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ABSTRACT
Heavy metal pollution in aquatic environments poses significant threats to the environment and human health. This study assessed heavy metal pollution in water and sediment samples from three sites (A, B, and C) along the Oba tributaries, examining regional and seasonal variations. Water samples were collected in acid-washed polyethylene bottles, acidified using nitric acid (pH < 2), and kept at 4°C. Soil samples were taken from 0-15 cm depths, air-dried, sieved (2 mm), and digested with aqua regia. Atomic Absorption Spectrophotometry (AAS) was used to assess both sample types for iron (Fe), copper (Cu), zinc (Zn), chromium (Cr), cadmium (Cd), and lead (Pb), following APHA (2017) protocols. Water analysis revealed Fe levels exceeding the Nigerian Standard for Drinking Water Quality (0.3 mg/kg), peaking at Site B (8.06 ± 0.22 mg/kg). Cu and Zn levels remained acceptable, while Cr was detected at Sites A and C at concentrations < 0.05 mg/kg, whereas Cd and Pb levels were undetectable. Rainy season samples had significantly greater Fe, Cu, and Zn contents, whereas Cr was only found in the dry season. During the rainy season, Fe concentrations in sediments at Sites B and C surpassed the WHO's 5 mg/kg limit, reaching up to 20.00 ± 1.79 mg/kg. Cu, Zn, and Cr levels were within legal limits but varied spatially. Pb was detected at Sites B and C, with the highest concentration at Site C (0.08 ± 0.02 mg/kg), while Cd was not detected. This study therefore necessitates remediation initiatives and monitoring of Oba tributaries.
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1. INTRODUCTION
Freshwater ecosystems in Nigeria are critical for ecological balance and human development, as they provide water for drinking, agriculture, fishing, recreation, and religious activities (Hayat and Gupta, 2016). They support rural livelihoods as well as diverse flora and fauna (Chettri et al., 2021). However, these ecosystems are vulnerable to pollution as a result of population growth, industrial expansion, agricultural intensification, and poor waste management (Bashir et al., 2020). Nigerian rivers, like the Oba, are frequently contaminated

with heavy metals, pesticides, hydrocarbons, and microbiological pathogens as a result of agricultural runoff, illegal mining, and open defecation (Ekanem et al., 2023). These toxins endanger aquatic organisms and human populations who rely on water bodies for survival.
[image: ]Heavy metal contamination in aquatic food chains is a significant concern due to its persistence, toxicity, and bioaccumulation (Ray and Vashishth, 2024). Exposure to metals like lead, cadmium, mercury, and chromium can lead to ecological degradation and public health crises, including neurological and developmental disorders (Oladimeji et al., 2024).
Determining the levels of heavy metals in water and sediments is essential to comprehending their scope, origins, and possible hazards to human and ecological health (Angon et al., 2024). Because of their bioaccumulation and biomagnification potentials, non-biodegradable heavy metals like lead, cadmium, arsenic, chromium, mercury, and zinc provide serious toxicological risks even at low concentrations. Heavy metal distribution and fate in freshwater systems, such as Nigeria's Oba River tributaries, are impacted by water-sediment interactions (Jia et al., 2021). Water is the medium for pollutant transport (Wu et al., 2014), whereas sediments act as a sink and potential secondary source (Chiaia-Hernández et al., 2022). Metals from industrial, agricultural, and residential sources settle in bottom sediments, creating the benthic environment. However, changes in physicochemical conditions can remobilise these metals in the water column, creating a danger of recurring exposure.
Monitoring heavy metal levels is critical for determining exposure levels to aquatic species and human populations (Abdelmonem et al., 2025). Sediment monitoring is critical in Nigeria due to non-point source pollution and inadequate effluent discharge laws (Ipeaiyeda and Onianwa, 2018). The Oba River's tributaries get runoff from agricultural fields and informal industry activity. Inadequate assessment of both compartments can result in underestimating environmental impacts and failing to recognise delayed or cumulative exposure concerns. Integrated heavy metal assessments are critical for determining bioavailability to benthic species and fish, which can have an impact on human health when consumed (Reyes-Márquez et al., 2024).
Human activity has had a significant impact on the Oba River, an important freshwater resource in southwestern Nigeria. Agricultural activities such as the use of inorganic fertilisers and pesticides, small-scale enterprises such as sawmills, car repair shops, textile dyeing operations, and food processing units, as well as solid waste disposal, all contribute to nutrient loading and heavy metal accumulation (Li et al., 2024). These anthropogenic pressures jeopardise the ecological integrity of river tributaries and constitute a risk to public health (Bashir et al., 2020).

Heavy metal pollution is a global environmental issue, especially in developing regions with weak regulatory enforcement. With increasing human pressures and limited oversight, the risk of heavy metal contamination in freshwater systems is projected to rise. Therefore, this study will evaluate the heavy metal contamination in water and sediment from Oba river tributaries.
2. MATERIALS AND METHODS
2.1 Study Area
2.2 [image: ]Heavy Metal Analysis in Water Samples
Water samples were collected from three distinct sampling stations along the Oba River's tributaries using clean, acid-washed polyethylene bottles with a 1 litre capacity. To preserve the samples and prevent microbial activity or precipitation of metal ions, they were promptly acidified to a pH of less than 2 using concentrated nitric acid (HNO₃), and then refrigerated at 4°C until further examination (APHA, 2017). Five millilitres of concentrated HNO₃ were added to a beaker containing 100 millilitres of each water sample for digestion. In order to reduce the volume to around 20 mL, the mixture was heated on a hot plate to about 95°C without boiling. After allowing the digested solution to cool, Whatman No. 42 filter paper was used to filter it. After quantitatively transferring the filtrate into a 50 mL volumetric flask, deionised water was added to make up the difference (APHA, 2017).
An Atomic Absorption Spectrophotometer (AAS) was used to measure the amounts of iron (Fe), copper (Cu), zinc (Zn), chromium (Cr), cadmium (Cd), and lead (Pb) in the digested water samples. Fe (248.3 nm), Cu (324.8 nm), Zn (213.9 nm), Cr (357.9 nm), Cd (228.8 nm), and Pb (217.0 nm) were the metals for which particular wavelengths were employed. Analytical-grade metal standards were used to create calibration curves. To guarantee the precision and dependability of the findings, blanks and quality control criteria were incorporated (USEPA, 2007).
























Figure 1: Map of Orire LGA showing sampling site

2.3 Heavy Metal Analysis in Soil Samples
Using a stainless-steel auger, composite soil samples were taken between 0 and 15 cm below the surface. Every sample was taken to the lab for processing and kept in a clean, tagged plastic bag. To achieve homogeneity, soil samples were mashed in a mortar and pestle, allowed to air dry at room temperature, and then sieved through a 2 mm mesh screen (AOAC, 2005). A digestion flask was filled with 1.0 g of the processed soil and 10 mL of aqua regia, which is a 3:1 solution of strong hydrochloric acid and nitric acid. For approximately an hour, the mixture was cooked on a hot plate under a fume hood between 95 and 120°C until thick white vapours were visible. Following chilling, 10 mL of deionised water was added to dilute the digest, which was then filtered and put into a 50 mL volumetric flask. Deionised water was then used to dilute the solution to volume (USEPA, 2007).
Using the same metal-specific wavelengths as those used for water samples, AAS was also utilised to determine the amounts of Fe, Cu, Zn, Cr, Cd, and Pb in the soil samples. The analytical data were regularly validated using blank determinations, instrument calibration, and quality control standards (APHA, 2017). To guarantee precision and reproducibility, every analysis was carried out in triplicate. Calibration was done using certified reference materials

(CRMs). As part of the quality assurance and quality control (QA/QC) procedures, reagent blanks and duplicate samples were used at every stage (APHA, 2017).
3. RESULTS
3.1 Heavy Metals Concentration in Water Samples
[image: ]Table 1 compares the spatial distribution of heavy metals in water from three sites (A, B, and C) along the Oba tributaries with WHO (2011) and Nigerian (NSDWQ, 2017) guidelines. Significant differences (p = 0.000) were seen in iron (Fe) levels, which ranged from 2.48 mg/kg at Site A to 8.06 mg/kg at Site B, all of which were above the permissible limit of 0.3 mg/kg. With values ranging from 0.04 to 0.05 mg/kg, copper (Cu) remained well within regulatory limits of 1-2 mg/kg and did not exhibit any significant variation (p = 0.683). Although zinc (Zn) fluctuated greatly (p = 0.000), it was still below the WHO (0.1 mg/kg) and NSDWQ (3 mg/kg) guidelines. It was highest at Site C (0.03 mg/kg) and lowest at Site B (0.01 mg/kg). Although the levels were still below the 0.05 mg/kg threshold, chromium (Cr) was found at Sites A (0.04 mg/kg) and C (0.02 mg/kg), with significant differences (p = 0.006). No lead (Pb) or cadmium (Cd) was found at any location.
The heavy metal concentrations in the Oba tributaries exhibit notable seasonal fluctuations (p
< 0.05) as indicated in Table 2. Both seasons had iron levels above the 0.3 mg/kg threshold (NSDWQ, WHO), with the rainy season having greater levels (6.51 mg/kg) than the dry season (4.22 mg/kg, p = 0.032). While remaining below safe ranges (1–2 mg/kg), copper levels were also considerably greater during the rainy season (0.06 mg/kg) than during the dry season (0.03 mg/kg, p = 0.000). Zinc levels in the rainy and dry seasons were both below allowable limits (3 mg/kg NSDWQ; 0.1 mg/kg WHO), with rainy season levels being 0.02 mg/kg and dry season levels being 0.01 mg/kg (p = 0.000). In contrast, chromium was detectable in the dry season at 0.04 mg/kg (p = 0.000), which was still within the 0.05 mg/kg limit, but was not identified during the rainy season. In neither season were traces of lead or cadmium found.
Significant seasonal and spatial differences in heavy metal concentrations across the Oba tributaries are displayed in Table 3 (p < 0.05). Fe showed different trends at different sites: it rose at Site B from 7.33 to 8.79 mg/kg, declined precipitously at Site C from 9.29 to 1.80 mg/kg, and decreased at Site A from 2.89 mg/kg during the rainy season to 2.08 mg/kg during the dry season. All Fe values were higher than the 0.3 mg/kg regulation limit in spite of these differences. From 0.06 mg/kg during the rainy season to 0.02–0.03 mg/kg during the dry season, Cu steadily decreased at all sites while remaining within safe ranges of 1-2 mg/kg. In a comparable manner, zinc levels dropped dramatically during the dry season, falling between
0.01 and 0.03 mg/kg while still being well below allowable limits (3 mg/kg NSDWQ; 0.1

mg/kg WHO). At Site A, chromium levels rose from undetectable levels during the wet season to 0.08 mg/kg during the dry season, surpassing the 0.05 mg/kg limit. At Site B, chromium was not detected. Cr increased from undetectable to 0.05 mg/kg at Site C, precisely where the threshold was reached. In neither season were Cd or Pb found at any site.
[image: ]Figures 2–5 show monthly fluctuations in Fe, Cu, Zn, and Cr concentrations across Sites A, B, and C of the Oba tributaries from May to April. During the rainy season (May-October), Fe levels were constant but increased, with Site A averaging 2.88-2.90 mg/kg, Site B at 7.32-7.35 mg/kg, and Site C at 9.29-9.30 mg/kg. During the dry season (November-April), Fe levels decreased at Site A (~2.00-2.20 mg/kg), climbed at Site B (peaking at 9.00 mg/kg in February), and decreased significantly at Site C (as low as 1.70 mg/kg in December). Cu levels were consistently higher throughout the rainy months (0.054-0.064 mg/kg), but decreased in the dry season to 0.023-0.029 mg/kg, with Site A registering 0.025 mg/kg in December.
Zn followed a similar trend, with rainy season values ranging from 0.024-0.026 mg/kg (Site A), 0.014-0.016 mg/kg (Site B), and 0.033-0.035 mg/kg (Site C), but decreasing in the dry season, particularly at Site A (0.005-0.007 mg/kg). Cr was undetectable during the wet season but increased dramatically in the dry months. Site A attained 0.075-0.090 mg/kg, exceeding the 0.05 mg/kg restriction, while Site C peaked in December at 0.060 mg/kg, also over the barrier. Site B remained undetectable year-round.

Table 1. Spatial variations of heavy metal concentrations in water samples from Oba tributaries.

	PARAMETERS
	SITE A
	SITE B
	SITE C
	P-VALUE
	Regulatory Limits
 	

	
	
	
	
	
	NSDWQ (2017)
	WHO (2011)

	Iron (mg/kg)
	2.48±0.12a
	8.06±0.22c
	5.55±1.13b
	0.000
	0.3
	0.3

	Copper (mg/kg)
	0.05±0.01a
	0.04±0.00a
	0.05±0.01a
	0.683
	1
	2

	Zinc (mg/kg)
	0.02±0.00a
	0.01±0.00a
	0.03±0.00b
	0.000
	3
	0.1

	Chromium (mg/kg)
	0.04±0.01b
	ND a
	0.02±0.01b
	0.006
	0.05
	0.05

	Cadmium (mg/kg)
	ND
	ND
	ND
	-
	0.003
	0.003

	Lead (mg/kg)
	ND
	ND
	ND
	-
	0.01
	0.01


[image: ]*p-value < 0.05 indicate significance. Values are expressed as Mean ± SEM using One-Way Analysis of Variance (ANOVA) and Duncan Multiple Range Test for multiple comparison; a, b, c represents significance differences (P<0.05); Means with the same superscript are not significantly different (p>0.05); ND indicate not detected.


Table 2. Seasonal variations in the mean values of heavy metal concentrations in water samples from Oba tributaries

	PARAMETERS
	RAINY
SEASON
	DRY
SEASON
	P-VALUE
	Regulatory Limits
 	

	
	
	
	
	NSDWQ (2017)
	WHO (2011)

	Iron (mg/kg)
	6.51±0.65
	4.22±0.78
	0.032
	0.3
	0.3

	Copper (mg/kg)
	0.06±0.00
	0.03±0.00
	0.000
	1
	2

	Zinc (mg/kg)
	0.02±0.00
	0.01±0.00
	0.000
	3
	0.1

	Chromium (mg/kg)
	0.00±0.00
	0.04±0.01
	0.000
	0.05
	0.05

	Cadmium (mg/kg)
	ND
	ND
	-
	0.003
	0.003

	Lead (mg/kg)
	ND
	ND
	-
	0.01
	0.01


*p-value < 0.05 indicate significance. Values are expressed as Mean ± SEM using independent samples t-test for comparison. ND indicate not detected.

[image: ]Table 3. Spatial and seasonal variations in the mean values of heavy metal concentrations of water samples from Oba tributaries

	PARAMETERS
	SITE A
	
	SITE B
	
	SITE C
	

	
	RAINY
	DRY
	P-VALUE
	RAINY
	DRY
	P-VALUE
	RAINY
	DRY
	P-VALUE

	Iron (mg/kg)
	2.89±0.00
	2.08±0.03
	0.000
	7.33±0.00
	8.79±0.07
	0.000
	9.29±0.00
	1.80±0.03
	0.000

	Copper (mg/kg)
	0.06±0.00
	0.03±0.00
	0.000
	0.06±0.00
	0.02±0.00
	0.000
	0.06±0.00
	0.03±0.00
	0.000

	Zinc (mg/kg)
	0.02±0.00
	0.01±0.00
	0.000
	0.02±0.00
	0.01±0.00
	0.000
	0.03±0.00
	0.02±0.00
	0.000

	Chromium (mg/kg)
	0.00±0.00
	0.08±0.00
	0.000
	ND a
	ND a
	
	0.00±0.00
	0.05±0.00
	0.000

	Cadmium (mg/kg)
	ND
	ND
	-
	ND
	ND
	-
	ND
	ND
	-

	Lead (mg/kg)
	ND
	ND
	-
	ND
	ND
	-
	ND
	ND
	-


*p-value < 0.05 indicate significance. Values are expressed as Mean ± SEM using independent samples t-test for comparison. ND indicate not detected.
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Fig. 2. Monthly Variations of Iron (mg/kg) Level in the Water samples from Oba Tributaries.Site A
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Fig. 3. Monthly Variations of Copper (mg/kg) Level in the Water samples from Oba Tributaries.
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Fig. 4. Monthly Variations of Zinc (mg/kg) Level in the Water samples from Oba Tributaries.Site A
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Fig. 5. Monthly Variations of Chromium (mg/kg) Level in the Water samples from Oba Tributaries.
3.2 Sediment Analysis
Sediment heavy metal concentrations in the Oba tributaries are shown in Table 4. Sites C and B had the highest levels of iron at 14.69 and 14.59 mg/kg, respectively, whereas Site A had the lowest at 6.97 mg/kg. All of the readings were higher than the WHO limit of 5 mg/kg, although the differences were not statistically significant (p = 0.075). Although it was still within the acceptable range (0.05–0.15 mg/kg), copper was found at Sites B (0.04 mg/kg) and C (0.03 mg/kg), exhibiting considerable variance (p = 0.002). Although zinc levels were consistently

[image: ]low at all locations (0.01 mg/kg), statistical analysis showed that Site C differed significantly from the others (p = 0.001), with all concentrations falling below the WHO limit of 1 mg/kg. With substantial variation (p = 0.000), chromium was lowest at Site A (0.01 mg/kg) and somewhat higher at Sites B and C (0.02 mg/kg), all of which were within the WHO norm (0.03–0.3 mg/kg). No cadmium was found at any location. With extremely significant differences (p = 0.000), lead was found at Site B (0.01 mg/kg) and significantly greater at Site C (0.08 mg/kg) than at Site A. The higher concentration at Site C indicates the need for careful monitoring, even though Pb readings were below the WHO limit of 5 mg/kg.
Sediment heavy metal concentrations from the Oba tributaries are compared by season in Table
5. Compared to the dry season (4.16 mg/kg, p = 0.000), the rainy season had much higher levels of iron (20.00 mg/kg), with rainy season levels significantly beyond the WHO standard of 5 mg/kg. While both stayed within the acceptable range (0.05–0.15 mg/kg), Cu also changed considerably (p = 0.000), being higher during the rainy season (0.04 mg/kg) than during the dry (0.01 mg/kg). Both seasons had low zinc concentrations (0.01 mg/kg), although there was a significant difference (p = 0.003), with values much below the WHO criteria (≤1 mg/kg). Throughout both seasons, Cr stayed within the permissible range of 0.03–0.3 mg/kg at 0.02 mg/kg with no discernible fluctuation (p = 0.939). In neither season was CD found. While concentrations were still below the WHO limit of 5 mg/kg, Pb was only found during the rainy season (0.06 mg/kg) and not during the dry season, with a significant difference (p = 0.002). Sediment heavy metals in the Oba tributaries exhibit distinct seasonal and spatial fluctuations, as seen in Table 6. Throughout all sites, iron (Fe) predominated, with significantly larger amounts during the wet season (p = 0.000). Lead (Pb) and copper (Cu) were not present at Site A, but they were considerably higher at Sites B and C during the wet season, with Pb reaching a peak of 0.15 mg/kg at Site C. While cadmium (Cd) remained undiscovered throughout, zinc (Zn) and chromium (Cr) were present at trace levels with minor but noticeable seasonal variations. Higher metal loads were generally observed during the rainy season, suggesting runoff-driven inputs.
Clear monthly patterns in sediment heavy metal levels throughout the Oba tributaries are seen in Figures 6–10. Particularly at Sites B (~25.3 mg/kg) and C (~25.15 mg/kg), iron rose during the rainy months (May–October). However, it dropped precipitously during the dry months (November–April) to ~4.3–4.5 mg/kg at all sites. Similar trends were seen in copper, which peaked at Site B during the rainy season (0.074–0.077 mg/kg) and then decreased to undetectable levels during the dry season. With very slight variations between wet (0.009– 0.016 mg/kg) and dry (0.004–0.007 mg/kg) months, zinc stayed low throughout. While

cadmium remained undiscovered throughout the year, chromium was stable overall and somewhat higher at Site A during the dry season. Lead was absent throughout the dry months and only showed up at Sites B (0.015–0.017 mg/kg) and C (0.150–0.152 mg/kg) during the rainy months. Rainfall had a significant impact on Cu and Pb enrichment, whereas iron dominated the metal load overall.
Table 4. Mean values of heavy metals concentrations of sediment samples from Oba tributaries.
	PARAMETERS
	SITE A
	SITE B
	SITE C
	P-VALUE
	WHO (mg/kg)

	Iron (mg/kg)
	6.97±0.78a
	14.59±3.23a
	14.69±3.16a
	0.075
	5

	Copper (mg/kg)
	ND
	0.04±0.01b
	0.03±0.00b
	0.002
	0.05–0.15

	Zinc (mg/kg)
	0.01±0.00a
	0.01±0.00a
	0.01±0.00b
	0.001
	≤1

	Chromium (mg/kg)
	0.01±0.00a
	0.02±0.00b
	0.02±0.00b
	0.000
	0.03–0.3

	Cadmium (mg/kg)
	ND
	ND
	ND
	-
	0.1

	Lead (mg/kg)
	ND
	0.01±0.00a
	0.08±0.02b
	0.000
	5


*p-value < 0.05 indicate significance. Values are expressed as Mean ± SEM using One-Way Analysis of Variance (ANOVA) and Duncan Multiple Range Test for multiple comparison; a, b, c represents significance differences (P<0.05); Means with the same superscript are not significantly different (p>0.05); ND indicate not detected.
Table 5. Seasonal variations in the mean values of heavy metals concentrations in sediment samples from Oba tributaries

	PARAMETERS
	RAINY SEASON
	DRY SEASON
	P-VALUE
	WHO (mg/kg)

	Iron (mg/kg)
	20.00±1.79
	4.16±0.05
	0.000
	5

	Copper (mg/kg)
	0.04±0.01
	0.01±0.00
	0.000
	0.05–0.15

	Zinc (mg/kg)
	0.01±0.00
	0.01±0.00
	0.003
	≤1

	Chromium (mg/kg)
	0.02±0.00
	0.02±0.00
	0.939
	0.03–0.3

	Cadmium (mg/kg)
	ND
	ND
	
	0.1

	Lead (mg/kg)
	0.06±0.02
	ND
	0.002
	5


*p-value < 0.05 indicate significance. Values are expressed as Mean ± SEM using independent samples t-test for comparison. ND indicate not detected.

Table 6. Spatial and seasonal variations in the mean values of heavy metal concentrations of sediment samples from Oba tributaries

	
PARAMETERS
	SITE A
	
	SITE B
	
	SITE C
	

	
	RAINY
	DRY
	P-VALUE
	RAINY
	DRY
	P-VALUE
	RAINY
	DRY
	P-VALUE

	Iron (mg/kg)
	9.55±0.01
	4.38±0.03
	0.000
	25.30±0.01
	3.88±0.02
	0.000
	25.16±0.00
	4.21±0.03
	0.000

	Copper (mg/kg)
	0.00±0.00
	0.00±0.00
	0.086
	0.08±0.00
	0.00±0.00
	0.000
	0.05±0.00
	0.02±0.00
	0.000

	Zinc (mg/kg)
	0.01±0.00
	0.01±0.00
	0.000
	0.02±0.00
	0.00±0.00
	0.000
	0.01±0.00
	0.01±0.00
	0.000

	Chromium (mg/kg)
	0.01±0.00
	0.02±0.00
	0.000
	0.02±0.00
	0.02±0.00
	0.000
	0.02±0.00
	0.01±0.00
	0.000

	Cadmium (mg/kg)
	ND
	ND
	
	ND
	ND
	
	ND
	ND
	

	Lead (mg/kg)
	ND
	ND
	
	0.02±0.00
	ND
	0.000
	0.15±0.00
	ND
	0.000


*p-value < 0.05 indicate significance. Values are expressed as Mean ± SEM using independent samples t-test for comparison. ND indicate not detected.
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Fig. 6. Monthly Variations of Iron (mg/kg) Level in the Sediment samples from Oba Tributaries.Site A
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Fig. 7. Monthly Variations of Copper (mg/kg) Level in the Sediment samples from Oba Tributaries.
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Fig. 8. Monthly Variations of Zinc (mg/kg) Level in the Sediment samples from Oba Tributaries.Site A
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Fig. 9. Monthly Variations of Chromium (mg/kg) Level in the Sediment samples from Oba Tributaries.Site A
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Fig. 10. Monthly Variations of Lead (mg/kg) Level in the Sediment samples from Oba Tributaries.

4. DISCUSSIONS
4.1 Heavy Metal Contamination of Water Samples in Oba Tributaries
The spatial distribution of heavy metals in the Oba tributaries revealed notable site-specific variations, reflecting both anthropogenic inputs and natural geochemical processes. Iron showed severe contamination across all sites, with concentrations exceeding the regulatory limits set by the Nigerian Standard for Drinking Water Quality (NSDWQ, 2017) and the World Health Organization (WHO, 2011), which prescribe 0.3 mg/L as the permissible threshold. The highest Fe level was observed at Site B, followed by Sites C and A. Elevated Fe in surface waters is often attributed to industrial effluents, mining runoff, and leaching from lateritic soils, which are widespread in tropical regions (Fadlillah et al., 2023). Chronic exposure to such elevated Fe concentrations may cause oxidative stress and hepatic injury in humans (Jiang et al., 2021).
Copper concentrations were consistently low across all sites, below NSDWQ and WHO standards, suggesting minimal anthropogenic influence, likely due to minor agricultural inputs or natural weathering (Briffa et al., 2020). These findings were in conformity with the work of Ojutiku et al. (2023) where copper levels in the River Lapai Gwari ranged from 0.02 to 0.03 mg/L, indicating a relatively low concentration across all sampling stations. Zinc levels were low, with slight variation across the sites, but within the permissible range, most likely due to atmosphere deposition and restricted use of galvanised materials. However, rivers influenced by industrial activities, such as the Kaduna River in Nigeria, have shown markedly higher Zn levels (Durojaiye et al., 2008). Although Zn is an essential micronutrient, elevated concentrations may present ecological risks, underscoring the need for ongoing monitoring in the tributaries. Chromium levels in Oba tributaries were low which is in line with the work of Oguzie and Okhagbuzo (2012) on Ikpoba river in Benin City, suggesting limited contamination. Lead and cadmium, however, were not found, indicating little exposure to vehicle and industry pollution.
The seasonal analysis of heavy metals in the Oba tributaries revealed significant fluctuations influenced by rainfall patterns and anthropogenic activities. The study found that iron concentrations were consistently higher in the rainy season than in the dry season, exceeding the permissible limit of 0.3 mg/kg. Similar seasonal increases in Fe have been reported, attributed to soil erosion and leaching from lateritic soils during rainfall events (Fadlillah et al., 2023). Rainy seasons reveal higher copper and zinc concentrations, but there are no immediate environmental or health problems. Zinc increases have been connected to roofing materials, vehicle emissions, and agricultural runoff (Oguntimehin et al., 2014; Andarani et al., 2021).

Chromium displayed an inverse seasonal trend, detected only in the dry season. This likely reflects reduced dilution and concentrated industrial effluents during low-flow conditions. Comparable seasonal patterns have been observed in other Nigerian rivers, where Cr peaks were noted in dry periods, as seen in the work of Amaechi et al. (2025) on selected rivers in Anambra. Notably, Cr levels in the Oba tributaries remained below the WHO guideline of 0.05 mg/kg. Cadmium and lead levels in Oba tributaries were undetectable in both seasons, indicating lower anthropogenic inputs.
4.2 Heavy Metal Concentrations in Sediments of Oba Tributaries
Iron concentrations were highest at Sites B and C, exceeding the WHO limit of 5 mg/kg, while Site A showed lower levels. Although differences were not statistically significant, the overall trend reflects natural inputs from lateritic soils in southwestern Nigeria. Similar Fe exceedances were reported in Ogun River sediments, linked to weathering and mining activities (Diayi et al., 2023). Copper was absent at Site A but detected at Sites B and C, remaining within WHO limits. The variation suggests localized runoff contributions, contrasting with higher levels reported in Niger Delta sediments affected by petroleum pollution (Ehiemere et al., 2022). Zinc levels were low across all sites but significantly higher at Site C, possibly from galvanized waste inputs.
Chromium was slightly higher at Sites B and C than at Site A, though all values were within WHO standards. Cadmium was undetected at all sites, consistent with findings in rural Nigerian rivers as also seen in the work of Tovide et al. (2024) in River Totowu. Lead appeared only at Sites B and C but remained below the WHO threshold. Higher Pb at Site C may reflect informal recycling, similar to Lagos Lagoon sediments (Famuyiwa et al., 2022).
The seasonal variations in sediment samples showed Fe concentrations to be significantly higher during the rainy season, exceeding WHO limits, likely due to runoff and erosion (Han and Liu, 2024). Similar wet-season increases have been documented in Benue Rivers (Adamu et al., 2024). Cu also peaked in the rainy season but stayed within safe limits, linked to agricultural runoff (Rahman et al., 2024). Zn remained consistently low, with only minor seasonal changes, while Cr showed no significant variation, reflecting stable natural sources. Cd was undetected in both seasons, while Pb appeared only in the rainy season, though below permissible limits. Its presence may reflect runoff and informal waste practices (Olatunji and Afolabi, 2020; Bhatt et al., 2025), similar to findings from Lagos lagoon (Mustapha et al., 2021).
5. CONCLUSION

Based on this study, the Oba tributaries have a moderate level of heavy metal contamination, with iron being the most serious issue. Particularly during the rainy season, Fe concentrations in both water and sediments regularly surpassed the WHO (2011) and NSDWQ (2017) limits, underscoring the impact of lateritic soil erosion, runoff, and potential industrial discharges. While chromium peaked during the dry season, indicating decreased dilution and possible industrial inputs, copper and zinc stayed within allowable limits but showed seasonal increases associated with agricultural and urban runoff. Although traces of lead in sediments at some locations indicate localised anthropogenic sources, lead and cadmium were mainly undetected.
6. RECOMMENDATIONS
Given these findings, it is therefore recommended that:
· Heavy metal levels in sediments and water must be continuously monitored, with special focus on seasonal variations in Cr and Fe.
· Community awareness programs are also crucial to protect public health, especially for populations that depend on these tributaries for agricultural and domestic use.
· Stricter regulation of effluent discharges and the adoption of best management practices in agriculture to minimise runoff should be the top priorities of pollution control strategies.
· Furthermore, reforestation and riparian buffers are examples of nature-based solutions that may help reduce erosion-driven metal inputs.
· In order to evaluate ecological risks and possible food chain transfer, future research should look into the bioaccumulation of heavy metals in aquatic organisms.
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