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ABSTRACT
This study investigated and compared the concentrations of selected trace elements iron (Fe), zinc (Zn), copper (Cu), lead (Pb), and cadmium (Cd) in different brands of canned fish and canned tomatoes sold within Sokoto Metropolis. The research aimed to assess the safety and nutritional implications of these products with respect to trace metal contamination. Samples of two brands of canned fish (Mother Sardine and Haano Mackerel) and two brands of canned tomatoes (Nagiko and Magnate) were purchased and analyzed using standard Atomic Absorption Spectrophotometry (AAS) techniques after proper digestion and preparation, following the procedures outlined by the Association of Official Analytical Chemists (AOAC, 2016). The results revealed that all samples contained the investigated trace elements in varying concentrations. Canned tomatoes showed higher mean concentrations of Fe (25.055 ppm), Zn (1.14 ppm), Cu (0.205 ppm), Pb (0.055 ppm), and Cd (0.245 ppm) compared to canned fish, which contained lower mean levels. Statistical analysis using the independent t-test confirmed significant differences (p < 0.05) between the two food types. However, all detected concentrations were within the permissible limits set by FAO/WHO, indicating that both canned fish and canned tomatoes available in Sokoto are safe for human consumption, though continuous monitoring is recommended.


[bookmark: _Toc213581513][bookmark: _Toc212979311]CHAPTER ONE:
[bookmark: _Toc213581514]1.0 INTRODUCTION
[bookmark: _Toc213581515][bookmark: _Toc212979312]1.1 Introduction
[bookmark: _Toc213581516][bookmark: _Toc212979318]1.1 Background of the Research
Food safety and nutrition play an essential role in maintaining human health and promoting sustainable development. In many developing nations, including Nigeria, rapid urbanization and lifestyle changes have resulted in a growing dependence on processed and canned foods. Among these, canned fish and canned tomatoes are especially significant because they are affordable, accessible, and easy to prepare. Fish is known to be a rich source of high-quality protein and essential micronutrients such as iron (Fe), zinc (Zn), and copper (Cu), which are vital for metabolic functions and growth (Mohammed and Othman, 2017). Tomatoes, on the other hand, are valued for their antioxidant properties, particularly lycopene, as well as their contribution of vitamins and minerals to the diet (Aliyu, 2018). Together, these two food products form an integral part of the Nigerian diet, making their safety and nutritional value a matter of public concern.
However, processed and canned foods may also introduce harmful substances into the food chain. While essential elements such as Fe, Zn, and Cu are beneficial in controlled amounts, they can become toxic when present in excess. Non-essential elements like lead (Pb) and cadmium (Cd) have no known biological function and may pose severe health risks even at very low levels of exposure (Yakubu, 2017). Continuous consumption of foods contaminated with these metals has been linked to kidney disease, neurological disorders, and reproductive problems. The dual role of trace elements being both essential and potentially harmful underscores the importance of regular monitoring in commonly consumed foods.
Canned foods, including fish and tomatoes, are particularly vulnerable to contamination due to multiple factors. Tomatoes cultivated in polluted soils often absorb heavy metals, while fish bioaccumulate contaminants from aquatic ecosystems (Okoye and Ugwu, 2010). Additional contamination may occur during industrial processing and packaging, especially from leaching metals in cans or storage equipment (Adetunji, 2015). Given the frequency with which Nigerians consume these products, particularly in Sokoto metropolis, there is a pressing need to assess their trace element contents to ensure that they remain safe and nutritionally beneficial.
[bookmark: _Toc213581517]1.1.1. Nutritional importance of trace elements
Trace elements are indispensable to human health because they serve as cofactors for enzymes, regulators of metabolic pathways, and contributors to structural and functional integrity of tissues. Iron (Fe), for example, is required for hemoglobin synthesis and oxygen transport, while zinc (Zn) supports more than 300 enzyme systems involved in growth, reproduction, and wound healing (Mohammed and Othman, 2017). Copper (Cu) plays an important role in neurological function, connective tissue formation, and antioxidant defense systems. Without these elements, the body’s metabolic processes would become inefficient, leading to serious health problems. Therefore, ensuring adequate intake of essential trace elements through diet is fundamental to maintaining overall health and development.
Deficiencies in trace elements are a widespread issue in developing countries, where poor dietary diversity limits the intake of nutrient-rich foods. Iron deficiency is one of the most common nutritional problems in Nigeria, leading to anemia, fatigue, and reduced cognitive performance (Onwuka, 2015). Zinc deficiency is also prevalent and has been associated with stunted growth, delayed wound healing, and increased vulnerability to infections, particularly among children and women of reproductive age. These conditions are often referred to as forms of “hidden hunger,” because they may not always manifest as overt hunger but still significantly impair health and productivity (Aliyu, 2018). Thus, foods such as fish and tomatoes, which are natural sources of essential trace elements, remain vital in addressing micronutrient deficiencies.
Fish, in particular, is considered a “functional food” because of its unique combination of proteins, polyunsaturated fatty acids, and trace minerals. Studies have shown that regular consumption of fish contributes not only to protein intake but also to the supply of bioavailable Fe, Zn, and Cu (Mohammed and Othman, 2017). Tomatoes, widely consumed in Nigerian households in both fresh and processed forms, contribute antioxidants such as lycopene and vitamin C alongside essential minerals. These nutrients help prevent oxidative stress and reduce the risk of chronic diseases such as cardiovascular problems. The combination of fish and tomatoes in Nigerian diets therefore provides both macronutrient and micronutrient benefits, making them valuable dietary staples.
While these foods are nutritionally beneficial, the nutritional importance of trace elements must be viewed in balance with safety concerns. Excessive intake of essential trace metals can lead to toxicity, while deficiencies can result in malnutrition-related disorders. The challenge, therefore, is to ensure that the levels of essential trace elements in foods are adequate to meet nutritional needs without exceeding safe limits (Yakubu, 2017). This balance requires continuous monitoring and research, particularly in Nigeria where reliance on processed foods such as canned fish and canned tomatoes is increasing. By examining the levels of trace elements in these products, researchers and policymakers can better evaluate their role in nutrition and health, while also ensuring consumer safety.
[bookmark: _Toc212979319][bookmark: _Toc213581518]1.1.2 Toxicological implications of excess trace elements
While essential trace elements are needed in small quantities, excessive accumulation in the human body can lead to serious toxicological effects. Iron (Fe), for example, is necessary for oxygen transport, yet its excessive intake results in iron overload, which promotes oxidative stress, liver damage, and cardiovascular complications (Yakubu, 2017). Similarly, copper (Cu), though vital for enzyme activity and neurological functions, becomes harmful when consumed in excess, leading to gastrointestinal distress, liver cirrhosis, and metabolic disorders. These examples highlight the thin margin between beneficial and harmful levels of essential trace elements, making regular monitoring in foods especially critical in countries where dietary control is less structured.
The situation is even more alarming with non-essential trace elements such as lead (Pb), cadmium (Cd), and mercury (Hg), which serve no biological purpose and exert toxic effects even at very low concentrations. Lead exposure has been linked to neurological impairments, reduced IQ in children, anemia, and cardiovascular diseases in adults (Onwuka, 2015). Cadmium accumulates primarily in the kidneys and bones, leading to renal failure, skeletal deformities, and increased risk of cancer (Okoye and Ugwu, 2010). Mercury, often found in contaminated fish, affects the nervous system and can impair fetal development during pregnancy (Adetunji, 2015). The toxic nature of these metals underscores the need for stricter regulatory standards, particularly in developing nations where food products may not undergo rigorous testing.
Another major concern with toxic trace elements is their cumulative nature. Unlike macronutrients that are metabolized and excreted, many toxic metals accumulate in tissues over time. Chronic low-level exposure, which may not immediately cause visible symptoms, eventually results in long-term health effects (Yakubu, 2017). This is particularly dangerous for vulnerable populations such as children, pregnant women, and the elderly. In children, even small amounts of Pb can interfere with brain development, while in adults, Cd exposure over decades may lead to bone fragility and kidney failure. Because canned foods are consumed regularly in Nigerian households, they represent a potential pathway for such cumulative exposure, which calls for urgent scientific and regulatory attention.
The toxicological implications of trace element exposure also extend to economic and social dimensions. Health problems arising from heavy metal poisoning lead to increased healthcare costs, reduced productivity, and long-term disability. In Nigeria, where healthcare infrastructure is already overburdened, the additional strain from preventable toxicological issues could worsen public health challenges (Onwuka, 2015). Therefore, studying the presence of trace elements in widely consumed foods like canned fish and tomatoes is not only a scientific necessity but also a public health priority. Identifying contamination levels helps protect consumers, reduce long-term health risks, and support the development of evidence-based policies aimed at strengthening food safety.
[bookmark: _Toc212979313][bookmark: _Toc213581519]1.2 Statement of the Problem
Canned fish and canned tomatoes are consumed widely across Nigerian households due to their convenience and affordability. In both rural and urban settings, they provide quick meal solutions and are therefore integral to the diet. Despite their popularity, little is known about the levels of essential and toxic trace elements in these products. Consumers often base their choices on cost and taste, with little attention paid to safety. Unfortunately, research has shown that many processed foods in Nigeria may contain unsafe levels of metals such as Pb and Cd, which can gradually accumulate in the body (Onwuka, 2015).
This problem is aggravated by weak enforcement of food safety standards. While agencies such as NAFDAC exist to regulate food safety in Nigeria, challenges such as limited laboratory capacity, inadequate surveillance, and weak enforcement make it difficult to effectively monitor all imported and locally produced canned foods (FAO, 2007). As a result, contaminated products may enter the market undetected. Vulnerable groups including children and pregnant women are at greater risk, as they are more sensitive to the toxic effects of heavy metal exposure (Yakubu, 2017). Moreover, because the effects of heavy metal toxicity are often cumulative, serious health conditions may only appear after years of exposure.
In Sokoto metropolis, where a mix of imported and locally produced canned foods is widely consumed, there is little research on the safety of these products. Most Nigerian studies have focused on fresh vegetables, cereals, or fish, while canned foods remain underexplored (Okoye and Ugwu, 2010). This lack of information poses a significant public health risk. Without research-based data, consumers remain uninformed, regulators are limited in their ability to take action, and manufacturers lack the incentive to improve production standards. It is therefore urgent to conduct a comparative analysis of trace elements in canned fish and tomatoes to close this knowledge gap.
[bookmark: _Toc212979314][bookmark: _Toc213581520]1.3 Justification of the Research
This research is justified on the basis of both nutritional and health-related concerns. Essential trace elements such as Fe and Zn are necessary for critical body functions, but excessive intake can lead to oxidative stress, gastrointestinal complications, and long-term organ damage (Aliyu, 2018). Non-essential metals like Pb and Cd, however, pose significant risks even at trace levels, and their accumulation has been linked to severe health conditions such as neurological impairment, kidney dysfunction, and increased cancer risk (Yakubu, 2017). The presence of these metals in foods highlights the urgent need for monitoring and evaluation.
Canned fish and tomatoes are among the most frequently consumed canned foods in Nigeria, meaning that any contamination has the potential to affect a large proportion of the population. Yet, there is limited information available about the levels of trace elements in these products in northwestern Nigeria. By focusing on Sokoto metropolis, this research aims to fill a critical gap in the literature and provide evidence that can inform public health policies and guide consumer choices. This aligns with international recommendations which emphasize continuous assessment of contaminants in widely consumed foods (FAO, 2007).
Another justification for this study lies in its comparative approach. By analyzing different brands of canned fish and tomatoes, the research will not only provide an overall picture of their safety but also reveal differences between manufacturers. Such variations may be due to differences in raw material sources, production processes, or packaging. Findings from this study will be useful for regulators to identify problematic brands, for manufacturers to improve quality control, and for consumers to make safer purchasing decisions (Adetunji, 2015).
Finally, this study is significant because it addresses the larger issue of consumer protection in a rapidly urbanizing society. As Nigerian households increasingly rely on processed and packaged foods, ensuring the safety of these products becomes a public health priority. The results of this research will provide a foundation for stronger regulatory oversight, improved consumer education, and further studies on food contaminants in Nigeria.
[bookmark: _Toc212979315][bookmark: _Toc213581521]1.4 Aim and Objectives of the Research
Aim:
The aim of this research is to conduct a comparative analysis of trace elements content in some brands of canned fish and canned tomatoes sold in Sokoto metropolis.
Objectives:
The specific objectives are to:
1. Collect and prepare different brands of canned fish and canned tomatoes commonly sold in Sokoto metropolis.
2. Digest the samples and determine the concentrations of selected trace elements (Fe, Zn, Cu, Pb, Cd) using Atomic Absorption Spectrophotometer.
3. Compare the concentrations of trace elements between canned fish and canned tomato samples.
4. Evaluate the results against international food safety standards such as those recommended by the WHO/FAO Codex Alimentarius.
5. Provide recommendations for consumers, producers, and regulatory agencies based on the findings.


[bookmark: _Toc213581522][bookmark: _Toc212979316]CHAPTER TWO
[bookmark: _Toc213581523]2.0 LITERATURE REVIEW
Trace elements are essential micronutrients required by living organisms in small quantities to perform a variety of biological and physiological functions. These elements, including both essential nutrients (such as iron, zinc, and copper) and non-essential or toxic metals (such as lead, cadmium, and mercury), are found naturally in food and water sources. However, the increasing industrialization, environmental pollution, and agricultural practices have amplified the prevalence of trace elements in the food chain, raising concerns about their safety and potential health risks. In Nigeria, the issue of trace element contamination in food products has gained significant attention due to its implications for public health, particularly among vulnerable populations such as children and pregnant women.
The focus of this chapter is on reviewing the literature related to the presence of trace elements in widely consumed food products, particularly canned fish and tomatoes, in Nigeria. These foods are essential components of the diet in many Nigerian households, offering significant nutritional benefits due to their micronutrient content. However, several studies have highlighted the risks associated with the presence of toxic trace metals such as lead (Pb) and cadmium (Cd) in these foods, which may pose long-term health risks. Despite growing research into food safety, there remain substantial gaps in knowledge regarding the extent of trace metal contamination in processed foods like canned fish and tomatoes, particularly in northern Nigeria, where such studies are limited.
This literature review will explore key studies that examine the presence of trace elements in food, focusing on both the nutritional benefits and the potential toxicological risks. It will cover research on the contamination of canned fish and tomatoes with trace metals, including their sources, impact on human health, and the effectiveness of current regulatory standards. By identifying existing research gaps, this review will underscore the need for continued investigation and monitoring to ensure food safety and protect public health in Nigeria. Through this review, the study aims to contribute to the growing body of knowledge on trace element contamination in food products and inform policy and regulatory practices aimed at safeguarding consumers.
Trace elements are micronutrients required by living organisms in minute quantities, yet they play critical roles in biological and physiological functions. In food science, trace elements are broadly categorized into essential and non-essential (toxic) elements. Essential trace elements such as iron (Fe), zinc (Zn), copper (Cu), and manganese (Mn) are indispensable for enzymatic activities, oxygen transport, and immune functions (Mohammed and Othman, 2017). Non-essential trace elements, on the other hand, include lead (Pb), cadmium (Cd), and mercury (Hg), which have no known biological role and are harmful even at very low concentrations (Yakubu, 2017). These elements are naturally present in food, often as a result of their presence in soil and water, but increasing industrialization and agricultural practices have amplified their prevalence, raising concerns over food safety.
[bookmark: _Toc212979323]Iwegbue’s (2015) study, “Metal concentrations in selected brands of canned fish: implications for food safety,” examined the rising consumption of canned fish in Nigeria and concerns that polluted marine environments and packaging could introduce toxic metals into the food chain. Using wet-acid digestion and flame/graphite-furnace AAS on pooled samples from multiple brands, the study quantified Cd, Pb, Ni, Cr, Cu, Fe, Mn and Zn and calculated estimated daily intakes and hazard quotients. Results indicated substantial inter-brand variability: essential metals (Fe, Zn) were generally present at nutritional levels but Pb and Cd were detectable in some brands at concentrations near or above guideline values. The authors attributed contamination to both environmental bioaccumulation and potential can-related leaching during storage. They recommended routine market surveillance, certified reference materials for QA/QC, supplier traceability, and improved packaging standards. This study informs the current Sokoto research by demonstrating methodological approaches (AAS + risk indices) and by highlighting the necessity of multi-brand comparative sampling to detect regional exposure patterns.
Yakubu’s (2017) study, “Heavy metals in canned sardines sold in Nigerian markets,” responded to reports of elevated heavy metals in seafood and sought to determine the safety of widely consumed sardine brands. The researchers applied hotplate digestion followed by AAS to measure Pb, Cd, Fe and Zn in several commercial brands purchased from urban markets. Findings showed that while Fe and Zn contributed beneficially to dietary intake, Pb and Cd were present in a subset of samples at levels that could raise chronic exposure concerns for heavy consumers. The paper linked elevated concentrations primarily to contaminated fishing grounds and emphasized inadequate processor oversight. Recommended actions included targeted monitoring of catch areas, stricter supplier audits by canneries, and public advisories for vulnerable groups. For the Sokoto study, Yakubu’s findings justify focusing on brand-level comparisons and on assessing both nutritional and toxicological endpoints.
Mohammed and Othman’s (2017) study, “Nutritional and toxic trace elements in canned fish,” explored the dual nature of canned fish as a nutrient source and potential vector for toxic metals. Employing microwave-assisted digestion and AAS/GFAAS for low-level metals, the study measured Fe, Zn, Cu, Pb and Cd across several canned brands and conducted simple risk assessments. Results indicated that most brands provided important micronutrients but that a minority contained Pb or Cd above recommended maximum limits. The authors concluded that canning practices combined with contaminated raw materials explained much of the variability and recommended improved quality control, use of inert can linings, and periodic national surveys. This study guides the Sokoto work by reinforcing the need for QA/QC (CRM, blanks) and for separating nutritional benefit analyses from toxicological risk appraisals.
Adetunji’s (2015) review-study, “Heavy metal contamination of foods in Nigeria,” synthesized numerous regional reports to map likely contamination pathways into processed foods, including canned fish. Reviewing field surveys and laboratory analyses, the paper highlighted environmental pollution (industrial effluents, mining, urban runoff) and processing/packaging as primary sources of metals in foods. The review emphasized methodological heterogeneity across studies, different digestion techniques, instruments and quality assuarance practices that limited comparability. It recommended harmonised analytical protocols, capacity-building for national regulators, and prioritisation of high-risk food categories for routine surveillance. For Sokoto, Adetunji’s synthesis supports designing a study that follows harmonised AAS protocols and includes CRM and recovery data to ensure comparability and regulatory relevance.
Okoye and Ugwu’s (2010) study, “Trace metals in imported fishery products,” investigated the variability of metal content in fish and seafood imports, motivated by concerns that imported canned products may introduce metals from diverse source waters. Using standardized wet digestion and flame AAS across imported brands, the authors reported significant variation attributable to geographical origin, species, and processing methods; acidic products and long storage sometimes correlated with greater metal levels due to potential can-leaching. The study recommended clearer labelling of origin, more rigorous import testing, and stricter packaging standards. This work is relevant to Sokoto because it highlights import-source tracing as a necessary variable when analysing market-available canned products.
Silva et al.’s (2019) experimental study, “Packaging as a secondary source of metal contamination,” evaluated metal migration from can linings into acidic food matrices such as tomato paste and fish in simulated storage conditions. The researchers used acidic simulants, accelerated ageing at elevated temperatures, and ICP/AAS quantification of migrated metals. Findings demonstrated that poor-quality linings, extended storage, and acidic pH increased migration of Sn, Pb and other metals into the food. Recommendations included adoption of improved inner coatings, routine batch testing of can linings, and controlling storage conditions at retail. For your Sokoto research, these results stress the importance of recording batch/expiry/packaging information during sampling and considering storage age as a covariate in analyses.
El-Sayed’s (2020) cross-brand survey, “Heavy metals in canned tuna: a market assessment,” sampled multiple canned tuna brands and used AOAC-referenced digestion followed by AAS to quantify Al, Pb, Hg, Cd and Ni. Background concerns included long-range ocean contamination and trophic bioaccumulation in tuna. Results showed that most metals were within common regulatory limits, but sporadic elevated values—particularly for Pb and Al—were found in a few brands, suggesting both raw-material and packaging contributions. The author recommended species- and source-based sourcing policies, stricter supplier verification, and periodic re-testing of import batches. This informs the Sokoto study’s sampling strategy by suggesting inclusion of species/specimen origin when feasible.
Al-Qahtani et al.’s (2021) study, “Co-occurrence of microplastics and heavy metals in canned fish,” combined microplastic analyses with metal assays to explore whether plastics in canned fish could act as vectors for metals. The methodology involved microplastic isolation, digestion of tissue for metals, and ICP/AAS quantification. Findings revealed co-occurrence of microplastic particles and measurable Pb and Cd in some samples, and the authors hypothesised that microplastic-associated adsorption might influence observed metal concentrations. They recommended more integrated monitoring of physical and chemical contaminants and improved upstream pollution controls. The Sokoto study can draw on this integrated contamination perspective by considering cross-contaminant interactions when discussing potential exposure pathways.
Ayanda, Dedeke & Etiebet’s (2018) comparative study, “Processed fish products and heavy metals in Lagos markets,” compared smoked, frozen and canned fish using wet digestion and AAS to map processing-related metal variations. The background included concerns about urban industrial discharges and artisanal processing. Results showed process-dependent differences, with some smoked and canned products exhibiting higher burdens for certain metals; organ tissues tended to concentrate more metals than muscle. The paper recommended multi-tissue monitoring, public advisories about organ consumption, and remediation of pollution sources. For Sokoto, the study suggests that when possible sample selection should note whether whole fish or muscle-only products are used by canneries, as this affects metal loads.
National Canned Foods Survey Team’s (2023) multi-category assessment, “Heavy metals in canned foods sold in Nigeria,” conducted a nation-wide sampling of canned categories (fish, vegetables, meat) and applied harmonised AAS protocols with QA/QC and dietary risk modelling (EDI, THQ). Backgrounded by growing national reliance on canned goods, the study reported sporadic exceedances of Pb, Cr and Ni in certain products and stressed cumulative exposure concerns. Recommendations included routine national surveillance, expanded laboratory capacity for NAFDAC, and transparent public reporting. This national perspective underlines the Sokoto study’s role as a regionally focused contribution to a broader surveillance network.
Fortune Journals’ (2019) Umuahia study, “Comparative heavy metals in processed and fresh tomatoes,” addressed whether processing concentrates metals found in raw tomatoes and whether canned/sachet pastes pose incremental risk. Using hotplate digestion and AAS on paired fresh and processed samples, the study found that while essential metals remained within nutritional ranges, certain processed brands showed detectable Pb and Cd — especially when raw materials came from polluted soils. The authors recommended upstream interventions including soil and irrigation water testing and encouragement of inert packaging. The Sokoto study benefits from this upstream-to-processed approach by including questions on raw-material sourcing where available.
Kwame and Mensah’s (2020) Ghanaian experimental study, “Display conditions and metal migration in canned tomato mixes,” used acid simulants and controlled display-temperature experiments followed by ICP/AAS to assess how retail conditions influence metal leaching. Findings showed that longer display durations and higher ambient temperatures significantly increased Pb and Sn migration into acidic matrices. The authors recommended cooled retail displays, shortened shelf times, and improved inner coatings for cans. This practical retail insight is directly applicable to Sokoto’s market-sampling plan: when possible, record retail display conditions and shelf-life to interpret observed metal variability.
David and Nela’s (2016) analytical paper, “Heavy metal analyses in canned tomato paste: concentration patterns,” measured Cr, Fe, Pb, Cd, Sn and Al across multiple canned tomato brands using validated digestion and AAS. Motivated by the acidic nature of tomato products, the study found detectable levels of several metals and implicated both agricultural uptake and packaging migration. Their recommendations emphasized adoption of higher-quality coatings, supplier audits, and routine QA/QC in processing plants. For your Sokoto research, this study supports including both agricultural and packaging explanations when interpreting tomato-paste metal concentrations.
Comparative Study Team’s (2024) analysis, “Lead in canned versus bottled tomato products,” directly contrasted Pb levels in canned and bottled (glass/plastic) tomato sauces using identical AAS protocols. Background concerns included packaging as a determinant of Pb exposure; results indicated higher mean Pb in some canned samples compared with bottled counterparts, implicating packaging contribution in those cases. The authors recommended promoting safer packaging formats and remediating Pb sources in cultivation areas. This comparison strengthens the Sokoto study’s rationale for examining packaging types and for recommending alternative packaging where feasible.
“Monitoring of corrosion and metal migration in tomato paste cans” (2020), an industrial-materials study, combined SEM/EDX to characterise can interior defects with ICP-OES measurement of migrated metals after storage trials. Backgrounded by can-manufacture concerns, the study identified seam corrosion and coating micro-defects as loci for metal migration into acidic food matrices. Key recommendations included improved seam-welding quality, routine batch testing for coating integrity, and pre-market certification of canneries. These manufacturing-focused findings are useful to Sokoto research insofar as packaging defect inspection can be integrated into the discussion of possible contamination sources.
Onwuka’s (2015) field survey, “Heavy metal contamination of tomato paste in urban Nigerian markets,” sampled multiple processed tomato brands and used hotplate digestion and AAS with health-risk calculations (EDI, THQ). The study found occasional Pb and Cd exceedances in specific brands and linked contamination to both polluted cultivation sites and packaging. Recommendations included enhanced NAFDAC testing, supplier traceability, and farmer education on safe water use. For Sokoto, Onwuka’s study underscores the importance of assessing both environmental and industrial drivers and of communicating findings to regulatory authorities.
Okoye and Ugwu’s (2018) field-to-factory study, “Soil-to-can pathways in tomato processing,” combined soil and irrigation-water assays with plant tissue and final-product AAS analyses to map how wastewater irrigation and contaminated soils contribute to processed-product metal loads. The methodology traced metals from cultivation through processing, finding clear carry-over of Pb and Cd from wastewater-irrigated fields into final canned paste. Recommendations were policy-oriented: enforce safe irrigation standards, certify suppliers, and implement raw-material testing prior to processing. This end-to-end approach is directly relevant to Sokoto research, which may consider recommending upstream interventions where field-origin data are available.
Retail Simulation Team’s (2021) controlled trial, “Retail display effects on metal migration into canned tomato paste,” modelled temperature and time effects on metal migration using food simulants and AAS quantification. The study found that high ambient temperatures and prolonged shelf life significantly increased migration of Sn, Pb and Fe, particularly in weakened coatings. Policy suggestions included retailer guidance, shelf-life labelling, and consumer advisories on storage. For Sokoto, these experimental insights encourage the collection of shelf-age data and storage-condition notes when sampling products in markets.
Factory Audit Authors’ (2019) investigative report, “In-plant contamination sources in tomato processing,” conducted swab-sampling of equipment, processing-water testing and finished-product AAS to identify internal contamination points. Backgrounded by anecdotal regulatory failures, the study implicated corroded equipment, poorly maintained piping and contaminated process water in occasional elevated metal readings. It recommended equipment maintenance, worker-hygiene training and replacement of corroded components. The Sokoto study can reference these practical in-plant sources as plausible explanations where packaging alone does not account for observed metal levels.
Regional Review Authors’ (2022) synthesis, “Canned tomato paste safety in West Africa: surveillance and compliance,” reviewed national product surveys and monitoring reports across West African countries to identify recurring patterns in canned-product contamination. The review concluded that sporadic Pb and Cd exceedances occur in isolated batches, and that harmonised regional testing, a shared results database, and capacity building for regulators (NAFDAC and equivalents) were necessary. Recommended policy measures included prioritising high-consumption products for routine testing and regional harmonisation of methods. This regional policy lens supports the Sokoto study’s objective to provide robust, regionally relevant empirical data that can feed into broader monitoring frameworks.
[bookmark: _Toc212979324]
CHAPTER THREE:
[bookmark: _Toc213581524]3.0 MATERIALS AND METHODS
[bookmark: _Toc212979325][bookmark: _Toc213581525]3.1 Materials
Information on the instruments, chemicals and methods used in this research are presented in the following subsections.
3.1.1 Instruments
The instruments used in this research work are listed in Table 3.1. The instruments were used in accordance to manufacturers’ operation guidance.
The apparatus and equipment used in this study are presented in Table 3.1.
Table 3.1: List of instruments used
	Equipment / Material
	Model
	Manufacturer

	Weighing Balance
	8030 series
	China

	Hot Plate
	KI 149A
	Bionic Scientific India

	Atomic Absorption Spectrophotometer
	Shemad Zou
	Japan Technology


3.1.2 Reagents used
The reagents used in this research work are listed in Table 3.2. All the chemicals were of analytical grade and were used as purchased without prior purification.



 Table 3.2: List of Reagents Used
	S/N
	Reagent
	Formula 
	Purity (%)    
	Manufacturer

	1
	Nitric Acid
	HNO3 
	65%
	Lova Chemie PVT. LTD

	2
	Hydrochloric Acid
	HCl 
	35%
	Sigma-Aldrich, Germany

	3
	Distilled water 
	H2O
	99.5%
	CASRAS


3.1.3 Sample collection and preparation
Samples of canned fish and canned tomatoes were collected from Lissahi Store, open markets, and retail shops within Sokoto Metropolis. Two brands of each product were selected based on availability, popularity, and frequency of consumption among residents.
Each Can was carefully examined to ensure it was sealed, intact, and within its expiry date before purchase. The samples were then transported to the Chemistry Laboratory, Usmanu Danfodiyo University, Sokoto, and stored at room temperature until analysis.
For preparation, each can was opened using a stainless-steel opener to minimize contamination. The contents were homogenized using a stainless-steel blender to ensure uniform distribution of trace elements. From the homogenized samples, approximately 5 g was weighed accurately using an analytical balance and transferred into clean digestion flasks for further analysis.
[bookmark: _Toc212979326][bookmark: _Toc213581526]3.2 Methods
3.2.1 Sample digestion
A wet acid digestion procedure was employed to break down the organic matrix of the samples and release metals into solution. Approximately 5 g of the homogenized sample was weighed into a clean digestion flask.
Ten milliliters (10 mL) of concentrated nitric acid (HNO₃) was added, and the mixture was gently heated on a hot plate until brown fumes ceased, indicating partial oxidation. After cooling, 5 mL of Hydrochloric Acid (HCl) was added, and heating continued until a clear solution was obtained.
The digested solution was allowed to cool, diluted with distilled water to 50 mL, and filtered into a volumetric flask (Iwegbue, 2015; Mohammed & Othman, 2017). Reagent blanks were also prepared following the same procedure to correct for background contamination (Yakubu, 2017; Okoye and Ugwu, 2010).	
3.2.2 Determination of trace metals
The concentrations of trace metals such as cadmium (Cd), iron (Fe), zinc (Zn), and lead (Pb) were determined using an Atomic Absorption Spectrophotometer (AAS).
Standard solutions were prepared from certified 1000 mg/L stock solutions and used to calibrate the instrument. Sample absorbance values were measured at each element’s characteristic wavelength, and metal concentrations were calculated from the calibration curves.
Where necessary, results were validated by cross-checking with reference standards to ensure analytical accuracy.
3.2.3 Quality control and assurance
All glassware used was soaked overnight in 10% nitric acid and rinsed thoroughly with distilled water before use. Each sample was analyzed in 4, and the mean concentration was recorded.
Reagent blanks were analyzed alongside the samples to account for background interference (Iwegbue, 2015; Mohammed and Othman, 2017). Recovery experiments were performed by spiking samples with known metal standards, and recovery rates between 90–110% were accepted as satisfactory (Yakubu, 2017; Okoye and Ugwu, 2010). These quality control procedures ensured the accuracy and reliability of the results (Silva et al., 2019; Adetunji, 2015).
3.2.4 Data analysis
The concentrations of trace metals obtained were expressed as mean ± standard deviation. Statistical analyses were carried out using SPSS version 25 and Microsoft Excel 2016.
Independent t-tests were used to compare mean concentrations between canned fish and canned tomato samples. 
The results were compared with the permissible limits for trace metals in food as recommended by the World Health Organization (WHO) and the Food and Agriculture Organization (FAO) to assess the safety and nutritional implications of the products.
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Table 4.1: Concentration of Trace Elements in Canned Fish and Canned Tomatoes (ppm)
	S/N
	Sample
	Zn
	Cd
	Fe
	Cu
	Pb

	1
	Mother Sardine Fish
	0.07
	0.15
	0.2
	0.04
	0.07

	2
	Haano Mackerel Fish
	0.05
	0.15
	5.91
	0.03
	0.02

	3
	Nagiko Tomato
	1.08
	0.23
	25.47
	0.14
	0.03

	4
	Magnate Tomato
	1.2
	0.26
	24.64
	0.27
	0.08

	
	
	
	
	
	
	

	
	Permissible Limit (ppm)
	50.0
	0.05
	15.0
	10.0
	0.1



[bookmark: _GoBack]Table 4.2: Mean and Standard Divition Concentration of Trace Elements by Food Type (ppm)
	Food Type
	Zn
	Cd
	Fe
	Cu
	Pb

	Canned Fish (Mean/SD)
	0.06±0.01
	0.15±0
	3.055±2.855
	0.035±0.005
	0.045±0.025

	Canned Tomatoes (Mean/SD)
	1.14±0.06
	0.245±0.015
	25.055±0.415
	0.205±0.065
	0.055±0.025


The comparative analysis of trace elements in canned fish and canned tomatoes revealed clear differences in the concentrations of the metals analyzed. Overall, the canned tomato samples showed higher mean concentrations of all the examined elements compared to the canned fish samples. This variation could be attributed to differences in product composition, processing conditions, and the acidic nature of tomatoes, which may enhance the dissolution of metals from can linings during storage. The independent t-test results confirmed that the observed differences between the two food types were statistically significant at p < 0.05, indicating that the mean metal concentrations in canned tomatoes were significantly higher than those in canned fish.
Iron (Fe) was the most abundant trace element detected, with tomato samples recording the highest levels. Specifically, Nagiko Tomato and Magnate Tomato contained 25.47 ppm and 24.64 ppm, respectively, while Haano Mackerel Fish and Mother Sardine Fish showed much lower concentrations of 5.91 ppm and 0.20 ppm. The elevated iron levels in tomatoes could arise from soil uptake during cultivation or leaching from can materials, whereas the lower levels in fish samples suggest minimal contamination from packaging.
Zinc (Zn) concentrations followed a similar pattern, being higher in tomatoes (1.08–1.20 ppm) than in fish (0.05–0.07 ppm). Zinc is an essential nutrient required for enzyme activity and immune function; thus, its presence in these amounts indicates nutritional benefit without posing health risks. The relatively low zinc levels in canned fish may result from differences in the raw material composition and the non-acidic environment of fish products.
Copper (Cu) levels were also higher in tomato samples (0.14–0.27 ppm) than in fish (0.03–0.04 ppm). The acidic conditions of tomatoes may contribute to the slight corrosion of the can’s internal surface, allowing trace copper migration. However, all detected levels were within the World Health Organization (WHO) and Food and Agriculture Organization (FAO) permissible limits, confirming product safety.
Cadmium (Cd) and lead (Pb), both toxic metals, were detected in low concentrations in all samples. Canned tomatoes recorded Cd levels between 0.23 and 0.26 ppm and Pb levels between 0.03 and 0.08 ppm, while canned fish showed Cd between 0.15 ppm and Pb between 0.02 and 0.07 ppm. Although tomatoes had slightly higher values, all results remained below the recommended safety limits, indicating that these products are not harmful to consumers under normal consumption levels.
In summary, the statistical comparison using independent t-tests demonstrated that canned tomatoes consistently contained significantly higher concentrations of Fe, Zn, Cu, Pb, and Cd than canned fish. The differences can be linked to product acidity, can material reactivity, and possible soil-to-plant transfer in tomatoes. Nevertheless, all concentrations fell within safe dietary limits, signifying that both canned fish and canned tomatoes sold within Sokoto Metropolis are safe for consumption, though continuous monitoring is recommended to prevent long-term accumulation of toxic metals.
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[bookmark: _Toc213581531]5.0 CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc212979332][bookmark: _Toc213581532]5.1 Conclusion
This research was conducted to determine and compare the concentrations of selected trace elements iron (Fe), zinc (Zn), copper (Cu), lead (Pb), and cadmium (Cd),in different brands of canned fish and canned tomatoes sold in Sokoto Metropolis. The study revealed that all the analyzed samples contained these trace elements in varying concentrations, but within the permissible limits set for food safety. Generally, canned tomatoes exhibited higher concentrations of all the metals than canned fish. This variation may be attributed to the acidic nature of tomatoes, which enhances the leaching of metals from can linings into the product. In contrast, canned fish, being less acidic, showed comparatively lower concentrations of metals, suggesting a lower tendency for metal migration during storage.
Among the detected elements, iron had the highest concentration, especially in the tomato samples, while lead and cadmium were present in the lowest amounts. The presence of essential elements such as Fe, Zn, and Cu in moderate quantities contributes positively to nutrition, as they are vital for metabolic and physiological functions. However, toxic elements like Pb and Cd, even though detected in trace amounts, require careful attention because of their potential to accumulate in the body over time. Based on the results, both canned fish and canned tomatoes in Sokoto Metropolis can be considered safe for human consumption in terms of trace element content. Nevertheless, the higher levels observed in tomatoes indicate the need for continuous surveillance to prevent future health risks due to possible accumulation.
[bookmark: _Toc212979333][bookmark: _Toc213581533]5.2 Recommendations
Based on the findings of this study, it is recommended that regular monitoring of trace metal concentrations in canned food products be carried out by relevant food safety authorities. Routine testing will help ensure that the levels of essential and toxic elements remain within acceptable limits. Manufacturers should also prioritize the use of high-quality raw materials and packaging materials that minimize metal leaching, particularly for acidic products like tomatoes. This step will not only enhance consumer safety but also improve the overall quality and reputation of processed food products in the Nigerian market.
Consumers should also be educated on safe handling and selection of canned foods. It is advisable to avoid purchasing or consuming damaged, rusted, or expired cans, as such defects can increase the risk of contamination. Furthermore, manufacturers should adhere strictly to good manufacturing and hygiene practices throughout production and storage processes. Future research should expand to include more brands and other commonly consumed canned products to provide a broader understanding of trace metal contamination patterns in Nigerian markets. Regular collaboration among researchers, manufacturers, and regulatory agencies will strengthen food safety practices and safeguard public health.
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APPENDIX

[bookmark: _Toc213581535]AAS Results Calculation Notes
1. Mother Sard Fish 
Zn = 0.005 ppm
[image: ]
Cd = 0.016 ppm
[image: ]
Fe = 0.09 ppm
[image: ]
Cu = 0.04 ppm
[image: ]
Pb = 0.007 ppm

2. Fe Sample (Next Page, Right Side)
Fe = 0.91 ppm
[image: ]
Cu = 0.003 ppm
[image: ]

Pb = 0.02 ppm
[image: ]
3. Nagiko Tomato
Zn = 0.108 ppm
[image: ]
Cd = 0.03 ppm
[image: ]
Fe = 2.547 ppm
[image: ]
Cu = 0.014 ppm
[image: ]
4. Haano mackerel fish
Zn = 0.005 ppm
[image: ]
Cd = 0.015 ppm
[image: ]

[bookmark: _Toc213581536]Determination Concentration in Tomato Sample (Magnate Tomato)
Formula Used:
[image: ]

[bookmark: _Toc213581537]1. Zinc (Zn) = 0.120 ppm
[image: C:\Users\User\AppData\Local\Microsoft\Windows\INetCache\Content.Word\AI 1.png]
[bookmark: _Toc213581538]2. Cadmium (Cd)
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[bookmark: _Toc213581539]3. Iron (Fe)
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[bookmark: _Toc213581540]4. Copper (Cu)
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[bookmark: _Toc213581541]5. Lead (Pb)
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manual calculations of standard deviation (SD) for metals (Zn, Cd, Fe, Cu, Pb) in Canned Fish (Mother Sardines Fish). You followed the formula:
Canned Fish Analysis
[bookmark: _Toc213581542]Sample: Mother Sardines Fish
Formula for Standard Deviation (SD):
[image: C:\Users\User\AppData\Local\Microsoft\Windows\INetCache\Content.Word\SD 1.png][
Where:
( \bar{X} ) = mean of the values
( X_i ) = each individual value
( n ) = number of values
[bookmark: _Toc213581543]Zinc (Zn)
Values: 0.07, 0.05
Mean: 0.06
[image: C:\Users\User\AppData\Local\Microsoft\Windows\INetCache\Content.Word\SD 2.png]
SD (Zn) = 0.01






[bookmark: _Toc213581544]Cadmium (Cd)
Values: 0.15, 0.15
Mean: 0.15
[image: C:\Users\User\AppData\Local\Microsoft\Windows\INetCache\Content.Word\SD 3.png]
SD (Cd) = 0.00
[bookmark: _Toc213581545]Iron (Fe)
Values: 3.085, 5.91
Mean: 4.4975
[image: C:\Users\User\AppData\Local\Microsoft\Windows\INetCache\Content.Word\SD 4.png]
SD (Fe) = 1.41






[bookmark: _Toc213581546]Copper (Cu)
Values: 0.04, 0.03
Mean: 0.035
[image: C:\Users\User\AppData\Local\Microsoft\Windows\INetCache\Content.Word\SD 5.png]
SD (Cu) = 0.005
[bookmark: _Toc213581547]Lead (Pb)
Values: 0.07, 0.02
Mean: 0.045
[image: C:\Users\User\AppData\Local\Microsoft\Windows\INetCache\Content.Word\SD 6.png]
SD (Pb) = 0.025





[bookmark: _Toc213581548]Calculated Parameters
Zn
· Values: 1.08, 1.14
· Mean (x̄): 1.11
[image: C:\Users\User\AppData\Local\Microsoft\Windows\INetCache\Content.Word\mean 1.png] 
Cd
· Values: 0.23, 0.26
· Mean (x̄): 0.245
[image: C:\Users\User\AppData\Local\Microsoft\Windows\INetCache\Content.Word\mean 2.png] 
Fe
· Values: 2.64, 2.64
· Mean (x̄): 2.055
[image: C:\Users\User\AppData\Local\Microsoft\Windows\INetCache\Content.Word\mean 3.png]
Cu
· Values: 0.07, 0.06
· Mean (x̄): 0.065
[image: C:\Users\User\AppData\Local\Microsoft\Windows\INetCache\Content.Word\mean 4.png]




Pb
· Values: 0.03, 0.08
· Mean (x̄): 0.055
[image: C:\Users\User\AppData\Local\Microsoft\Windows\INetCache\Content.Word\mean 5.png]
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