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Abstract
This study assessed the levels of selected heavy metals in surface water and sediment from the Mini-Welele River in Mgbuosimini Community, Obio/Akpor Local Government Area, Rivers State, Nigeria. Surface water and sediment samples were collected from five sampling stations along the river and analysed for heavy metals using atomic absorption spectrophotometry. The surface water results showed detectable concentrations of manganese, chromium, iron, lead, nickel and cadmium across the sampling stations. Manganese ranged from 0.078 to 0.175 mg/L, chromium from 0.117 to 0.465 mg/L, iron from 1.00 to 1.90 mg/L, lead from 0.430 to 0.785 mg/L, nickel from 0.374 to 0.625 mg/L and cadmium from 0.117 to 0.168 mg/L. The measured concentrations of chromium, iron, lead, nickel and cadmium exceeded the permissible limits cited in the study, while manganese remained below the stated limit. Sediment analysis showed chromium concentrations ranging from 2.31 to 76.15 mg/kg, lead from 27.78 to 87.41 mg/kg and nickel from 15.42 to 24.45 mg/kg. Contamination factor values indicated low to moderate chromium contamination, moderate to considerable lead contamination and low nickel contamination across the stations. Geoaccumulation index values suggested generally unpolluted to moderately polluted conditions, while pollution load index values below 1 indicated no overall pollution load based on the combined sediment metal assessment. The findings show that the Mini-Welele River receives measurable heavy metal inputs, particularly in surface water, and that continued monitoring is necessary to support environmental management and public health protection in the surrounding community.
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INTRODUCTION
 “The quality of water refers to the physical and biological characteristics of water based on the standards of its usage (Johnson et al., 1997). It is most frequently used by reference to set of standards against which compliance, generally achieved through treatment of the water, can be accessed. The most common standards used to monitor and access water quality convey the health of ecosystems, safety of human contact; extent of water pollution and condition of drinking water (Johnson et al., 1997).
Surface water are self-sustaining ecosystems that, without any human interference and natural disasters, could be able to indefinitely support both themselves and all forms of life within them. They are vital but vulnerable fresh water systems that are critical for the sustenance of all life (Venkatesharaju et al., 2010).
The declining quality of water in these systems threatens their sustainability and is therefore a cause for concern. Since most rural communities around the world traditionally take their water supply from rivers, dams, spring, lakes, ponds or from shallow dug wells (Sun et al., 2010; Aneck-Hahn et al., 2009; WHO and UNICEF 2006), increasing pollution from urban, industrial and agricultural sources is making available resources unusable and dangerous to health, (Contaminated surface water, 2008). Globally, about 1.6 billion children under the age of 5 years die annually due to unsafe drinking water coupled with lack of basic sanitation (WHO and UNICEF, 2006). In developing world alone, almost 5 million deaths annually are due to water related disease, as water quality problems are affecting virtually all the developing world’s major rivers (Contaminated surface water, 2008). Even where pollution levels in the main stem of river are in acceptable levels, serious problems are often seen in the tributaries; usually local streams that have become urban drains. Unfortunately, these urban drains are also the main source of water for drinking and daily use for downstream poor communities along their banks. Compared with pristine conditions, rivers and systems worldwide have doubled their content of nitrogen and phosphorus as a consequence of human activities (Camargo et al., 2004). Sever pollution levels can cause rivers to become biologically dead and poisonous to drink from. Cause of surface water pollution is diverse; though anthropogenic activities are the major contributors to fresh water pollution. For example, continued discharge of nutrient-rich waste water effluent into surface water resource, leads to eutrophication problems. While statistics show Cambodia, Indonesia, the Philippines and Vietnam all have abundant internal fresh water resource per capita, they nevertheless suffer from significant fresh water pollution from human activities (Hutton et al., 2007). In Vietnam, for example, 130/0 of households dispose of solid waste to water course (Hutton et al., 2007). In agriculture, while the application of organic manure and or inorganic fertilizers will boost the production of good crops and so make food affordable to even the low socio-economic class, nutrient application in excess of plant needs has a potential to pollute surface water as well as ground water (Bhumbla, 2011). Apart from waste water effluents and agriculture, storm water run – off from the built –up environment is another source of nutrient enrichment in rivers (Bhumbla, 2011).
Surface water pollution also has economic consequence. A serious problem impacting on communities relying on polluted water sources for the production of potable water is the eventual cost of potable water. Treatment cost may become so excessive that water becomes available only to those who can afford it (Hutton et al., 2007). Pollution of surface water by agricultural run–offs like sediment, nutrients, pesticides, salts and pathogens can impose costs on water users. Pesticides are especially difficult to remove from fresh water and thus can be found in municipals or bottled water, even after conventional treatment (Maria, 2003). Eutrophication of surface waters may accelerate alga production, resulting in clogged pipelines, fish kills, which may result in loss of revenue, and reduced recreational opportunities (USEPA, 1998). Sediment is the largest contaminant of surface water by weight and volume (Koltun et al., 1997). Besides increasing the cost of water treatment for municipal and industrial water uses, sediment can also destroy or degrade aquatic wildlife habitat, reducing diversity and damaging commercial and recreational fisheries. In addition, many toxic materials can be bound to silt and clay particles that are carried into water bodies, including nutrients, pesticides, industrial wastes metals (Oster et al., 1998).
In addition to anthropogenic activities, meteorological events are also major determinants of physicochemical parameters such as pH and turbidity of the water (Zamxaka et al., 2004). These parameters greatly influence the biochemical reactions that occur within the water, and drastic changes in their levels may be indicative of changing conditions in the water. The imbalance between the construction of settlement (formal and informal) and sanitary infrastructure to carter for such increase in population growth, poses a serious threat to the existing water resources, both through increased demand in terms of increased abstraction and storage, and through pollution by disposal, dilution and transportation of effluents. Hence, the need for a better understanding of the qualities of water resources and sediment becomes imperative in the management and mitigation of problems that may arise, such as pollution.
 
Mini-Welele River is exceptionally important to the inhabitants of Mgbuosimini community in Rumueme, Port-Harcourt, as it serves as a drainage system, important ecological function, provides coastal protection, recreation, resources as sea food, energy, tourism and economic development. 
The increase in water body pollution due to the numerous human activities such as dredging, drainage constructions, waste disposal and burning, building construction, and agriculture etc. can lead to increase in water temperatures, elevated nutrients levels, low dissolved oxygen concentrations, elevated pH, potential ammonia toxicity, increased incidence of fish disease, an abundance of aquatic plant growth, high chlorophyll levels (both planktonic and periphytic algae), high concentration of potential toxic elements and high concentration of toxicogenic blue-green algae. The presence of these pollutants at elevated levels has protracted destructive effects on aquatic biota and also ends self-purification processes of water and the behaviour of plants and animals present in the receiving aquatic medium and other beneficial uses to which water may be applied (Isaiah et al., 2019).
When there is interference of pollutants or contaminants with water, there is a resultant decrease in its quality and this can be made known when different water assessment parameters have gone beyond the permissible limits for consumption, through laboratory measurements and evaluation (Kalagbor et al., 2021).  
Surface water pollution occurs when a body of water on the earth surface is polluted. It is the pollution that occurs in ocean, rivers, sea, streams, lakes etc. Because of their geographical locations, surface waters easily become contaminated, and some leading causes of surface water pollution come from contaminated rain water runoff. 
Surface water plays a major role in assimilation or carryout out of municipal and industrial waste water and runoff from agricultural land, the former constitutes of constant polluting non-point sources whereas the latter is a seasonal phenomenon. With the rapid development in agriculture, mining, urbanization and industrialization activities, the river water contamination with hazardous wastes and waste water is becoming a common occurrence (Ali, 2012).
(Rapu, 2003) reported that in South Africa, over 15% of rural dwellers depend on polluted river waters for their water supply, which in most cases are by agricultural chemicals and industrial effluents. Shuaib (2007) was of the opinion that over 40% of Nigerians depend on either polluted surface waters or wells for their domestic activities. He also argued that the constant use of heavily polluted water for a long time usually results in health problems.
Researchers in different parts of the world have reported health problems associated with prolong time use of polluted surface water which range from dysentery, diarrhea, abortion, premature birth, viral hepatitis and gastric and duodenal ulcers among others (Oguzie and Okagbuo, 2010).

MATERIALS AND METHODS
Sampling Area
The Mini-Welele River is basically a very busy environment when it comes to fishing and transportation activities. The river is situated at Lat. 4.41939o N and Long 7.02001o E, in Obio/Akpor Local Government Area of Rivers State (Fig. 1).

Sample Collection and Preparation

Surface water samples were collected using 1liter plastic containers. Specifically, sterile vial plastic bottles were used to collect surface water samples for heavy metals 




Sediment samples were collected using 1liter plastic containers. Specifically, sterile vial plastic bottles were used to collect sediment samples for heavy metal 
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                                                    Figure 1: Map of the Study Area

Determination of Heavy Metals in Surface Water Samples
Principle:
In flame atomic of absorption spectrometry, a sample is aspirated as a fine mist into a flame and atomized. A light beam is directed through the flame into a monochromator, followed by photodetector which measures the amount of the light absorbed by the atomized elements in the flame. As each metal has its own characteristic absorption wavelength, a source lamp composed of that element is used, which makes it free from spectral or radiation interferences. The amount of the energy at the characteristic wavelength absorbed in the flame is proportional to the concentration of the elements in the sample over a specific limit of concentration range.   
Procedure:
Standard solutions of respective known metal concentrations in water with a matrix similar to the samples were prepared. Appropriate volume of the samples was then digested each with 1ml conc. HCl for 20-30 min.  The blank was also prepared and digested accordingly. The absorbance was then read out on the display screen after aspiration.
Calculation:			

Determination of Heavy Metals in Sediment Samples
Principle:
In flame atomic of absorption spectrometry, a sample is aspirated as a fine mist into a flame and atomized. A light beam is directed through the flame into a monochromator, followed by photodetector which measures the amount of the light absorbed by the atomized elements in the flame. As each metal has its own characteristic absorption wavelength, a source lamp composed of that element is used which makes it free from spectral or radiation interferences. The amount of the energy at the characteristic wavelength absorbed in the flame is proportional to the concentration of the elements in the sample over a specific limit of concentration range.   
Procedure:
Standard solutions of respective known metal concentrations in water with a matrix similar to the samples were prepared. Appropriate volume of the samples was then digested each with 1ml conc. HCl for 20-30 min.  The blank was also prepared and digested accordingly. The absorbance was then read out on the display screen after aspiration.
Calculation:			


Determination of Contamination Factor
The contamination factor (CF) was determined using the equation

Where CFi = contamination factor of the heavy metal, i; Ci = measured concentration of the heavy metal and Bi = background value of the heavy metal. The background values for the heavy metals analyzed in the sediment samples are Cr (71.3 mg/kg); Pb (29.7 mg/kg) and Ni (31.9 mg/kg) (CNEMC, 1990).”


RESULTS AND DISCUSSION

Mean levels of heavy metals in the water samples are shown in Table 1.
Manganese levels ranged from 0.078±0.000 - 0.175±0.002 mg/L; Chromium levels ranged between 0.117±0.004 - 0.465±0.099 mg/L; Iron levels were between 1.00±0.000 and 1.90±0.000 mg/L; Lead levels ranged from 0.430±0.014 - 0.785±0.086 mg/L; Nickel levels ranged between 0.374±0.001 and 0.625±0.001 mg/L and Cadmium levels ranged from 0.117±0.000 - 0.168±0.001 mg/L.
Variation in the heavy metal levels analyzed in the water samples across the stations in the study area is shown in Figs. 1.



Figure 2: Mean Levels of Heavy Metals



The acceptable limits for nickel by WHO and NSDWQ are 0.07 mg/L and 0.02 mg/L respectively. Surface water samples in all the stations highly exceeded the set standard limits. The highest nickel level of 0.625 mg/L was recorded at VIC ST3.
The mean levels for chromium in all the surface water samples exceeded the permissible limit of 0.05 mg/L set by WHO and NSDWQ. VIC ST3 recorded the lowest level of 0.117 mg/L while the highest level of 0.465 mg/L was recorded at VIC ST5. Chromium ions in water may have an erythropoietin impact, such as an expanded event of goiter among people and animals (Oyeku and Eludoyin, 2010).
The mean levels of manganese in all stations fell below the permissible limit of 0.2 mg/L set by NSDWQ and the WHO limit 0f 0.05 mg/L. 
The permissible limit for iron, as set by WHO and NSDWQ, is 0.30 mg/L and all surface water samples had iron levels above the set limit. The highest level of 1.9 mg/L was recorded in VIC ST2 while the lowest limit of 1.00 mg/L was recorded in VIC ST3. Water containing an excessive concentration of iron has been reported to constitute a human health hazard leading to hemochromatosis, whose signs include fatigue and eventually, heart disease, liver complications, and diabetes (Nwachukwu et al., 2014).
The mean levels for lead in all the surface water samples exceeded the permissible limit of 0.01 mg/L as set by USEPA and NSDWQ. VIC ST2 station recorded the highest level of 0.785 mg/L while the lowest level of 0.430 mg/L was recorded at VIC ST3. 
The acceptable limit for Cadmium in surface water, as set by WHO and NSDWQ is 0.003 mg/L. Surface water samples from all the stations had cadmium levels above the acceptable limits.


Table 2: Mean Levels of Heavy Metals in Sediment Samples
	Station
	Cr (mg/kg)
	Pb (mg/kg)
	Ni (mg/kg)

	VIC 1
	76.15±7.0
	48.10±28.2
	15.52±14.5

	VIC 2
	33.25±2.5
	87.41±52.2
	21.72±16.5

	VIC 3
	34.55±1.3
	44.46±46.5
	15.42±18.4

	VIC 4
	30.05±2.2
	38.16±36.4
	24.45±13.3

	VIC 5
	2.31±2.3
	27.78±33.4
	20.68±12.3




Heavy Metal Properties in Sediment Samples
Chromium levels in the sediment samples were above the permissible limit of 0.5 mg/kg in all the stations. The lowest level of 2.31 mg/kg was recorded in Station 5 while the highest level of 76.15 mg/kg was recorded at Station 1. 
Lead levels were also above their permissible limit of 0.01 mg/kg in all the sediment samples. Station 3 and Station 2 recorded the lowest and highest levels of 27.78 and 87.41 mg/kg respectively.
The mean levels of nickel in the sediment samples were higher than the permissible limit of 0.07 mg/kg. Station 3 recorded the lowest level of 15.42 mg/kg while Station 4 recorded the highest level of 24.45 mg/kg.
A comparison of the heavy metal levels in surface water and sediment samples in the study area revealed that the levels of heavy metals in the sediment samples were much higher than those obtained in the surface water samples. 

Contamination Factor
Levels of contamination factor for the various heavy metals analyzed in the sediment samples are shown in Table 3. Contamination factor levels for Chromium ranged between 0.03 and 1.04, CF levels for Lead ranged between 1.10 and 3.53 while CF levels for Nickel ranged between 0.56 and 0.93   

Table 3: Contamination Factor of Heavy Metals in Sediment Samples 
	Station
	Chromium
	Lead
	Nickel

	VIC 1
	1.04
	1.55
	0.56

	VIC 2
	0.55
	               3.53
	              0.78

	VIC 3
	0.48
	               2.04
	0.62

	VIC 4
	0.42
	               1.40
	0.93

	VIC 5
	              0.03
	               1.10
	0.69




Table 4: Geo accumulation index and Pollution load index of Sediment samples 
	Geoaccumulation Index (Igeo)
	VIC 1
	VIC 2
	VIC 3
	VIC 4
	VIC 5

	Igeo_Cr
	-0.490
	-1.686
	-1.630
	-1.831
	-5.533

	Igeo_Pb
	0.111
	0.972
	-0.003
	-0.223
	-0.681

	Igeo_Ni
	-1.624
	-1.139
	-1.634
	-0.969
	-1.210

	Pollution Load Index (PLI)
	
	
	
	
	

	PLI
	0.944
	0.978
	0.705
	0.746
	0.270



Heavy Metal Contamination Factor
Contamination Factor (CF), which is a single index, is considered to be a simple and effective tool in monitoring heavy metal contamination (Hakanson, 1980). According to Tomlinson et al (1980), Contamination Factor is classified as follows: 
CFi < 1 = LOW; 1 ≤ CFi < 3 = MODERATE; 3 ≤ CFi < 6 = CONSIDERABLE; CFi > 6 = VERY HIGH.
Contamination factor level for chromium indicated that samples from Stations 2, 3, 4 & 5 were less contaminated by chromium; while that of Station 1 recorded moderate contaminated by chromium.
Contamination factor level for lead indicated that station 5 was less contaminated by lead, while Stations 1, 2, 3, & 4 recorded moderate contaminated by lead.
 The contamination factor level for nickel showed that all stations had samples less contaminated by nickel.

The Geo-accumulation Index (Igeo) and Pollution Load Index (PLI)   

The Geo-accumulation Index (Igeo) values indicate that chromium in all sampled stations was generally within the unpolluted to slightly polluted range, with all stations recording negative values (VIC 1 = -0.490; VIC 2 = -1.686; VIC 3 = -1.630; VIC 4 = -1.831; VIC 5 = -5.533), suggesting minimal enrichment and a predominantly lithogenic origin rather than anthropogenic input. Lead showed a contrasting pattern, where VIC 1 (0.111) and VIC 2 (0.972) fell within the unpolluted to moderately polluted class, indicating early signs of anthropogenic influence, while VIC 3 (-0.003), VIC 4 (-0.223), and VIC 5 (-0.681) remained within the unpolluted class, suggesting relatively low contamination in those stations. Nickel exhibited consistently negative Igeo values across all stations (VIC 1 to VIC 5 ranging from -1.624 to -0.969), indicating unpolluted conditions and minimal anthropogenic enrichment of this metal in the sediment environment.  
The Pollution Load Index (PLI) values across the study area ranged from 0.270 to 0.978, with all stations recording values below 1 (VIC 1 = 0.944; VIC 2 = 0.978; VIC 3 = 0.705; VIC 4 = 0.746; VIC 5 = 0.270). This indicates that all sampled stations fall within the no pollution category, suggesting that, when considered collectively, the overall heavy metal load in the sediments does not exceed baseline environmental conditions. The highest PLI recorded at VIC 2 (0.978) suggests this station is closest to pollution threshold conditions, while VIC 5 (0.270) reflects the least impacted site.

The present study reveals a clear pattern of heavy metal contamination in both surface water and sediments, with Pb, Ni, Cr, and Fe exceeding permissible limits in water while sediments show even higher accumulation levels, particularly for Pb and Cr. This pattern is widely supported by several studies across Nigeria and other regions, although variations in concentration levels, dominant metals, and contamination severity exist depending on location, industrial activities, and geochemical conditions.
In Nigeria, the findings of this study strongly align with the work of Bawa-Allah (2023), who reported that multiple heavy metals including Cd, Cr, Mn, Ni, and Pb exceeded WHO limits in Nigerian river systems. Although Bawa-Allah (2023) did not provide site-specific concentrations, the study confirmed a multi-metal pollution pattern similar to the present study, where more than one toxic metal exceeded regulatory thresholds. This similarity suggests that heavy metal pollution is not isolated to the present study area but is a widespread issue across Nigerian aquatic environments, likely driven by anthropogenic inputs such as industrial discharge, agricultural runoff, and urban waste disposal.
Further alignment is observed with Ehiemere et al. (2022) in Niger Delta fish farm water systems, where Cd, Cr, Mn, and Pb were detected at levels ranging from below detection limits to 0.736 ppm for Pb. These values, particularly Pb concentrations, reflect a pattern consistent with the present study where Pb also recorded significant exceedance (0.430–0.785 mg/L). However, a slight contrast exists in that Cd in Ehiemere et al. (2022) showed wider variability and sometimes higher peaks than observed in the present study (0.117–0.168 mg/L). This suggests that while both studies confirm Pb as a dominant contaminant, Cd may be more site-sensitive, influenced by localized industrial or agricultural sources in the Niger Delta fish farm environment compared to the present study area.
A stronger point of comparison is found in Ogbonna and Origbe (2021), who studied Bodo and Bonny River systems in Nigeria and reported extremely high levels of Fe (58.6–63.0 mg/kg), Ni (42.34–50.00 mg/kg), and other metals exceeding DPR limits. Compared to the present study, where Fe ranged between 1.00–1.90 mg/L in water, their findings indicate significantly higher pollution intensity in certain Niger Delta environments. This contrast suggests that while the present study area is contaminated, it is less severely impacted than heavily industrialized oil-producing regions like Bodo and Bonny, where petroleum-related activities intensify metal loading.
Similarly, Jolaosho et al. (2023) in Lagos dredged river systems reported Fe (0.170–1.040 mg/L), Cr (0.001–0.080 mg/L), and Pb (0.001–0.050 mg/L) in water. Compared to the present study, Pb and Cr levels in Lagos were generally lower, indicating a contrast in contamination severity. However, sediment analysis in the same study revealed higher accumulation, particularly for Fe (144.82–261.49 mg/kg), which aligns with the present study’s observation that sediments serve as long-term sinks for heavy metals. This agreement reinforces the concept that sediment acts as a reservoir for persistent pollutants even when water concentrations fluctuate.
The findings of Khan et al. (2023) in Pakistan’s Swat and Panjkora Rivers also align closely with the present study, particularly in terms of multi-metal exceedance. Their reported ranges for Cr (0.025–0.048 mg/L), Ni (0.034–0.048 mg/L), Pb (0.024–0.048 mg/L), and Cd (0.021–0.056 mg/L) showed widespread exceedance of WHO limits in over 91% of samples. Although absolute concentrations in Khan et al. (2023) are lower than those in the present study, the pattern of simultaneous contamination by multiple metals is consistent. This suggests that even moderate concentrations can still represent significant ecological and health risks when multiple toxic metals co-exist.
In Bangladesh, Preonty et al. (2025) reported severe pollution in Gazipur water systems with Cd, Pb, Ni, and Cr exceeding WHO limits. This finding strongly aligns with the present study in terms of contamination pattern, especially for Pb and Ni dominance. However, the Bangladeshi study indicated more severe overall pollution intensity, suggesting that industrial density and untreated effluent discharge may be higher in that region compared to the present study area.
Similarly, Bhuyan et al. (2017) in the Meghna River system reported elevated Fe and Ni concentrations above WHO standards, while other metals remained within limits. This presents a partial contrast to the present study, where multiple metals (Pb, Ni, Cr, Fe) exceeded limits simultaneously. The Meghna River system therefore represents a less complex contamination profile compared to the present study, where multi-metal pollution is more pronounced.
In India, Botle et al. (2022) reported widespread exceedance of Fe, Cr, Pb, Ni, Cd, and Mn in river systems, showing a strong alignment with the present study’s multi-metal contamination pattern. However, their study indicated more extreme concentrations in several cases, suggesting a higher pollution burden in heavily industrialized or densely populated catchments compared to the present study area.
Further supporting evidence is provided by Zhou et al. (2020), who reported global trends of heavy metal contamination in rivers and lakes, particularly in developing regions of Africa and Asia. Their findings align with the present study by confirming that Pb, Ni, Cr, and Fe are among the most frequently elevated metals worldwide. This global perspective strengthens the interpretation that the present study reflects a broader environmental issue rather than a localized anomaly.
In contrast, Olomukoro and Enabulele (2024) reported sediment metal levels in Ozomu Lake, Nigeria, with Fe reaching 1194.86 mg/kg and other metals like Zn, Cu, Mn, Pb, and Cd present at moderate levels. Compared to the present study, their Fe concentrations are significantly higher, indicating a stronger geogenic or anthropogenic influence in that lake system. However, both studies agree on the general principle that sediments accumulate higher metal loads than overlying water, confirming long-term retention processes.
The findings of Ifiora et al. (2026) in Okulu River show strong exceedance of Pb and Cr, with Cr reaching up to 24.09 mg/L and Pb up to 14.91 mg/L, which are far higher than those observed in the present study. This represents a clear contrast in pollution intensity, suggesting that Okulu River is under more severe industrial or waste discharge pressure. Despite this difference, both studies confirm Pb and Cr as key pollutants of concern in aquatic systems.
A similar pattern is observed in Eferegbo et al. (2025) in Mini Ngulo Stream, where Mn, Cr, and Pb exceeded WHO standards. This aligns with the present study in terms of metal types involved, although Mn in the present study remained within permissible limits. This contrast suggests that manganese contamination is more site-dependent and influenced by local geochemical conditions rather than uniform anthropogenic sources.

Conclusion
The study evaluated selected heavy metals in surface water and sediment from five stations along the Mini-Welele River in Mgbuosimini Community, Rivers State, Nigeria. The results showed that several metals were present in the surface water at concentrations above the permissible limits cited in the study. Chromium, iron, lead, nickel and cadmium exceeded the stated limits across the sampling stations, while manganese remained within the reported acceptable range. Sediment samples also contained measurable concentrations of chromium, lead and nickel, with lead showing the most notable contamination pattern based on the contamination factor values. The contamination factor results indicated low to moderate chromium contamination, moderate to considerable lead contamination and low nickel contamination. Geoaccumulation index values generally suggested unpolluted to moderately polluted sediment conditions, and pollution load index values below 1 indicated no overall pollution load when the selected sediment metals were considered together. Overall, the findings suggest that the Mini-Welele River is affected by heavy metal contamination, especially in the surface water. Regular monitoring, improved control of waste disposal, and enforcement of environmental protection measures are recommended to reduce further metal input into the river system.
Limitations
This study was limited to selected heavy metals in surface water and sediment from five sampling stations along the Mini-Welele River. The sampling design did not include seasonal comparison, and therefore temporal variation between wet and dry periods could not be assessed. The study also focused on metal concentrations and selected pollution indices, without evaluating other important water quality parameters such as dissolved oxygen, biochemical oxygen demand, nutrients, microbial quality or organic contaminants. The sources of the detected metals were inferred from surrounding activities but were not confirmed using source apportionment or geochemical fingerprinting methods. In addition, biological samples were not analysed, so bioaccumulation and direct ecological risk to aquatic organisms could not be determined. Future studies should include seasonal sampling, broader physicochemical and biological parameters, quality assurance details, and source identification methods to provide a more comprehensive assessment of pollution status and environmental risk in the river system.
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