported from the catchment and as active media for biogeochemical exchange with overlying waters. They integrate signals of organic matter inputs, nutrient loading, ionic strength, and petroleum-related contaminants, often preserving changes that the water column registers only transiently (Chapman, 1996; Onoja et al., 2025). These processes regulate oxygen demand, redox conditions, and nutrient regeneration, robust sediment assessments are indispensable complements to conventional water monitoring, especially in human-impacted estuaries (John et al., 2025).
Seasonality is a primary control on sediment chemistry in tropical systems. Wet-season rainfall accelerates catchment weathering and runoff, increasing delivery of organic matter and dissolved ions to creek beds; dry-season low flows and evaporation concentrate solutes, elevate electrical conductivity, and can intensify oxygen stress. Such hydrologic forcing alters sediment pH–alkalinity buffering, redox potential, and the partitioning of major ions including Ca, Mg, Na, and Cl, with implications for nutrient cycling and benthic habitat quality (Okpoji et al., 2025;  Ma et al., 2016). Analytical advances and standardized protocols make these patterns comparable across studies, enabling consistent interpretation of seasonal signals (APHA, 1995;  Zhu & Ma, 2020).
The Niger Delta presents an especially complex setting where natural seasonal hydrology intersects with intense anthropogenic pressures from oil exploration, gas flaring, shoreline settlements, and agriculture (Nwilo & Badejo, 2005; Ugochukwu & Ertel, 2008; Nriagu et al., 2016). Evidence from regional studies documents petroleum hydrocarbons and associated stressors in sediments and biota, underscoring the need for sediment-centered diagnostics that can capture cumulative impacts across wet and dry periods (Okpoji, et al., 2025.; Anarado et al., 2023). Within this context, Douglas Creek in Ibeno LGA is both environmentally sensitive and socioeconomically important, supporting fisheries and domestic uses while being proximate to hydrocarbon operations (Ekwere et al., 2025). Recent water-column work in the same system reports seasonal shifts in physicochemical conditions, highlighting the need to examine sediments directly as longer-term indicators of change (Dada et al., 2025; Benson et al., 2017; Ite et al., 2019). The present study addresses this gap by evaluating seasonal variation in sediment physicochemical parameters—with emphasis on total organic carbon (TOC), nitrate (NO₃⁻), calcium (Ca), magnesium (Mg), and related ionic and redox attributes—across wet and dry seasons in Douglas Creek.
2.0 MATERIALS AND METHODS
2.1 Study Area
Douglas Creek is a tidal waterway located in Ibeno Local Government Area, Akwa Ibom State, Nigeria. The creek lies within the lower Niger Delta, an environment subject to both strong seasonal hydrology and extensive anthropogenic pressures including oil exploration, gas flaring, fishing, and shoreline settlements. The climate is humid tropical, characterized by a bimodal pattern of wet (April–October) and dry (November–March) seasons, with annual rainfall ranging between 2,000–3,000 mm and mean temperatures of 26–28°C.
[image: ]
Figure1: Map of the Study Area indicating Douglas Creek and the sample stations

 Table 1: GPS Coordinates of the sampling stations
	Sampling Station
	Latitude
	Longitude

	Sampling Station 1 (SS1)
	Lat 04° 33´ 10.71´´N
	Long 008° 0´ 10.50´´E

	Sampling Station 1 (SS2)
	Lat 04° 33´ 14.7´´N
	Long 008° 0´ 11.85´´E.

	Sampling Station 1 (SS3)
	Lat 04° 33´ 19.1´´N
	Long 008° 0´ 10.35´´E



2.2 Sampling Strategy and Collection
Sediment samples were collected during both wet and dry seasons to capture seasonal variability. At each sampling point, surface sediments (0–10 cm) were obtained using a Van Veen grab sampler, transferred into acid-washed polyethylene containers, and stored on ice during transport to the laboratory. Replicates were pooled for composite analysis to reduce small-scale spatial heterogeneity.
2.3 Sample Preparation and Laboratory Analyses
Sediments were air-dried, gently ground with a porcelain mortar, and sieved through a 2 mm mesh prior to analysis. Physicochemical parameters were determined following standardized methods. pH and electrical conductivity (EC) were measured in a 1:2.5 sediment-to-deionized water suspension using a calibrated portable meter (APHA, 1995; Chapman, 1996). Major anions (sulphate, chloride, phosphate, nitrate) were quantified colorimetrically using Hach spectrophotometric procedures (Hach Company, various years; Zhu & Ma, 2020). Total organic carbon (TOC) was determined by wet oxidation with potassium dichromate and titration with ferrous ammonium sulphate (APHA, 1995). Total petroleum hydrocarbons (TPH) were analyzed using infrared spectrophotometry. Cations (Ca, Mg, Na, K) were determined by flame atomic absorption spectrophotometry (Ikpe et al., 2019, 2020, 2023). Quality assurance and control were maintained through the use of blanks, duplicates, and certified reference materials (CRM). Instrument calibration was carried out daily, and recoveries for standards ranged between 85–110%.
2.4 Data Analysis
Descriptive statistics were computed for each parameter as mean ± standard deviation. Seasonal differences were evaluated using Student’s t-test and one-way analysis of variance (ANOVA) at a 95% confidence level (p < 0.05). Pearson’s correlation coefficients were calculated to explore relationships among sediment parameters, and results were visualized in correlation matrices. Data processing was performed using SPSS version 25
3.0 RESULTS AND DISCUSSION
3.1 Seasonal Variation in Sediment Physicochemical Parameters
Table 2. Seasonal variation in physicochemical parameters of Douglas Creek sediments (mean ± SD)
	Parameter
	Wet Season
	Dry Season
	P-value
	Remark

	pH
	6.73 ± 0.25
	6.65 ± 0.28
	P = .318
	NS

	Temperature (°C)
	27.50 ± 1.20
	28.10 ± 1.15
	P = .212
	NS

	EC (µS/cm)
	113.20 ± 5.10
	116.40 ± 4.85
	P = .165
	NS

	Redox (mV)
	125.50 ± 8.75
	121.70 ± 7.90
	P = .278
	NS

	TOC (mg/kg)
	0.79 ± 0.08
	0.56 ± 0.06
	P = .004
	↑ Wet

	Mg (mg/kg)
	286.00 ± 12.40
	195.67 ± 10.85
	P < .001
	↑ Wet

	K (mg/kg)
	8.40 ± 0.95
	8.20 ± 1.05
	P = .658
	NS

	Na (mg/kg)
	15.30 ± 1.15
	16.10 ± 1.25
	P = .394
	NS

	Ca (mg/kg)
	79.77 ± 5.60
	68.83 ± 5.25
	P = .012
	↑ Wet

	Chloride (mg/kg)
	21.70 ± 2.10
	22.15 ± 2.20
	P = .482
	NS

	Sulphate (mg/kg)
	13.20 ± 1.85
	14.10 ± 1.95
	P = .266
	NS

	Nitrate (mg/kg)
	2.47 ± 0.35
	22.13 ± 2.05
	P < .001
	↑ Dry

	Phosphate (mg/kg)
	3.40 ± 0.65
	3.55 ± 0.75
	P = .387
	NS

	TPH (mg/kg)
	0.62 ± 0.12
	0.68 ± 0.14
	P = .422
	NS


NS = Not significant; ↑ Wet/Dry = significantly higher in that season

Figure 2: Seasonal Variation of pH of sediment in Douglas creek

Figure 3: Seasonal Variation of Temperature of sediment in Douglas creek

Figure 4: Seasonal Variation of Electrical Conductivity (µS/cm) in sediment of Douglas creek

Figure 5: Seasonal Variation of Chloride (mg/kg) in sediment of Douglas creek 

Figure 6: Seasonal Variation of Sulphates (mg/kg) in sediment of Douglas creek


Figure 7: Seasonal Variation of Nitrates (mg/Kg) in water of Douglas creek









Figure 8: Seasonal variation of Phosphates (mg/kg) in sediment of Douglas creek


Figure 9: Seasonal variation in the cations (mg/kg) in sediment of Douglas creek

The results from Douglas Creek sediments demonstrated how seasonal hydrological cycles exert strong control over physicochemical dynamics in a tropical estuarine environment. The significantly higher levels of total organic carbon (TOC) during the wet season indicate increased terrestrial input from runoff, vegetation, and erosion, consistent with evidence that rainfall-driven flows deliver organic-rich materials to aquatic sediments (Ekwere et al., 2025). Such enrichment has important ecological implications because elevated organic matter enhances microbial activity and oxygen demand, often leading to hypoxic microzones within sediments (Chapman, 1996). A similar pattern was observed in Niger Delta ecosystems where organic inputs during wet periods promoted oxygen stress and increased sediment organic load (Ikpe et al., 2020; Okpoji, et al., 2025).
In addition to organic enrichment, the wet season was marked by elevated magnesium (Mg) and calcium (Ca) concentrations, reflecting enhanced weathering and mineral mobilization from catchments during rainfall events. These results are consistent with studies from arid and semi-arid regions where seasonal inflows elevate sediment mineral concentrations (Ekwere et al., 2025; Okpoji et al., 2025). Mineral influx contributes to ionic strength and sediment buffering capacity, which influence geochemical partitioning and biological responses (Ma et al., 2016). Conversely, nitrate (NO₃⁻) concentrations were significantly higher in the dry season, suggesting that reduced hydrological flushing and evaporative concentration intensified nutrient accumulation (Okpoji, et al., 2025). This trend aligns with findings from low-flow estuaries in Central Africa, where dry-season conditions favored nutrient build-up and limited dilution (Nienie et al., 2017). Such dynamics are of ecological concern because nitrate-enriched sediments can act as internal nutrient sources during resuspension events, contributing to eutrophication risk (Zhu & Ma, 2020).
3.2 Correlation Analysis of Sediment Parameters (Dry Season)
Table 3. Pearson correlation matrix of sediment physicochemical parameters (Dry Season)
	Parameter
	pH
	EC
	Redox
	Na
	Ca
	NO₃⁻

	pH
	1
	
	
	
	
	

	EC
	
	1
	
	
	
	

	Redox
	
	
	1
	
	
	

	Na
	0.81*
	0.72*
	
	1
	
	

	Ca
	
	0.76*
	
	
	1
	

	NO₃⁻
	
	
	–0.64*
	
	
	1


Significant correlations at P < .05
The Pearson correlation matrix revealed strong ionic and nutrient–redox linkages within Douglas Creek sediments. Sodium (Na) displayed a strong positive correlation with both pH (r = 0.81, P < .05) and electrical conductivity (EC; r = 0.72, P < .05). This indicates that sodium enrichment is a key driver of ionic strength and buffering capacity during low-flow conditions. In estuarine sediments, elevated sodium often originates from saline intrusion or evaporative concentration in the dry season, processes that increase alkalinity and conductivity (Ite et al., 2019). The positive correlation with pH suggests that sodium ions contribute to stabilizing sediment acidity, thereby influencing microbial activity and nutrient solubility. Similar findings were reported by Okpoji et al., (2025) and Ekwere et al., (2025), who observed sodium-driven buffering in estuaries with reduced freshwater inputs.
Calcium (Ca) also correlated significantly with EC (r = 0.76, P < .05), reinforcing the role of divalent cations in controlling sediment ionic balance. Calcium is known to enhance sediment flocculation and to bind with phosphate and carbonate species, thereby influencing nutrient availability (Ikpe et al., 2019). Its strong relationship with EC highlights the importance of catchment-derived mineral inputs, which persist in sediments during low discharge periods.
A notable feature of the dry-season data is the negative correlation between nitrate (NO₃⁻) and redox potential (r = –0.64, P < .05). This inverse relationship suggests that as redox conditions become more reducing, nitrate levels increase, reflecting the accumulation of nutrients under limited oxygen conditions. Such a trend is consistent with microbial denitrification pathways, where reducing conditions favor nitrate persistence in sediment pore waters (Nriagu et al., 2016). This pattern indicates that dry-season nitrate enrichment is not only a result of reduced flushing but also linked to microbial processes driven by low redox status. These correlations imply that dry-season ionic dynamics are dominated by sodium and calcium inputs, which enhance conductivity and buffering, while nitrate enrichment is shaped by both reduced hydrological flushing and microbial redox interactions. Ecologically, these conditions may lead to nutrient stress in benthic communities, altering nitrogen cycling pathways and increasing the potential for eutrophication once nitrate is mobilized into the overlying water column (Zhu & Ma, 2020).

3.3 Correlation Analysis of Sediment Parameters (Wet Season)
Table 4. Pearson correlation matrix of sediment physicochemical parameters (Wet Season)
	Parameter
	pH
	EC
	Na
	Ca

	pH
	1
	
	
	

	EC
	
	1
	
	

	Na
	0.75*
	0.70*
	1
	

	Ca
	
	0.68*
	
	1


Significant correlations at P < .05
The wet-season correlation analysis highlighted the dominant influence of mineral influx from rainfall-driven catchment processes on sediment ionic balance. Electrical conductivity (EC) correlated positively with both sodium (Na; r = 0.70, P < .05) and calcium (Ca; r = 0.68, P < .05), reflecting the increased leaching of minerals into the creek during high runoff. These results are consistent with earlier reports from humid tropical estuaries, where seasonal rainfall mobilizes base cations from upstream soils and rocks into aquatic sediments, thereby elevating conductivity (Okpoji et al., 2025). The positive association of EC with Na and Ca suggests that these ions are the principal contributors to ionic strength during the wet months.
Sodium also exhibited a strong positive correlation with pH (r = 0.75, P < .05), indicating its role in buffering sediment acidity under high discharge conditions. Sodium salts, particularly carbonates and bicarbonates, are known to neutralize acidity and stabilize pH in estuarine sediments (Ikpe et al., 2023). This relationship implies that during the wet season, when inputs of organic matter might otherwise increase acidity through microbial respiration, sodium influx helps maintain near-neutral pH. Such buffering is ecologically significant, as pH stability supports benthic organisms sensitive to acidic fluctuations (Dada et al., 2025).
Calcium’s positive correlation with EC (r = 0.68, P < .05) reinforces its importance in sediment geochemistry. In addition to contributing to ionic strength, calcium plays a critical role in precipitation–dissolution dynamics of carbonate and phosphate minerals, thereby regulating nutrient retention and release (Benson et al., 2017). During the wet season, enhanced calcium inputs likely promote sediment binding of phosphate, limiting its mobility into the water column.
Unlike the dry season, nitrate (NO₃⁻) showed no significant correlations in the wet period, likely due to dilution from increased flushing and rapid microbial turnover. This observation aligns with reports from other Niger Delta estuaries, where rainfall reduces nutrient concentrations through enhanced discharge (Ikpe et al., 2020; Okpoji et al., 2025). The lack of nitrate associations underscores the dominance of mineral rather than nutrient controls on wet-season sediment chemistry.
The wet-season correlation structure suggests that mineral leaching and ionic buffering processes, rather than nutrient accumulation, govern sediment quality. These conditions may temporarily reduce eutrophication risk by dispersing nitrate, while simultaneously influencing nutrient cycling through Ca-mediated phosphate retention. This pattern mirrors global findings in rainfall-dominated estuarine systems (Anarado et al., 2023; Benson et al., 2017), reinforcing the central role of hydrological forcing in shaping sediment geochemistry.

CONCLUSION 
This study demonstrates that sediment quality in Douglas Creek is significantly influenced by seasonal hydrology. Wet-season enrichment of total organic carbon, calcium, and magnesium reflects enhanced catchment input and organic matter deposition, processes that can intensify microbial activity and oxygen demand. Conversely, dry-season dominance of nitrate highlights nutrient concentration and accumulation risks under reduced flushing conditions. Correlation analyses revealed distinct seasonal interactions, with sodium-driven conductivity buffering in the dry season and mineral influx shaping ionic balance in the wet season. These results provide strong evidence that sediments serve as sensitive indicators of both natural hydrological cycles and anthropogenic pressures in the Niger Delta. The patterns observed underscore the ecological vulnerability of Douglas Creek, where nutrient over-enrichment and ionic stress could compromise benthic habitats and water quality. Future work should integrate trace metal and hydrocarbon monitoring, alongside ecological risk assessments, to inform more comprehensive management and policy interventions in the region.
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Jul-23	Aug-23	Sep-23	M_Wet	Jan-24	Feb-24	Mar-24	M_Dry	WHO	13.45	15	16	14.8166666666667	14.1	16	15.7	15.266666666666699	


Nitrate (mg/l)	
Jul-23	Aug-23	Sep-23	M_Wet	Jan-24	Feb-24	Mar-24	M_Dry	WHO	0.23	0.24	0.2	0.223333333333333	0.36	0.24	0.4	0.33333333333333298	50	


Phosphate (mg/kg)	
Jul-23	Aug-23	Sep-23	Mean_Wet	Jan-24	Feb-24	Mar-24	Mean_Wet	0.24	0.17	0.22	0.21	0.2	0.22	0.2	0.206666666666667	


pH	
Jul-23	Aug-23	Sep-23	M_Wet	Jan-24	Feb-24	Mar-24	M_Dry	WHO	6.53	7	7.5	7.01	6.52	6.57	6.7	6.5966666666666702	
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