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ABSTRACT
The Okrika creeks, rivers and streams in Rivers State, Nigeria are very important and vital component of the Niger Delta region’s marine ecosystem that supports various aquatic lives and socioeconomic activities. This marine ecosystem is facing significant environmental challenges due to anthropogenic activities such as oil and gas exploration, production operations, chemical and fertiliser production operations including marine transportation which have led to the release of various pollutants including xenobiotic substances into the marine environment. This research assessed the levels of heavy metals in fishes from creeks around Okrika Communities, Rivers State. The study employed an integrated mixed-methods research approach, utilising a spatial experimental and cross-sectional design. Purposive sampling was conducted across four strategic creeks: Okochiri, Ekerekana, Okpoka-Toru and Oba Ama selected due to their proximity to major pollution point sources such as industrial effluent discharge points. Samples of fish were collected during wet and dry seasons to account for temporal variability. The concentrations of heavy metals were determined with Buck AA 500 Atomic Absorption Spectrophotometer. The results revealed a compromised aquatic environment with most prevalent metals, Fe (0.200 ±0.098 – 0.284± 0.045) and Zn (0.066 ± 0.028 – 0.184 ± 0.247). The health risk assessment for heavy metals demonstrated that both the Hazard Quotient (HQ) and Hazard Index (HI) values for ingestion and dermal exposure were below 1 for children and adults,The human health risk assessment yielded hazard indices and carcinogenic risk values that indicated significant potential for adverse health outcomes in the local population, particularly through long-term consumption of contaminated fish. This study provides evidence that the creeks around Okrika communities are polluted by toxic heavy metals linked to anthropogenic activities, resulting in an ecosystem under severe duress and posing a clear and present danger to public health. The bioaccumulation of metals in fish, a staple food source, represents a critical exposure pathway for the community; hence the study recommends public health advisories to educate the local population on the risks associated with consuming fish from these creeks.
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                                                 INTRODUCTION
Global surface water and sediments are found in creek, rivers, wetlands, mangrove swamps, coral reefs, estuaries etc. (Onwugbutaet al., 2022). These water bodies put together occupy seventy-one (71%) percent of the earth’s surface, and is one of the most demanded and essentials of all natural resources that are indispensable for human socio-economic activities and sustenance (United States Geologic Survey (USGS), 2021). Water is abundant everywhere on planet earth, but fresh potable water is not always available at the right time and place(s) for human use and ecosystem functioning (USGS, 2021). Surface water and sediments including fishes are critical essential components of the earth’s hydrological cycle, playing critical roles in shaping the marine ecological environment, supporting life and influencing human activities and well-being (Ogaga et al., 2018). 
Coastal areas have abundance of surface water, sediments and fishes, and are sites of discharge and accumulation of pollutants (Ideriah et al., 2012). It has been shown by studies conducted on heavy metal discharges and accumulation in rivers, lakes, fish and sediments, that heavy metal contamination of coastal waters and sediments including fishes, has been identified as a serious threat to coastal surface water, sediments and fishes in Nigeria (Ideriah et al., 2010a; Ideriah et al., 2010b; Ideriah et al., 2012).
Surface water, sediments and fish’s health quality and their parameters played very important roles in enhancing the healthy quality and functioning of the marine ecosystems of coastal nations (Ogaga et al., 2018). Thus, aquatic organisms have their own tolerance limits to the physical parameters such as pH, temperature and turbidity including the chemical and biochemical parameters (Iyama et al., 2020). Water is a resource that has many uses, including recreation, transportation, hydroelectric power generation as well as domestic, industrial and commercial uses (Kumar & Putri, 2012). Kumar and Putri (2012), also asserted that water also supports all forms of lives and affects human health, life style and economic wellbeing. Although, more of the water available (71%), only about 2.8% of the earth’s water is available for human consumption (Kumar & Putri, 2012). At present, approximately one-third of the world live in countries with moderate to high water stress, especially fresh potable water (Uzamere et al., 2023a). Moreover, the world-wide fresh – water consumption had increased by six folds between 1900 and 1995, and between 2000 and 2020, as such more than twice the rate of the world are facing water scarcity problem due to limitation of the fresh water resources, considering the growing population trend globally (Kumar & Putri, 2012; Uzamere et al., 2023b).
Heavy metals, xenobiotics and other pollutants have been widespread, and have caused significant threat to the wellbeing of humans and ecosystem stability due to changes in the physicochemical parameters of water and sediments qualities and the bioaccumulation of xenobiotic in fishes and shell fish used as human food sources (UN, 2019). Nigeria’s Niger Delta region is faced with serious pollution issues of its surface water, sediments and fishes (Ogolo & Abam, 2021). In this view, studies by Iyama et al. (2020), Ogolo and Abam (2021) and Uzamere et al. (2023a) have indicated that majority of the creeks, rivers and streams and their surface water, sediments and fishes are seriously polluted, due to rapid population increase, industrialization, urbanization and non-enforcement of existing environmental laws. Coupled with the above, is the uncontrollable release of untreated waste effluent and wastewaters into the water bodies, thereby negatively affecting the physicochemical parameters and increased the concentration levels of xenobiotics, thus, affecting the surface water quality, sediments and aquatic life (Uzamere et al., 2023a).
The rivers, creeks and streams in Okrika Local Government Area have been polluted due to industrial effluents discharges, wastewater, sludges and other contaminants and pollution from the Refinery, Petrochemical Plants and the Fertiliser Company (Obire et al., 2008a; Ideriah et al., 2023). This has affected the littoral zone, the shallow surface, sediments and fishes in the creek along the shore, including the livelihood of the people of the area. Thus, the Okrika creek, rivers and streams in Rivers State, Nigeria are very important and vital component of the Niger Delta region’s marine ecosystem that supports various aquatic lives and socioeconomic activities. However, this marine ecosystem is facing significant environmental challenges due to anthropogenic activities such as oil and gas exploration, production operations, chemical and fertiliser production operations including marine transportation which have led to the release of various pollutants including xenobiotics into the marine environment, thus, changing the physicochemical quality of the water ecosystem (Uzamere et al., 2023a; Luo et al., 2023).


                                  MATERIALS AND METHODOLOGY
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This study adopted the purposive sampling procedurewhich allows for the collection of samples at various/points/stations along the creeks in Okrika LGA. The samples were collected during wet and dry seasons at the same locations along the selected creeks for study. 
Fish samples were collected using appropriate capture methods such as cast nets, gill nets and traps, depending on the habitat along the creeks around Okrika communities. Collected fish specimens were placed in sterile polyethylene bags and transported in iceboxes to the laboratory to prevent degradation.
The fishes were identified to species level, measured (length and weight) and dissected using sterile stainless-steel instruments. Tissues such as muscles, gills, and liver were excised for analysis. Samples for heavy metal analysis were weighed (approximately 10–20 g), homogenized, and digested with concentrated nitric acid (HNO₃) and perchloric acid (HClO₄) 
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Fig. 1. Study Area Shewing Sampling Locations


Tissue samples (1.0–2.0 g of muscle) were weighed and digested with 10 mL of aqua regia under controlled heat until complete decomposition. The resulting solution was filtered and made up to 50 mL for metal quantification.Therefore, heavy metal concentrations were determined using Buck AA 500Atomic Absorption Spectrophotometer, calibrated with certified standards and fitted with element-specific hollow cathode lamps. Quality assurance was ensured through the use of blanks, replicates and reference materials to validate the accuracy and precision of the results.
1. 
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The results in Table 1 and Figure 3showed that iron (Fe) recorded the highest mean concentrations across all fish samples, with values of 0.268 ± 0.079 (FS1), 0.284 ± 0.045 (FS2), and 0.200 ± 0.098 (FS3), suggesting greater iron bioavailability compared to other metals. Zinc (Zn) showed moderate but variable concentrations, particularly in FS1 (0.184 ± 0.247), compared with lower values in FS2 (0.066 ± 0.028) and FS3 (0.067 ± 0.029), indicating spatial variability in zinc accumulation. Copper (Cu) concentrations were relatively uniform, decreasing slightly from 0.034 ± 0.022 (FS1) to 0.029 ± 0.018 (FS3), while manganese (Mn) remained consistently low across samples, ranging from 0.004 ± 0.006 to 0.006 ± 0.005. Nickel (Ni) showed a constant mean value of 0.001 ± 0.000 across all samples, reflecting negligible nickel contamination. The Pearson correlation matrix in Table 2 reveals strong negative correlations between Mn and Zn (r = −0.9999) and between Mn and Cu (r = −1), indicating inverse relationships in their accumulation patterns. Conversely, strong positive correlations were observed between Cu and Fe (r = 0.8315) and between Zn and Cu (r = 0.7985), suggesting possible common sources or similar uptake mechanisms. The undefined correlations (0) involving Ni could be due to its constant concentration across samples, which results in zero variance and prevents correlation computation. A two-factor ANOVA results showed a statistically significant difference among metal types, with F-value of 27.30 exceeding the critical value (Fcrit = 3.84) and a very low p-value (p = 0.00010). In contrast, no significant difference was observed among the fish samples, as the calculated F-value (1.47) was lower than the critical value (4.46) and the p-value (0.286) exceeded the 0.05 significance 
level.
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Table1:Mean Concentrations of Selected Heavy Metals in Fish Samples
	S/N
	Parameter
	FS 1
	FS 2
	FS 3

	1
	Mn
	0.004 ± 0.006
	0.006 ± 0.006
	0.006 ± 0.005

	2
	Cu
	0.034 ± 0.022
	0.032 ± 0.017
	0.029 ± 0.018

	3
	Fe
	0.268 ± 0.079
	0.284 ± 0.045
	0.200 ± 0.098

	4
	Ni
	0.001 ± 0.000
	0.001 ± 0.000
	0.001 ± 0.000

	5
	Zn
	0.184 ± 0.247
	0.066 ± 0.028
	0.067 ± 0.029


1. 
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1. [bookmark: _Toc220523142]Figure 2 Concentrations of Selected Trace Metals in Fish Samples (FS1–FS3)
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1. Table2:Pearson Correlation Matrix of Trace Metals in Fish Samples
	 
	Mn
	Cu
	Fe
	Ni
	Zn

	Mn
	1
	
	
	
	

	Cu
	-0.803
	1
	
	
	

	Fe
	-0.3366
	0.83151
	1
	
	

	Ni
	0
	0
	0
	1
	

	Zn
	-1
	0.79854
	0.32961
	0
	1


1. 

In this study the pattern of heavy metal accumulation in fish tissues is characterized by iron (Fe) as the most abundant metal, followed by moderate levels of zinc (Zn), relatively low concentrations of copper (Cu) and manganese (Mn), and consistently negligible nickel (Ni), together with strong inter-metal correlations and statistically significant differences among metals but not among fish samples. This pattern shows strong alignment with numerous studies conducted in Nigeria and other regions of the world, indicating that the observed distribution reflects common geochemical availability and biological uptake mechanisms rather than site-specific anomalies.
In Nigeria, several studies reported Fe as the dominant metal in fish or in associated water and sediment environments. For example, studies from the Niger Delta involving Clariasgariepinus demonstrated high availability of Fe with comparatively lower concentrations of Zn and Cu and minimal Ni occurrence (Ehiemere et al., 2022). Similarly, investigations from the Lower River Niger reported a consistent trend of Fe > Zn > Pb > Cr > Ni > Cd in water and biotic components, with Ni frequently recorded as the least abundant metal, a finding that closely mirrors the constant and negligible Ni concentration (0.001 ± 0.000) observed across all fish samples in the present study. Research from the Abuloma River further supports this pattern, reporting Fe concentrations ranging from 0.346 to 1.047 mg/kg, moderate Zn levels, low Cu and Mn concentrations and non-detectable Ni in whole fish samples (Edmund, 2025).
Other Nigerian inland water studies also align with the present findings. Ayanda et al. (2019), working on Ogun River fish species, reported that although certain tissues such as gills may accumulate higher Mn or Zn, Ni was often not detected or occurred at extremely low levels. Likewise, Musa et al. (2025) documented Fe and Zn as the dominant metals in catfish and tilapia from Zuru Dam, with Cu often below detection limits and no significant differences observed between fish species, a result consistent with the present study’s ANOVA outcome showing no significant variation among fish samples (p = 0.286).
Globally, comparable metal accumulation patterns are widely reported. In India, Dhanakumar et al. (2014) observed an overall order of Fe > Zn > Pb > Cr > Mn > Cu > Ni in fish from the Cauvery reservoirs, placing Fe as the most abundant and Ni as the least accumulated metal, in strong agreement with the present study. Studies from Poland also reported Fe and Zn as the most prominent metals in fish tissues, with Cu and Mn occurring at lower levels and Ni remaining minimal, particularly in muscle tissues, which are known to accumulate fewer metals than organs such as liver or gills (Rajkowska & Protasowicki, 2013; Łuczyńska et al., 2020).
Similar trends have been reported in Asian aquatic systems. Azemahet al. (2018) documented substantially higher Fe concentrations compared to Cu and Mn in Osteochilusvittatus from Malaysia, reinforcing the dominance of Fe observed in the present study. In Dongting Lake, China, Jiang et al. (2022) reported that Fe readily biomagnifies in fish, while Ni often exhibits growth dilution and remains at low concentrations, which corresponds closely with the negligible Ni levels recorded in the present investigation. Studies from Pakistan further showed that Mn often exhibits the lowest accumulation potential, while Ni remains moderate to low, and Zn demonstrates variable accumulation depending on environmental availability (Kiran et al., 2025).
The metal–metal relationships observed in the present study are also consistent with global findings. Strong positive correlations between Cu and Fe (r = 0.8315) and between Zn and Cu (r = 0.7985) suggest shared sources or similar uptake pathways, which have been widely reported in fish exposed to mixed geogenic and anthropogenic inputs (Hossain et al., 2022; Musa et al., 2025). Conversely, strong negative correlations, such as those observed between Mn and Zn (r = −0.9999) and between Mn and Cu (r = −0.8030), are also well documented. For instance, Kiran et al. (2025) reported strong negative correlations between Cr and Fe and between Cr and Pb in Mystusseenghala, while Hossain et al. (2022) observed a strong inverse relationship between Ni and Pb in finfish from Bangladesh. These findings support the interpretation that antagonistic uptake, competitive binding, or differing regulatory mechanisms can produce strong inverse relationships among metals in fish tissues.
The statistical outcomes of the present two-factor ANOVA further align with existing literature. The significant difference observed among metal types (F = 27.30; p = 0.00010) but not among fish samples is consistent with reports from Poland, Malaysia, and Nigeria, where metal-specific properties rather than spatial or species differences were the primary drivers of variability (Łuczyńska et al., 2020; Musa et al., 2025). Such findings are commonly attributed to shared exposure pathways, similar trophic levels, or uniform environmental conditions influencing all sampled fish.
Despite this strong alignment, a key contrast lies in the absolute concentrations of metals. Many studies cited reported Fe, Zn, and Cu concentrations several times higher than those observed in the present study, often exceeding 1–10 mg/kg. This contrast suggests that while the relative accumulation pattern is consistent, the overall contamination burden in the present study area is comparatively low. This may reflect lower industrial pressure, reduced urban runoff or effective dilution processes within the aquatic environment under investigation.
Table 3 presents the Hazard Quotient (HQ) values for the ingestion pathway of the heavy metals. The HQ values provide an indication of potential non-carcinogenic health risks associated with metal intake, with values greater than 1 suggesting possible health concerns. Across all metals, HQ values were observed to be well below 1 for both children and adults, indicating no immediate non-carcinogenic risk from metal ingestion in the fish samples.
Among the metals analyzed, Iron (Fe) and zinc (Zn) showed HQ values of 0.0229 and 0.0225 for children, and 0.0098 and 0.0096 for adults, respectively. These results suggest that Fe and Zn, although essential micronutrients, may be enriched in the creek waters due to industrial inputs or natural weathering of metal-bearing rocks in the Okrika area.
Nickel (Ni) and manganese (Mn) also showed measurable HQ values (0.00320 and 0.00244 for children, respectively), but remained well below the risk threshold. Their presence can be linked to oil spillage, industrial corrosion and wastewater inputs from nearby activities. In contrast, cadmium (Cd) recorded HQ values of 0, indicating non-detectable concentrations or values below the threshold for risk estimation. This may reflect effective dilution, low input or strong adsorption of this metal to sediment particles, reducing their solubility in water.
A consistent trend was observed across all parameters — HQing values for children were higher than those for adults. This pattern reflects children’s greater sensitivity and exposure per body weight, emphasizing the importance of assessing risk in vulnerable groups. Although all HQ values are below 1, continuous exposure to even low concentrations of these metals may pose long-term health effects, particularly due to their potential for bioaccumulation.
The elevated HQs for Fe, and Zn suggest a need for regular monitoring and control of industrial and domestic dischargesinto these waterways to prevent cumulative health risks.
Table 4 presents the Hazard Index (HI) values for both children and adults exposed to various heavy metals through environmental pathways. The HI values represent the ratio of potential exposure to a reference dose, with values below 1 indicating that non-carcinogenic health effects are unlikely to occur. From the data, it is observed that children consistently exhibit higher HI values compared to adults across all metals analyzed, indicating that children are more vulnerable to heavy metal exposure due to their higher intake rates per body weight and developing physiological systems.
Among the metals analyzed, iron (Fe) recorded the highest HI values for both children and adults. Specifically, Fe had HI values of 0.1884 for children and 0.0244 for adults. This elevated index suggest that Fe is the dominant contributor to potential non-carcinogenic risks in the study area. Although it is an essential micronutrients required for biological functions, excessive exposure can lead to toxicological effects such as oxidative stress and gastrointestinal disturbances. The elevated HI for this metal may be attributed to geogenic sources, corrosion of metal pipes or leaching from industrial and domestic waste materials.
Zinc (Zn) also exhibited relatively high HI values of 0.0897 for children and 0.0156 for adults, ranking third after Fe. This finding indicates moderate exposure levels that are still within acceptable safety limits but could contribute cumulatively to overall metal burden. In contrast, manganese (Mn) presented lower HI values, at 0.0228 for children, and 0.0028 for adults, respectively. Mn is an essential trace element, excessive exposure can affect neurological development, particularly in children. Overall, the cumulative HI values for both children and adults are below the critical threshold of 1, implying that non-carcinogenic risks from these metals are currently within safe limits. However, the consistently higher indices for children emphasize the need for continuous monitoring, as their lower body weight and higher ingestion rates make them more susceptible to toxic effects. The observed trend pattern, Fe > Cu > Zn > Mn > Ni suggests that the contamination may primarily arise from natural mineral dissolution and anthropogenic activities such as metal corrosion, improper waste disposal or agricultural runoff. Scientifically, these findings highlight the importance of maintaining metal concentrations within permissible limits to safeguard public health, particularly in vulnerable subpopulations such as children.
The results in Table 5 show that the sum of the Hazard Index (HI) for children is 0.51 and for adults is 0.0797, both of which are below 1, indicating low non-carcinogenic risk from metal exposure. The sum of total Carcinogenic Risk (CR) for children is 6.96 × 10-8 and for adults is 3.07 × 10-8 values that are well below the threshold of 1×10-4, suggesting minimal lifetime cancer risk. Children have slightly higher HI and CR values than adults, reflecting their greater vulnerability due to lower body weight and higher intake per kg. Cadmium contributes most to the carcinogenic risk, though the overall risk remains low. The findings imply that the creek is generally safe for both children and adults in terms of both non-carcinogenic and carcinogenic effects. However, monitoring cadmium levels is recommended to ensure long-term safety.

Table 3: Hazard Quotient (HQ) via Ingestion of Metals in Water for Children and Adults
	Parameter
	HQ_ing_child
	HQ_ing_adult

	Mn
	0.00243531
	0.00104371

	Cu
	0.05060883
	0.0216895

	Fe
	0.02289193
	0.00981083

	Ni
	0.00319635
	0.00136986

	Zn
	0.02251649
	0.00964992

	
	
	

	
	
	

	
	
	



Table 4: Hazard Index (HI) for Children and Adults via Metal Exposure
	Parameter
	HI_child
	HI_adult

	Mn
	0.0228067
	0.00284439

	Cu
	0.17739726
	0.03289669

	Fe
	0.18842009
	0.02444234

	Ni
	0.003793
	0.0014226

	Zn
	0.08973922
	0.01559193

	
	
	

	
	
	

	
	
	



Table 5: Summary of Non-Carcinogenic (HI) and Carcinogenic (CR) Risks for Children and Adults
	Metric
	Children
	Adults

	Sum of Hazard Index (HI)
	0.51
	0.0797

	Sum of Total Carcinogenic Risk (CR)
	6.96 × 10⁻⁶
	3.07 × 10⁻⁶
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CONCLUSION
The health risk assessment for heavy metals demonstrated that both the Hazard Quotient (HQ) and Hazard Index (HI) values for ingestion and dermal exposure were below 1 for children and adults, indicating no immediate non-carcinogenic health risk. Carcinogenic risk (CR) values for cadmium and chromium were also below the threshold, suggesting negligible lifetime cancer risk. The order of metal contribution to risk (Fe > Cu > Zn > Mn > Ni) reflects natural geochemical patterns rather than pollution-derived exposure. This indicates that the overall health risk associated with heavy metal exposure in Okrika creeks is minimal.
Health risk assessments indicate minimal current danger; however, consistent bio-monitoring of local aquatic organisms such as fish should be implemented to evaluate bioaccumulation and potential food chain transfer of trace metals.
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