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Abstract
This study assessed the concentrations of selected heavy metals—aluminum (Al), manganese (Mn), selenium (Se), antimony (Sb), and molybdenum (Mo)—in commonly consumed seafood (catfish, snail, and periwinkle) obtained from Abakpa, Garki, and Ogbete markets in Enugu, Nigeria. Samples were analyzed using Atomic Absorption Spectrophotometry to determine metal levels and evaluate potential health risks. Results showed that selenium consistently recorded the highest concentrations across all markets and seafood types, with a maximum value of 0.156 mg/kg observed in snails from Ogbete market. Antimony was the least detected metal, often occurring at very low levels or being undetectable, particularly in catfish from Garki market. Molybdenum concentrations varied among seafood types, with the highest level (0.078 mg/kg) found in catfish from Abakpa market, while manganese showed notable accumulation in periwinkle, reaching up to 0.069 mg/kg. Aluminum concentrations were moderate, with a maximum value of 0.058 mg/kg. The concentrations of all analyzed heavy metals in the seafood sold in these markets are considered safe for human consumption.
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1.0 Introduction
Heavy metals constitute a group of elements that have attracted considerable scientific attention due to their environmental persistence, potential toxicity, and ability to accumulate within biological systems (Ali et al., 2019). A metal is generally classified as a heavy metal when it possesses a density greater than 5 g cm⁻³ relative to water (Kaur et al., 2019). In addition to density, heavy metals are often defined by their relatively high atomic weights, typically ranging between 63.5 and 200.6 g mol⁻¹, as well as densities exceeding 5 g cm⁻³ (Verma et al., 2025). These metals occur naturally in the Earth’s crust and have existed since the formation of the planet; consequently, their presence in the environment is unavoidable (Okeke et al., 2015; Jomova et al., 2024). However, anthropogenic activities such as industrialization, mining, agriculture, waste disposal, and urbanization have substantially increased heavy metal concentrations in air, water, and soil, thereby enhancing their entry into the food chain (Masindi & Muedi, 2018; Swain, 2024).
Heavy metals are often regarded as trace elements because they typically occur at very low concentrations in environmental and biological systems (Ali et al., 2019; Moutaouakkil et al., 2024). Despite their low abundance, certain heavy metals can exert significant biological effects, particularly when their concentrations exceed permissible limits (Rehman et al., 2018). Broadly, heavy metals are classified into essential and non-essential categories (Bibi et al., 2023). Essential heavy metals are required by living organisms for normal physiological and biochemical processes, including growth, metabolism, enzymatic activity, and the development of tissues and organs (Oves et al., 2016). These include copper (Cu), iron (Fe), manganese (Mn), cobalt (Co), molybdenum (Mo), nickel (Ni), and zinc (Zn), many of which are considered micronutrients (Zoroddu et al., 2019). Although these metals are indispensable at low concentrations, excessive intake can result in toxicity and adverse health effects.
In contrast, non-essential heavy metals have no known biological function and are often toxic even at relatively low concentrations (Nucera et al., 2024). Metals such as aluminum (Al), antimony (Sb), barium (Be), lithium (Li), and silver (Ag) fall into this category (Wang et al., 2019). The presence of these metals in food and water is of particular concern due to their ability to disrupt normal biological processes and induce a wide range of health problems (Nkwunonwo et al., 2020). Heavy metals may enter the human body primarily through ingestion of contaminated food and water, inhalation of polluted air, or dermal contact (Witkowska et al., 2021). Once absorbed, they can interfere with enzymatic activities, damage cellular structures, and impair vital organs, leading to acute or chronic health conditions (Ohiagu et al., 2022).
A critical characteristic of heavy metals is their tendency to bioaccumulate. Bioaccumulation refers to the progressive increase in the concentration of a substance in an organism over time relative to its concentration in the surrounding environment (Wang, 2016). This process occurs when the rate of uptake of a substance exceeds its rate of metabolism or excretion. Consequently, heavy metals can accumulate in tissues such as the liver, kidneys, muscles, and shells of aquatic organisms. Through biomagnification, these accumulated metals may be transferred to higher trophic levels of the food chain, ultimately posing significant health risks to humans, particularly populations that rely heavily on seafood as a primary source of dietary protein (Naz et al., 2025).
Seafoods, including fish and shellfish, are widely consumed because of their high nutritional value, providing essential proteins, vitamins, and minerals (Jawale, 2025). However, aquatic environments often act as sinks for heavy metals released from both natural and anthropogenic sources (Shah, 2021). Rivers, lakes, and coastal waters receive heavy metal inputs from industrial effluents, agricultural runoff, domestic sewage, and atmospheric deposition (Aziz et al., 2023). Aquatic organisms readily absorb these metals from water, sediments, and food, making seafood an important indicator of environmental contamination (Lu et al., 2021). Consequently, the assessment of heavy metal concentrations in seafood is essential for evaluating food safety and safeguarding public health.
In Nigeria, rapid urbanization and increasing population pressure have intensified concerns regarding environmental pollution and food safety. Enugu metropolis, a major urban center, hosts several markets that serve as primary sources of seafood for the local population (Apeh et al., 2023). Given the potential for heavy metal contamination arising from environmental pollution and post-harvest handling practices, it is imperative to assess the levels of heavy metals in commonly consumed seafoods such as catfish, snail, and periwinkle. Evaluating the concentrations of metals including aluminum, manganese, selenium, antimony, and molybdenum in these seafoods provides critical information regarding their safety for human consumption and associated health risks. Therefore, this study focuses on the determination of heavy metal concentrations in seafoods obtained from three major markets in Enugu metropolis—Abakpa, Garriki, and Ogbete markets. By comparing the levels of selected heavy metals across different seafood types and market locations, the study aims to contribute to existing knowledge on seafood contamination and support efforts toward ensuring food safety and public health protection.


2.0 Methods

[bookmark: _TOC_250005]2.1 Sample Collection
[bookmark: _TOC_250004]Samples of seafood, including snail, catfish, and periwinkle, were obtained from three different markets in 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 necessary components of the seafood were isolated and desiccated. A 2 g sample of the dried material was weighed and transferred to a digestion flask, where 20 ml of an acid mixture (comprising 650 ml concentrated HNO3, 80 ml perchloric acid, and 20 ml concentrated H2SO4) was added. The mixture was heated until a clear digest was obtained, which was subsequently diluted with water to a final volume of 100 ml.
2.4 Preparation of Reference Solution
Metal standards were prepared at optimal concentrations, with fresh reference solutions made daily by diluting single-element stock solutions in water containing 1.5 ml/L concentrated nitric acid. A blank calibration solution was prepared using all reagents, excluding metal stock solutions. Calibration curves for each metal were constructed by graphing standard absorbance versus concentration.

2.5 Determination of Heavy Metals in the Sample

The samples were analyzed for heavy metal content using an Agilent FS240AA atomic absorption spectrophotometer, following the APHA (1995) method. The analytical process involved sample digestion to release heavy metals, instrument calibration with known standards, and sample introduction for analysis via AAS. Sample spectral signals were compared to calibration standards to determine heavy metal concentrations, with quality control measures ensuring result accuracy..
2.6 Statistical Analysis

Statistical analysis was performed using Analysis of Variance (ANOVA) to assess significant differences in metal concentrations between species and locations. The results were interpreted at a significance level of α = 0.05. Additionally, correlation analysis was conducted to examine relationships between metal concentrations, to provide insights into potential common environmental influences on metal uptake.

3.0 Results

3.1 Concentrations of Heavy Metals in Sea Foods obtained from Abakpa Market. 

The result from Abakpa Market shows that in the snail obtained from Abakpa, Selenium has a higher concentration than aluminum, manganese, antimony and Molybdenum. In the catfish obtained from this market, Molybdenum has higher concentration than selenium, Antimony, Aluminum and Manganese. While in the periwinkle obtained from this market, Manganese contains higher concentration than aluminum, molybdenum, selenium and antimony.
Table 1:	Concentrations of Heavy Metals in	Sea Foods Obtained From Abakpa Market

	Heavy Metals (mg/kg)	
	Snail
	Catfish
	Periwinkle

	Aluminum	
	0.030 ± 0.009
	0.040 ± 0.002
	0.060 ± 0.012

	Manganese	
	0.040 ± 0.001
	0.016 ± 0.018
	0.069 ± 0.019

	Antimony	
	0.010 ± 0.004
	0.002 ± 0.001
	0.001 ± 0.002

	Molybdenum	
	0.022 ± 0.019
	0.078 ± 0.021
	0.047 ± 0.001

	Selenium	
	0.081 ± 0.005
	0.076 ± 0.001
	0.066 ± 0.006











3.2 Concentrations of Heavy Metals in Sea Foods obtained from Garki Market

The result from Garki market shows that selenium has higher concentration the sea foods obtained from Garki, than the other metals; aluminum, molybdenum, manganese and Antimony. This result shows that Antimony is not detectable in the catfish obtained from Garki market.

Table 2:	Concentrations Heavy  Metals in Sea	Foods Obtained from Garki Market   

	Heavy Metals ((mg/kg)	 (mg/kg)
	Snail
	Catfish
	Periwinkle

	Aluminum	
	0.050 ± 0.014
	0.017 ± 0.009
	0.022 ± 0.006

	Manganese	
	0.030 ± 0.001
	0.018 ± 0.007
	0.037 ± 0.006

	Antimony	
	0.008 ± 0.004
	0.000 ± 0.000
	0.002 ± 0.001

	Molybdenum	
	0.040  ± 0.036
	0.030  ± 0.018
	0.094 ± 0.028

	Selenium	
	0.143  ± 0.005
	0.178  ± 0.020
	0.129  ± 0.015



3.3 Concentrations of Heavy Metals in Sea Foods obtained from Ogbete Market

The result from Ogbete Market indicates that selenium has the highest concentration in the sea foods obtained from Ogbete market, while antimony is the least present in the sea foods obtained from this market.

Table 3: Concentrations of Heavy Metals in Sea Foods Obtained From Ogbete Market

	Heavy Metals (mg/kg)
	Snail
	Catfish
	Periwinkle

	Aluminum
	0.055 ± 0.004
	0.058  ± 0.006
	0.034 ± 0. 011

	Manganese
	0.056 ±  0.014
	0.018  ± 0.013
	0.034  ± 0.001

	Antimony
	0.002 ±  0.003
	0.010  ± 0.003 
	0.007  ± 0.001

	Molybdenum
	0.043  ± 0.008
	0.034  ± 0.002
	0.017  ± 0.010

	Selenium
	0.156  ± 0.009
	0.144  ± 0.001
	0.128  ± 0.011





4.0  Discussion
Seafoods constitute an important component of the human diet due to their high nutritional value; however, unregulated or excessive consumption may pose potential health risks to consumers (Hashempour-Baltork et al., 2023). Among the various chemical contaminants associated with food, heavy metals are of particular concern, as food remains the primary pathway through which these contaminants enter the human body (Ray & Vashishth, 2024). Although heavy metals occur naturally in aquatic environments and seafood, the release of excessive quantities into the ecosystem—largely from anthropogenic activities—may adversely affect aquatic organisms. This is because heavy metals are persistent, non-biodegradable, and capable of bioaccumulation along the food chain (Liu et al., 2019). Aluminum (Al), the third most abundant element in the Earth’s crust, is widely distributed in the environment (Zaynab et al., 2022). In the present study, aluminum was detected in all seafood samples obtained from the three markets. Exposure to aluminum has been reported to disrupt plasma triglyceride levels and lipid metabolism (Gaur et al., 2023), while prolonged exposure may result in respiratory complications such as lung fibrosis and reduced pulmonary function (Assad et al., 2018). Adebayo et al. (2025) reported higher aluminum concentrations in seafood than those observed in this study. Based on the relatively low concentrations recorded, the aluminum levels detected in this study are considered safe for human consumption.
Manganese (Mn) is an essential trace mineral that is present in virtually all diets at low concentrations and plays a critical role in metabolic and enzymatic processes (Freeland-Graves et al., 2016). In this study, manganese was detected in all seafood samples from the three markets at low levels in snails, catfish, and periwinkles. However, excessive exposure to manganese has been shown to primarily affect the central nervous system, potentially leading to neurological symptoms such as tremors, muscle spasms, tinnitus, and hearing loss (Tarnacka et al., 2021). Ujah et al. (2023) reported higher manganese concentrations in fish compared to the findings of this study. Similarly, Olayinka-Olagunju et al. (2025) observed higher manganese concentrations in frozen fish samples. Despite these variations, the manganese concentrations recorded in the present study remain within levels considered safe for human consumption.
Antimony (Sb) is a cumulative toxic element with no known biological function, and its physicochemical behavior and toxicity depend largely on its chemical form and oxidation state (Periferakis et al., 2022). Antimony was detected at very low concentrations in nearly all seafood samples obtained from the three markets, except in catfish from Garriki Market, where it was not detected. Exposure to antimony, particularly through inhalation, has been associated with respiratory disorders (Boreiko & Rossman, 2020). Given the very low concentrations observed, the antimony levels recorded in this study are considered safe for human consumption.
Molybdenum (Mo) is an essential transition element required for the proper functioning of several enzymes in almost all biological systems (Huang et al., 2022). In this study, molybdenum was detected in all seafood samples from the three markets at low concentrations in snails, catfish, and periwinkles. Diets containing excessively high levels of molybdenum may result in chronic toxicity, commonly referred to as Teart disease (Albin & Oskarsson, 2022). However, the concentrations recorded in this study fall within acceptable dietary intake limits and are therefore unlikely to pose any health risk to consumers.
Selenium (Se) was detected in all seafood samples from the three markets at low concentrations in snails, catfish, and periwinkles. It was the most abundant trace element in all seafood samples obtained from Garriki and Ogbete Markets, as well as in snails from Abakpa Market. Selenium is an essential micronutrient, and low selenium status has been associated with increased mortality risk, impaired immune function, and cognitive decline (Zhang, 2023). Adeniyi and Agoreyo (2018) reported higher selenium concentrations in fish, crayfish, and snails compared with the values obtained in this study. Nonetheless, the selenium concentrations recorded in the present work are within acceptable limits and are considered safe for human consumption
At Abakpa, periwinkle recorded a significantly higher concentration of aluminum compared to snail (p = 0.012), indicating a statistically significant difference in aluminum accumulation between these seafood types. Similarly, manganese concentration was significantly higher in periwinkle than in both snail (p = 0.006) and catfish (p = 0.010), demonstrating notable variations in manganese bioaccumulation among the species. In contrast, antimony concentration was significantly higher in snail compared to both catfish (p = 0.028) and periwinkle (p = 0.030), highlighting species-specific differences in antimony levels. At Garki, the statistical analysis of heavy metal concentrations in sea foods from Garki Market reveals significant differences. Snail has higher Aluminum concentrations than Catfish and Periwinkle. Periwinkle has higher Manganese concentrations than Catfish. Snail has higher Antimony concentrations than Catfish. Catfish has higher Selenium concentrations than Periwinkle. These findings suggest varying levels of heavy metal accumulation in different sea foods, with Snail showing higher levels of Aluminum and Antimony, while Catfish has higher Selenium levels. The analysis of heavy metal concentrations in sea foods from Ogbete Market shows significant differences. Snail and Catfish have higher Aluminum concentrations than Periwinkle. Snail has higher Manganese concentrations than Catfish. Catfish has higher Antimony concentrations than Snail. Snail and Catfish have higher Selenium concentrations than Periwinkle. These findings indicate varying heavy metal levels in sea foods, with Snail and Catfish showing higher levels of certain metals.

Conclusion
This study assessed the levels of heavy metals in seafood samples from three markets and found that, although some metals were present, their concentrations were within safe limits for human consumption. However, it is essential to continue monitoring and regulating the levels of these metals in seafood to minimize potential health risks to consumers. The presence of these metals in seafood highlights the need for sustainable management practices to mitigate environmental pollution and ensure food safety.
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