An Assessment of Lead, Zinc, Iron, and Cadmium Concentration in Cat Fish, Snail And Periwinkle Obtained from Abakpa, Gariki and Ogbete, Markets in Enugu Metropolis

[bookmark: _GoBack]Abstract
This study assessed the concentrations of heavy metals in seafood from three different markets in Enugu Metropolis, focusing on iron, lead, cadmium, and zinc in catfish, snail, and periwinkle. The markets sampled were Abakpa, Garriki, and Ogbete. The extracts of the test samples were analyzed for heavy metals using an Agilent FS240AA atomic absorption spectrophotometer. The results showed varying concentrations of heavy metals in the seafood samples. In Abakpa market, lead concentrations were lower in periwinkle (0.158 mg/kg) and snail (0.204 mg/kg) compared to other heavy metals, but higher in catfish (0.518 mg/kg). In Garriki market, lead concentrations were higher in catfish (0.402 mg/kg) and snail (1.284 mg/kg). In Ogbete market, iron (0.838 mg/kg) and zinc (0.978 mg/kg) concentrations were higher in snail. Cadmium was not detected in any samples. The study highlights the importance of monitoring heavy metal concentrations in edible aquatic organisms to ensure food safety and public health. The findings suggest that the seafood samples contain relatively low levels of lead, zinc, and iron, making them safe for consumption and posing minimal risk to human health. The results can inform consumption guidelines and support sustainable aquaculture practices.
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1.0 Introduction
Heavy metal pollution has become a major concern in aquatic ecosystems due to its adverse effects on environmental sustainability and human health (Mishra et al., 2018). The contamination of aquatic environments with heavy metals has attracted global attention because of their abundance, persistence, and potential toxicity (Ali et al., 2019). Both natural and anthropogenic activities contribute to the presence of heavy metals in the environment; however, anthropogenic activities play a more significant role by introducing large quantities of metals into water bodies and sediments, thereby polluting aquatic ecosystems (Gao et al., 2016; Kahlon et al., 2018).
Heavy metals are elements that have high density, atomic weight, or atomic number (Ali & Khan, 2018).  They are characterized by high electrical conductivity, malleability, and luster, and they readily lose electrons to form cations. Although these metals are intrinsic components of the natural environment and usually occur at low concentrations in aquatic systems, elevated levels can be toxic (Wu et al., 2016). Humans may be exposed to both organic and inorganic pollutants associated with aquatic environments through the consumption of contaminated aquatic foods (Rose, 2023).
Aquatic organisms are known to accumulate heavy metals in their tissues, often at concentrations much higher than those in the surrounding environment (Zaynab et al., 2022).. This accumulation depends on the rate and duration of contamination and provides an integrated measure of heavy metal exposure over time, ranging from weeks to several years. The body burden of trace metals in any organism reflects the balance between metal uptake and metal elimination processes.
Heavy metals include metalloids, transition metals, basic metals, lanthanides, and actinides. These metals enter aquatic systems primarily through atmospheric deposition, direct discharge, runoff, tidal flooding, and water flow processes (Kumar et al., 2023).. Mining activities, in particular, are major contributors to heavy metal pollution and can lead to significant accumulation of toxic metals in aquatic ecosystems. Human exposure to these metals occurs largely through the consumption of contaminated seafood, making bioaccumulation in aquatic organisms a critical public health concern due to the transfer of toxic substances along the food chain (Ali  & Khan,  2019)
Fish is widely recognized as a valuable source of high-quality protein and omega-3 fatty acids, while periwinkle is also rich in omega-3 fatty acids, protein, vitamins, iron, and phosphorus (Khanjani & Sharifinia, 2024). Aquatic organisms assimilate metals through multiple pathways, including ingestion of contaminated food and suspended particles, ion exchange of dissolved metals across membranes such as the gills, and adsorption onto tissue surfaces (Kwong,  2024). Catfish and periwinkle may absorb lead from contaminated water or sediments, potentially causing adverse health effects such as liver damage, gastrointestinal disorders, and immune system suppression in humans, whereas snails may exhibit lower lead concentrations due to their partially terrestrial habitat. The extent of bioaccumulation depends on several factors, including metal concentration in water and sediments, feeding habits, digestive capacity, age, and lipid content of the organism (Jamil Emon et al., 2023). Fish, in particular, are known to bioaccumulate both organic and inorganic pollutants over extended periods, making them reliable indicators of aquatic contamination (Kelle and Ngbede, 2018).
This study aims to determine the concentrations of selected heavy metals in commonly consumed seafood obtained from three major markets in Enugu Metropolis. Specifically, the study focuses on assessing the levels of lead, zinc, and iron in snail, catfish, and periwinkle, examining how these concentrations vary in relation to habitat, feeding habits, and exposure to environmental pollutants. The study  further seeks to evaluate the potential health risks associated with the consumption of seafood contaminated with heavy metals.
2.0 Methods

[bookmark: _TOC_250005]2.1 Sample Collection

[bookmark: _TOC_250004]Seafood samples, comprising catfish, snail, and periwinkle, were procured from three distinct locations within Enugu Metropolis, Enugu State: Abakpa, Garriki, and Ogbete markets.
2.2. Description of Sample Collection

Samples were collected from three locations in Enugu State, Nigeria: Abakpa (6.4636°N, 7.4845°E), Garriki (6.3833°N, 7.5167°E), and Ogbete (6.4667°N, 7.4833°E).
[bookmark: _TOC_250003]2.3 Sample Preparation
The required parts of the seafood were separated and dried. A 2 g portion of the dried sample was weighed and placed in a digestion flask, followed by the addition of 20ml of an acid mixture (650ml conc HNO3, 80 ml perchloric acid, and 20 ml conc H2SO4. The flask was heated until a clear digest was obtained, which was then diluted with water to the 100ml mark.
2.4 Preparation of Reference Solutions
Standard metal solutions were prepared in the optimal concentration range, with daily reference solutions made by diluting single stock element solutions with water containing 1.5 ml concentrated nitric acid/L. A calibration blank was prepared using all reagents except metal stock solutions. Calibration curves for each metal were generated by plotting standard absorbance against concentration.





2.5 Determination of Heavy Metals in the Sample

The test samples were analyzed for heavy metals using an Agilent FS240AA atomic absorption spectrophotometer, following the American Public Health Association (APHA) method (1995). The process involved digesting the samples to release heavy metals, calibrating the instrument with known standards, and introducing the samples for analysis via atomic absorption spectroscopy (AAS). The resulting data were interpreted by comparing sample spectral signals with calibration standards to determine heavy metal concentrations. Quality control measures validated the results..
2.6 Statistical Analysis

Statistical analysis was performed using ANOVA to evaluate differences in metal concentrations between species and locations. The results were interpreted at a significance level of α = 0.05. Correlation analysis was conducted to examine relationships between metal concentrations, providing insights into potential common environmental influences on metal uptake.

3.0 Results

3.1 Concentration of Lead, Zinc and Iron in Snail, Fish and Periwinkle from Abakpa Market
The concentration of heavy metals in seafood samples from Abakpa region is presented in Table.1. In snail, iron had the highest concentration, followed by zinc and then lead. In catfish, iron was also the most concentrated, followed by lead and then zinc. In periwinkle, lead had the highest concentration, followed by iron and then zinc.
Table 1: Concentration of Lead, Zinc and Iron in Snail, Fish and Periwinkle from Abakpa Market
	Parameters (m/kg)
	Snail
	Catfish
	Periwinkle

	Lead
	0.204 ± 0.063
	0.518 ± 0.159
	0.158 ± 0.095

	Zinc
	0.685 ± 0.196
	0.448 ± 0.028
	0.090 ± 0.225

	Iron
	1.478 ± 0.486
	0.762 ± 0.021
	0.133 ± 0.465

	Cd
	n.d ± 0.000
	n.d ± 0.000
	n.d ± 0.000


N.d: not detectable







3.2 Concentration of Lead, Zinc and Iron in Snail, Catfish and Periwinkle from Garki Market
In Garriki region, heavy metal concentrations varied across species (Table 2). Snail had highest lead levels, followed by zinc and iron. Catfish had highest iron levels, followed by zinc and lead. Periwinkle had highest lead levels, followed by iron and zinc. Overall, lead concentrations were higher in snail and periwinkle, while iron dominated in catfish.
Table 2: Concentration of Lead, Zinc and Iron in Snail, Catfish and Periwinkle from Garki Market
	Parameter (m/kg)
	Snail
	Cat fish
	Periwinkle

	Lead
	1.284  ± 0.478
	0.402  ± 0.146
	0.138  ± 0.332

	Zinc
	0.433  ± 0.021
	0.673  ±  0.191
	0.104  ± 0.211

	Iron
	0.278  ± 0.111 
	0.904  ± 0.331 
	0.127  ± 0.218

	Cd
	n.d ± 0.000
	n.d ± 0.000
	n.d ± 0.000


N.d: not detectable

3.3 Concentration of Lead, Zinc and Iron in Snail, Catfish And Periwinkle from Ogbete Market
In Ogbete region, lead concentrations were highest in all seafood samples (Table 3). In snail, lead was followed by zinc and then iron. Similarly, in catfish, lead was followed by iron and then zinc. In periwinkle, lead was followed by zinc and then iron. Overall, lead levels were consistently high across all species, while iron and zinc levels varied.




Table 3: Concentration of Lead, Zinc and Iron in Snail, Catfish And Periwinkle from Ogbete Market
	Parameters (m/kg)
	Ogbete Snail
	Catfish
	Periwinkle

	Lead
	1.322 ± 0.426
	0.672 ± 0.034
	0.167 ± 0.391

	Zinc
	0.978  ± 0.321
	0.467 ± 0.040
	0.128 ± 0.280

	Iron
	0.838 ± 0.239
	0.563 ± 0.045
	0.097 ± 0.284

	Cd
	N.d
	N.d
	N.d


N.d: not detectable

4.0 Discussion 
The results of this study assessed the concentrations of lead (Pb), zinc (Zn), and iron (Fe) in catfish, snail, and periwinkle samples. All the analyzed metals were detectable in the seafood species, although their concentrations varied across species and locations.
Lead is a non-essential trace metal with no known biological role in aquatic organisms and is toxic even at low concentrations, as it disrupts essential cellular and tissue functions (Generalova et al., 2025). In humans, exposure to high or lethal doses of lead can cause oxidative brain damage and has been linked to neurological disorders such as Meniere’s disease (Roth & Salvi, 2016).
In Abakpa, lead was detected in all seafood samples, with the highest concentration in catfish (0.518 ± 0.159 mg/kg), followed by snail (0.204 ± 0.063 mg/kg), and periwinkle (0.158 ± 0.095 mg/kg). The elevated lead level in catfish may be attributed to its bottom-dwelling habit, which increases exposure to contaminated sediments that accumulate heavy metals from industrial discharge, agricultural runoff, and domestic waste (Mayila et al., 2024). Although snails and periwinkles also interact with sediments, differences in mobility, feeding behavior, metabolism, and exposure duration may limit their lead uptake (Delgado-Suárez et al., 2025). The presence of lead in all samples raises public health concerns, as excessive intake is associated with neurological, renal, and developmental disorders, particularly in children and pregnant women (Ara & Usmani, 2015; Jia et al., 2025).
At Garki, lead concentrations varied considerably among species. Snail recorded the highest mean concentration (1.284 ± 0.478 mg/kg), followed by catfish (0.402 ± 0.146 mg/kg), while periwinkle had the lowest value (0.138 ± 0.332 mg/kg). The high lead burden in snails is likely due to their benthic lifestyle and direct feeding on sediments and detritus, which serve as long-term reservoirs for heavy metals (Owojori et al., 2022). Catfish, although bottom dwellers, are more mobile and have a broader diet, reducing prolonged sediment exposure (Pinheiro-Sousa et al., 2021), while physiological differences may limit lead uptake in periwinkles (Udiba et al., 2021). Chronic consumption of highly contaminated snails poses potential risks of neurological damage and kidney dysfunction.
In Ogbete, snails again showed the highest lead concentration (1.322 ± 0.426 mg/kg), followed by catfish (0.672 ± 0.034 mg/kg), with periwinkle recording the lowest level (0.167 ± 0.391 mg/kg). This pattern reflects the strong association of snails with contaminated sediments and organic matter enriched by industrial activities, vehicular emissions, agricultural runoff, and poor waste management (Eniola & Oni, 2025). Although catfish also exhibited notable lead levels due to bottom feeding, their mobility and dietary diversity may reduce accumulation compared to snails (Rahman et al., 2025). Lower lead levels in periwinkles may result from reduced uptake or more efficient excretion mechanisms (Balali-Mood et al., 2021). These findings highlight significant food safety concerns and emphasize the need for continuous environmental monitoring and stricter pollution control measures.
Zinc is an essential micronutrient commonly found in seafood and plays important roles in immune function, skin health, cell growth, wound healing, and enzyme activity (Bao et al., 2014; Patil et al., 2023). When consumed at moderate levels, zinc contributes positively to human nutrition.
At Abakpa, snails recorded the highest zinc concentration (0.685 ± 0.196 mg/kg), followed by catfish (0.448 ± 0.028 mg/kg), while periwinkle showed the lowest level (0.090 ± 0.225 mg/kg). The higher zinc accumulation in snails is likely linked to their benthic lifestyle and feeding on detritus and organic matter, which often contain metals concentrated in sediments (Alonso & Valle-Torres, 2018; Oloyede et al., 2026). Catfish also exhibited appreciable zinc levels due to bottom-feeding habits (Idris et al., 2025), whereas the lower levels in periwinkles may reflect differences in habitat preference and physiological regulation. Although the observed zinc levels are nutritionally beneficial, excessive accumulation may interfere with the metabolism of other essential metals (Maares & Haase, 2016; Parveen et al., 2017).
In Garki, catfish had the highest zinc concentration (0.673 ± 0.191 mg/kg), followed by snail (0.433 ± 0.021 mg/kg), while periwinkle recorded the lowest value (0.104 ± 0.211 mg/kg). This distribution suggests that catfish accumulate zinc more readily, likely due to feeding habits and metabolic requirements, while snails accumulate zinc through continuous sediment contact. Periwinkles again showed the lowest accumulation, possibly due to physiological regulation.
At Ogbete, snails recorded the highest zinc concentration (0.978 ± 0.321 mg/kg), followed by catfish (0.467 ± 0.040 mg/kg), with periwinkle showing the lowest level (0.128 ± 0.280 mg/kg). Prolonged sediment contact enhances zinc bioaccumulation in snails, while catfish mobility and varied diet may limit continuous exposure. The presence of zinc in all samples underscores the influence of environmental conditions on trace metal accumulation and the importance of routine monitoring to ensure consumer safety.
Iron, an essential mineral required for hemoglobin synthesis and oxygen transport (Obeagu, 2025), was detected at low to moderate concentrations in all samples. At Abakpa, snails recorded the highest iron concentration (1.478 ± 0.486 mg/kg), likely due to their feeding habits and slow metabolism, which promote metal accumulation over time (Adewumi et al., 2013; Olaifa et al., 2004). Although iron is nutritionally important, excessive intake may cause gastrointestinal problems, liver damage, and increased infection risk (Lal, 2020).
In Garki, catfish recorded the highest iron concentration (0.904 ± 0.331 mg/kg), followed by snail (0.278 ± 0.111 mg/kg), while periwinkle had the lowest level (0.127 ± 0.218 mg/kg). The higher iron content in catfish may be related to active feeding behavior and trophic position, whereas lower levels in snails and periwinkles may reflect differences in environmental availability and physiological regulation.
At Ogbete, snails again showed the highest iron concentration (0.838 ± 0.239 mg/kg), followed by catfish (0.563 ± 0.045 mg/kg), with periwinkle recording the lowest value (0.097 ± 0.284 mg/kg). These results suggest that snails may serve as a better dietary source of iron, although routine monitoring is necessary to ensure concentrations remain within safe limits.
Cadmium (Cd) was not detected in any of the snail, catfish, or periwinkle samples from the three markets, with values recorded as n.d ± 0.000 mg/kg. This indicates that cadmium concentrations were below the detection limit of the analytical method used. The absence of detectable cadmium may reflect limited anthropogenic input, effective dilution, and natural attenuation processes in the aquatic environment (Yuan et al., 2019). From a public health perspective, this is encouraging, as cadmium is highly toxic and has no biological benefit. Nonetheless, continuous monitoring remains necessary to prevent future contamination.
One-way ANOVA showed statistically significant differences (p < 0.05) in lead, zinc, and iron concentrations among seafood species across all three markets. In Abakpa Market, catfish recorded significantly higher lead levels than snail and periwinkle, zinc concentrations were significantly higher in snail than in catfish and periwinkle, and iron levels were also significantly higher in snail, indicating species-dependent metal accumulation. In Garki Market, significant interspecies differences were observed for all metals, with snail showing significantly higher lead concentrations, catfish recording the highest zinc and iron levels, and periwinkle consistently having the lowest concentrations, reflecting distinct ecological and physiological influences on metal uptake. Similarly, in Ogbete Market, significant variations (p < 0.05) were observed among species, as snails accumulated significantly higher levels of lead, zinc, and iron compared to catfish and periwinkle, confirming their greater bioaccumulation potential. Overall, species type significantly influenced Pb, Zn, and Fe concentrations in all markets, with snails generally exhibiting the highest accumulation, particularly for lead and zinc, catfish accumulating more iron in Garki and Ogbete, and periwinkle consistently recording the lowest metal levels. Cadmium was excluded from the analysis due to non-detectable concentrations across all samples.


5.0 Conclusion
The concentrations of lead, zinc, and iron detected in catfish, snail, and periwinkle were generally low. This suggests that seafood samples collected from the different regions contain minimal levels of these heavy metals, making them safe for consumption and posing little risk to human health. The absence of cadmium in all samples is particularly reassuring. However, continuous monitoring is recommended to ensure that cadmium and other heavy metal levels remain within safe limits over time.
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