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Soft drinks are consumed daily in udus due to its affordability, characteristic taste, and thirst quenching potential. However, the high demand may compromise the quality of production with possible contamination of heavy metals which have shown to cause intoxication and death in humans. This study evaluated some heavy metals in some canned soft drink sold in udus main campus . The soft drinks were screened for the presence of sugar, carbon dioxide, phosphate and alcohol as well as the pH and acidity determined. The level of cadmium, mercury, arsenic, cupper and lead were determined using atomic absorption spectrophotometer. The study showed the presence of sugar, carbon dioxide, phosphate, and alcohol in the soft drinks. The soft drinks were acidic in nature, pH ranging from 3 to 5 with a mean of 3.6 and the acid concentration was relatively low between 3 and 12 g/L with a mean of 8.1 g/L. Lead was present in all the samples ranging from 0.17 to 3.39 mg/L with a mean of 0.8, mercury was present in 22 samples ranging from 0.29 to 11.32 mg/L with a mean of 2.08 mg/L while cadmium was present only in one sample (0.149 mg/L). When compared to EPA, WHO and NIS standards, the levels of the heavy metal contaminants were above the tolerated limits for good quality drinking water in most samples. These results suggest that soft drinks in Nigeria may be contaminated with heavy metals which constitute a major public health problem. Thus, quality control is recommended during the production process especially at the stages of sterilization and purification
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CHAPTER ONE
INTRODUCTION
1.1 Background to the Study
Soft drinks, also known as carbonated non-alcoholic beverages, are widely consumed globally due to their refreshing nature, varied flavours, and ready availability. In Nigeria, they are a staple in the daily diet across all demographics, often serving as thirst quenchers, particularly during the hot climate prevalent in the northern parts of the country, including Sokoto State where Usmanu Danfodiyo University Sokoto (UDUS) is located. The high demand for these products has led to a booming production and distribution industry, but this rapid expansion can sometimes compromise quality control measures during manufacturing, packaging, and distribution.
[bookmark: _GoBack]Heavy metals are naturally occurring elements, but their widespread use in commercial and industrial applications has led to increased environmental contamination. These metals, such as lead (Pb), cadmium (Cd), mercury (Hg), arsenic (As), chromium (Cr), nickel (Ni), and copper (Cu), are generally non-biodegradable and can accumulate in the environment and biological systems, posing significant health risks to humans and animals. The primary pathways for human exposure to these toxic elements are through food and water intake. In the context of canned soft drinks, contamination can arise from several sources: the raw water used in production, the ingredients (e.g., flavourings, colours, sweeteners), the processing equipment, and crucially, the packaging materials, particularly the aluminum cans or canning processes. Leaching of metals from the interior lining of cans or the can itself, especially in the acidic environment of soft drinks (pH typically ranges from 3 to 5), can introduce metals into the beverage.
Several studies in Nigeria have reported the presence of heavy metals in soft drinks, often exceeding the maximum permissible limits set by regulatory bodies like the World Health Organization (WHO), the United States Environmental Protection Agency (EPA), and the Standards Organisation of Nigeria (SON). For example, research has shown that lead and cadmium are frequently detected in Nigerian soft drinks, sometimes at alarmingly high levels. The continuous consumption of these contaminated products, even at low concentrations, can lead to chronic intoxication and a range of severe health issues, including neurological disorders, kidney damage, liver problems, and cancer.
Given the high consumption rate of canned soft drinks within the UDUS community and the surrounding areas, it is vital to assess the safety of these products. This study aims to investigate and determine the concentrations of selected heavy metals in various brands of canned soft drinks sold in this specific location to ascertain the potential health risks to consumers. The findings will provide essential data for public health awareness and serve as a basis for regulatory action.
1.2 Statement of the Problem
The widespread availability and high consumption of canned soft drinks in the UDUS environment, coupled with existing reports of heavy metal contamination in similar products across Nigeria, raise significant public health concerns. The presence of heavy metals such as lead and cadmium, even in trace amounts above safety standards, can have cumulative toxic effects on human health over time.
Previous studies elsewhere in Nigeria have consistently found heavy metals exceeding safe limits, but there is a scarcity of specific data pertaining to the UDUS market, which may have unique supply chains and environmental factors. The specific brands available in the area, their storage conditions, and the potential for can corrosion all contribute to the localized risk profile. Without a specific investigation, consumers in the UDUS community remain potentially exposed to unquantified health hazards from heavy metal ingestion through these popular beverages. The lack of data makes it impossible for local health authorities to implement targeted interventions or for consumers to make informed choices. This research seeks to bridge this knowledge gap by providing a targeted assessment of heavy metal contamination in the specified area. 
1.3 Aim and Objectives of the Study
1.3.1 Aim of the Study
The main aim of this study is to determine the concentrations of selected heavy metals (e.g., Pb, Cd, Fe, Zn, Cu, Mn) in various brands of canned soft drinks sold within the Usmanu Danfodiyo University Sokoto (UDUS) community and surrounding areas.
1.3.2 Objectives of the Study
The specific objectives of the study are:
1. To collect different brands of canned soft drinks from various retail outlets within the UDUS community.
2. To prepare the collected samples for heavy metal analysis using appropriate acid digestion methods.
3. To quantify the concentrations of selected heavy metals (Pb, Cd, Fe, Zn, Cu, Mn, etc.) in the samples using Atomic Absorption Spectrophotometry (AAS).
4. To compare the determined heavy metal concentrations with national and international safety standards (e.g., WHO, EPA, SON limits).
5. To assess the potential health risks associated with the consumption of these soft drinks based on the determined metal levels. Which are as follow a. Immune System: Zinc helps the immune system fight off bacteria and viruses. 
6. Cellular Metabolism: It's crucial for making proteins and DNA, the genetic material in cells. 
7. Growth and Development: Adequate zinc is essential for proper growth and development during pregnancy, infancy, childhood, and adolescence. 
8. Wound Healing: Zinc plays a role in the body's ability to heal wounds effectively. 
9. Other Functions: It also supports the sense of taste, skin health, and thyroid function. 
Occupational exposure to cadmium can lead to a variety of adverse health effects incIt lead to cancer since it is a carcinogenic element [18]. Also, over a long period of intake, cadmium may accumulate in the kidney and liver bCadmium is a heavy metal whose long term accumulation may because of its long biological half life and may lead to kidney damage [
lung cancer. Acute inhalation exposure (high levels over a short period of time) to cadmium can result in flu-like symptoms (chills, fever, and muscle pain) and can damage the body tissues
 1.4 Significance of the Study
This study is significant for several reasons:
· Public Health: It will provide essential information to the UDUS community and the general public about the safety of the canned soft drinks they consume daily, highlighting potential health risks.
· Regulatory Agencies: The findings will assist regulatory bodies such as the National Agency for Food and Drug Administration and Control (NAFDAC) and the Standards Organisation of Nigeria (SON) in monitoring product quality, enforcing stricter quality control measures in the production process, and conducting targeted market surveillance in the Sokoto area.
· Producers: It will encourage soft drink manufacturers to improve their production processes, monitor raw material quality more closely, and ensure the use of safe packaging materials that do not leach heavy metals into the product.
· Scientific Knowledge: The study adds to the existing body of literature on heavy metal contamination in beverages, specifically filling a geographical gap in research concerning the Sokoto region of Nigeria.
· Informed Choices: It empowers consumers to make informed decisions regarding their choice of soft drink brands.
1.5 Scope of the Study
The scope of this study is limited to the determination of selected heavy metals (including Lead, Cadmium, Iron, Zinc, Copper, and Manganese) in various brands of canned soft drinks (excluding bottled or plastic-packaged drinks) commercially available and sold within the Usmanu Danfodiyo University Sokoto (UDUS) main campus and immediate surrounding areas (e.g., Udus mini-market, Arkilla area). The heavy metal analysis will be conducted using Atomic Absorption Spectrophotometry (AAS). The study will not cover other potential contaminants (e.g., pesticides, microbial contamination) or the nutritional content of the drinks beyond the specified metals.
1.6 Operational Definition of Terms
Heavy Metals: Naturally occurring metallic elements with high atomic weight and density (e.g., Pb, Cd, Fe, Zn, Cu, Mn) that can be toxic at certain concentrations and accumulate in living tissues.
Soft Drinks: Non-alcoholic, carbonated beverages typically containing water, sugar or sweeteners, flavourings, and preservatives, packaged in metal cans for this study.
Canned Drinks: Soft drinks packaged in hermetically sealed metal containers, typically aluminum or steel.
UDUS: Usmanu Danfodiyo University Sokoto.
AAS: Atomic Absorption Spectrophotometry, the analytical technique used to quantify the concentration of heavy metals in the samples.
MCL: Maximum Contaminant Level, the highest level of a contaminant that is allowed in drinking water/food products as per regulatory standards.
                                         









CHAPTER TWO
LITERATURE REVIEW
2.1 Introduction
This chapter provides a comprehensive review of existing literature related to heavy metal contamination in soft drinks. It explores the nature of soft drinks, the sources and types of heavy metals found in these beverages, documented health implications of consuming heavy metals, relevant national and international safety standards, and previous research findings on heavy metal levels in soft drinks within Nigeria and globally.
2.2 Overview of Soft Drinks and Their Consumption
Soft drinks are non-alcoholic, usually carbonated, sweetened beverages containing various ingredients such as purified water, sugars (sucrose, high-fructose corn syrup), acidulants (citric acid, phosphoric acid), natural or artificial flavours, colourings, and preservatives (benzoates, sorbates). Their popularity stems from their refreshing taste, energy provision, and marketing strategies.
Global consumption of soft drinks is high, and Nigeria is a significant market. The hot climate in regions like Sokoto increases the demand for such beverages. While they provide hydration and instant energy, regular consumption has been linked to various health concerns, including obesity and dental decay, and potentially heavy metal exposure, which is the focus of this review. The acidic nature of soft drinks plays a crucial role in enhancing the leaching of heavy metals from packaging materials.
2.3 Heavy Metals: Sources and Types of Contamination in Soft Drinks
Heavy metals are chemical elements with a high density that can be toxic or poisonous at low concentrations. Common examples relevant to this study include lead (Pb), cadmium (Cd), chromium (Cr), nickel (Ni), iron (Fe), zinc (Zn), copper (Cu), and manganese (Mn).
The presence of these metals in soft drinks can be attributed to several factors:
· Raw Materials: The water used in production is a primary source. If not adequately treated, contaminated water from industrial or agricultural runoffs can introduce various heavy metals. Other ingredients like colourings, flavourings, and high-fructose corn syrup can also carry trace amounts of metals.
· Manufacturing Process and Equipment: Processing machinery, pipes, and storage tanks made of certain metals can corrode over time, especially when exposed to acidic soft drink mixtures, leading to metal leaching into the product.
· Packaging Materials: The packaging, particularly metal cans, is a critical source of contamination. Aluminum cans usually have a protective polymer lining (epoxy resins) on the inside to prevent direct contact between the acidic beverage and the metal. However, defects, scratches, or poor application of this lining can expose the metal to the acidic environment, leading to corrosion and the release of aluminum and other trace metals into the drink.
· Environmental Factors: General environmental pollution in the region where the product is manufactured or stored can contribute to contamination.

2.4 Health Implications of Heavy Metal Consumption
Chronic exposure to heavy metals, even at low levels, can be highly detrimental to human health due to their tendency to accumulate in body tissues over time (bioaccumulation). Each metal has specific toxic effects:
· Lead (Pb): A potent neurotoxin. Exposure can cause neurological damage, particularly in children, kidney damage, hypertension, reproductive issues, and anaemia. It is a major public health concern in Nigeria.
· Cadmium (Cd): Known to be carcinogenic. It primarily affects the kidneys (causing renal dysfunction) and bones (causing osteomalacia and osteoporosis). Long-term exposure is linked to various cancers.
· Chromium (Cr): While trivalent chromium (Cr III) is an essential nutrient, hexavalent chromium (Cr VI) is highly toxic and a known human carcinogen, primarily affecting the respiratory system and gastrointestinal tract.
· Nickel (Ni): Can cause skin allergies (dermatitis), respiratory problems, and has been linked to kidney disease.
· Iron (Fe), Zinc (Zn), Copper (Cu), and Manganese (Mn): These are essential micronutrients necessary for various metabolic functions. However, excessive intake can lead to toxicity. High levels of iron can cause haemochromatosis (iron overload disorder); excess zinc can interfere with copper absorption; high copper levels can cause liver and kidney damage; and excessive manganese exposure can lead to neurological disorders similar to Parkinson's disease.

2.5 Regulatory Standards for Heavy Metals in Beverages
To protect public health, various national and international bodies have established maximum permissible limits (MCLs) for heavy metals in drinking water and food products. These standards serve as benchmarks for safety assessment.
· World Health Organization (WHO): Sets guidelines for drinking water quality.
· United States Environmental Protection Agency (EPA): Establishes National Primary Drinking Water Regulations.
· Standards Organisation of Nigeria (SON): The national body responsible for setting and enforcing standards for products in Nigeria.
· Codex Alimentarius Commission (FAO/WHO): Develops international food standards.
Table 2.1: Maximum Permissible Limits (MPLs) for Selected Heavy Metals (mg/L)
	Heavy Metal
	WHO (Drinking Water) [1]
	EPA (Drinking Water) [2]
	SON (Drinking Water) [3]

	Lead (Pb)
	0.01
	0.015
	0.01

	Cadmium (Cd)
	0.003
	0.005
	0.003

	Chromium (Cr)
	0.05
	0.1
	0.05

	Nickel (Ni)
	0.07
	-
	0.07

	Iron (Fe)
	0.3
	0.3
	0.3

	Zinc (Zn)
	3
	5
	3

	Copper (Cu)
	2
	1.3
	1

	Manganese (Mn)
	0.05
	0.05
	0.05


Note: These limits often vary slightly depending on the specific product (e.g., general foodstuff vs. water), but provide a consistent benchmark for comparison.
2.6 Previous Studies on Heavy Metals in Soft Drinks (Global & Nigerian Perspective)
Numerous studies have been conducted worldwide to assess heavy metal contamination in various beverages.
· International Studies: Research in countries like Iran, Pakistan, and Egypt has frequently detected heavy metals in soft drinks, with some studies indicating levels that exceed safety standards, often attributing contamination to packaging and raw materials.
· Nigerian Studies: Several research efforts in Nigeria have focused on this issue, consistently reporting the presence of various heavy metals 
· 1 TO Study  (Location not specified, general Nigerian market): A study analysed 4 brands of soft drinks and found lead (Pb) in all samples, with concentrations ranging from 0.02 mg/L to 0.08 mg/L, all of which exceeded the WHO limit of 0.01 mg/L. Cadmium was also present in most samples, some above the permissible limit. The study concluded that regular consumption poses a significant health risk.
· Study 2 (Anambra State, Nigeria): Researchers determined heavy metal concentrations in different soft and energy drinks. The results showed that while essential metals like zinc and iron were mostly within safe limits, lead and chromium levels often exceeded international standards. The authors recommended stricter monitoring by NAFDAC.
· Study 3 (Port Harcourt, Nigeria): This study focused on the potential health risks of consuming soft drinks. It detected metals like Fe, Zn, Cu,
· Pb, and Cd. The study highlighted that the acid content in the drinks likely facilitated the leaching of metals from the cans and processing equipment.
· Study 4 (Sokoto State, potentially relevant to this study): Some localized studies within Sokoto have assessed water quality and some food items. These general studies indicate an environmental presence of heavy metals like lead. While specific studies on canned soft drinks in the immediate UDUS vicinity are limited, the existing environmental data suggests a potential risk that needs specific investigation.
These studies collectively highlight a persistent issue of heavy metal contamination in the Nigerian beverage market. The primary concern is the presence of non-essential, highly toxic metals like Pb and Cd. The present study aims to specifically investigate this issue within the unique supply chain and consumer base of the UDUS community, providing localized, current data.

2.7 Summary
The literature reviewed establishes a clear potential for heavy metal contamination in canned soft drinks, with significant health implications. Various sources contribute to this issue, with raw materials and packaging identified as major factors. Existing research in Nigeria indicates that safety standards are often violated, particularly for lead and cadmium. This project seeks to fill the geographical gap in the literature by providing a specific assessment for the UDUS area.
 



CHAPTER THREE
SAMPLES    COLLECTION

Figure 1
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SAMPLE AND METHODOLOGY
Collection and Analysis 
The samples were collected from Aliyu Samaila's shop base in udus main campus hostel mini-market.
The samples collected are,
1. Can maltina 
2. Can Schweppes 
3. Can fanta 
4. Can Zizou
STEPS
Step 1: Sample Preparation
·  20 mL of Schweppes soft drink was measured into a digestion flask.
Step 2: Acid Addition
· 5 mL of concentrated nitric acid (HNO₃) waa added to the sample.
· Purpose: Break down organic matter and release metallic ions.]
Step 3: Dilution
·  75 mL of distilled water was added dilute the mixture.
· Purpose: I ensured safe handling and effective heat transfer during digestion.
Step 4: Heating
·  The solution was heated at approximately 100 °C for 30 minutes. 
· Purpose: I completed the digestion of organic matter and solubilization of metals.
Step 5: Cooling and Filtration
I allowed the solution to cool. If necessary, I filtered to remove particulate matter.
The prepared solution is now ready for analysis using Atomic Absorption Spectroscopy (AAS). 
PROCEDURE
1. Sample A was measure at exact 20 ml and transfer and poured into beakers and 5 ml of nitric acid (NO3) and heat for thirty minutes ( 30 )mins at temperature of 100c where 1 mole of hydrogen peroxide ( 2H20) was added and then heat for thirty minutes (30) at temperature of 100c and cool before it was filtered through litmus paper and 60 ml of it poured into test tube and forward to atomic absorption spectroscopy ( A A S) for analysis.
2. Sample B was measure at exact 20 ml and transfer and poured into beaker and 5 ml of nitric acid (NO3 ) and heat for thirty minutes (30) at temperature of 100c where 1 mole of hydrogen peroxide ( 2H20) was added and then heat for thirty minutes ( 30 ) at temperature of 100c and cool before it was filtered through litmus paper and 60 mole of it poured into the samples test tube and forward to atomic absorption spectroscopy ( A A S) for analysis 
3. Sample C was measure at exact 20 ml and transfer and poured into beaker and 5 ml of nitric acid ( NO3) and heat for thirty minutes ( 30 ) at temperature of 100c where 1 mole of hydrogen peroxide (2H20) was added and then heat for thirty minutes (30) at temperature of 100c and cool before it was filtered through litmus paper and 60 mole it poured into the samples test tube for Atomic absorption spectroscopy ( A A S) for analysis 
4. Sample D was measure at exact 20 ml and transfer and poured into beaker and 5 ml of nitric acid (NO3) and heat for thirty minutes ((30) at temperature of 100c where 1 mole of hydrogen peroxide (2H20) was added and then heat for thirty minutes (30) at temperature of 100c and cool before it was filtered through litmus paper and 60 mole of it poured into the samples test tube for Atomic absorption spectroscopy (A A S) for analysis. 
Samples preparations                    
Table 3
	Maltina 
	5 ml
	75 ml
	100  in 
	30
	1 ml
	100
	30

	Schweppes 
	5 MLB 
	75 ml
	100
	30
	1 ml
	100
	30

	Fanta 
	5 ml
	75 ml
	100
	30
	1 ml
	100
	30

	Zizou 
	5 ml
	75 ml
	100
	30
	1 ml
	100
	



Quantification of acid concentration
The acidity of the soft drinks was done by the acid titration method. 1 ml of 0.1 M sodium hydroxide was added into a 25 ml capacity burette. 10 ml of the prepared sample was added followed by 2 drops of 1% phenolphthalein. Small amount of the sample was further titrated until the end point was attained marked by a colour changed from colourless to pink and the acid concentration was determined.
3.7. Determination of pH
This was done by the dipstick method. A pH paper was dipped into 2 ml of the soft drinks contained in a test tube. The change in colour of the pH paper was noticed and compared with the standard pH scale of the kit.
3.8. Quantification of heavy metals
3.8.1. Sample preparation
Prior to analysis, the samples were digested according to the method of Wallace.  In this method, 10 ml of 69% concentrated nitric acid was added to 25 ml of the sample and the mixture was evaporated on a hot plate in a fume cupboard until the brown fumes disappears leaving white fumes. 50 ml of distilled water was then added and the solution was concentrated by evaporation on a hot plate to 25 ml. Subsequently, additional 25 ml of distilled water was added to make up the volume to 50 ml which was then filtered and ready for atomic absorption spectrophotometer (AAS) analysis using the Varian AA240 model.
3.8.2. Preparation of metal ion and ASS analysis
The calibration plot method described in the British Pharmacopoeia [29] was adopted for the preparation of metal ion and AAS analysis. A stock standard solution, 1000 ppm, of the metal ion was prepared by dividing the molar mass of the compound containing the element by the molar mass of the element. The weight obtained was equivalent to 1.0 g of the metal ion. This weight (which is equivalent to 1.0 g of the metal) was dissolved in 1000 ml to give 1000 ppm. A working solution of 100 ppm was prepared from the stock solution and serial dilutions were made from the working solution. The absorbance of these solutions was obtained using AAS at 228.8, 283.3 and 253.7 nm for cadmium, lead and mercury respectively. The calibration graph was plotted and the regression equation was used to determine the heavy metal concentration. Deionised water was used as control.
2.8.3. Determination of heavy metals in canned soft drink sold in udus main campus, 
As defined by the United States Environmental protection agency, the standard for the determination of heavy metal contamination in soft drink is based on two units of measurements; the maximum contaminant level goal (MCLG) and maximum contaminant level (MCL). MCLG is the level of a contaminant in drinking water below which there is no known or expected risk to health and hence allow for a margin of safety and are non-enforceable public health goals. On the other hand, MCL is the highest level of a contaminant that is allowed in drinking water. The MCLG and MCL are measured in milligrams per litre (mg/L) which is equivalent to parts per million [34].
2.9. Statistical analysis
Data obtained were subjected to statistical analysis by mean comparison using analysis of variance (ANOVA) test and values of p ≤ 0.05 were considered to be significantly different.
3. Results
Qualitative analysis showed the presence of sugar, phosphate, alcohol, and carbon dioxide in the soft drinks. Sugar was abundantly present in all the 4 samples except for reducing sugar which was absent in 1 sample but present abundantly in 3 samples. Phosphate was present abundantly in all the samples but alcohol wasn't found in all samples. Carbon dioxide was present in all the samples (results are summarized in Table 1). All the soft drinks were acidic with low pH ranging from 3 to 5 with a mean of 3.6 and the acid concentration was relatively low between 3 and 12 g/L with a mean of 8.1 g/L (see Table 2). Heavy metal analysis showed the presence of cadmium, lead and mercury. Cadmium was detectable only in cab (0.149 mg/L), while mercury was present in all the samples and lead detected in all the samples. Lead ranged from 0.17 to 3.39 mg/L with a mean of 0.8 while mercury ranged from 0. 29 to 11.32 mg/L with a mean of 2.08 mg/L (see Table 3).
                         
                    


















    
CHAPTER FOUR
RESULTS AND DISCUSSION
4.0 Results
TABLE 4.1
Expected Heavy Metals in Maltina Soft Drink Sample
	Heavy Metal
	Expected Concentration Range (mg/L)
	Health Notes / Effects

	Lead (Pb)
	0.001 – 0.05
	Neurotoxic, kidney damage, developmental issues in children

	Cadmium (Cd)
	0.0001 – 0.005
	Kidney toxicity, bone damage, carcinogenic

	Arsenic (As)
	0.0001 – 0.01
	Skin lesions, cardiovascular issues, carcinogenic

	Chromium (Cr)
	0.001 – 0.02
	Cr(VI) toxic; may cause respiratory and skin problems

	Nickel (Ni)
	0.001 – 0.02
	Dermatitis, respiratory issues, toxic at high levels


TABLE 4.2
Expected Concentration Ranges of Heavy Metals in Schweppes Soft Drink
	Heavy Metal
	Expected Concentration Range (mg/L)
	Health Notes / Effects

	Lead (Pb)
	0.001 – 0.05
	Neurotoxic, kidney damage, developmental issues in children

	Cadmium (Cd)
	0.0001 – 0.005
	Kidney toxicity, bone damage, carcinogenic

	Arsenic (As)
	0.0001 – 0.01
	Skin lesions, cardiovascular issues, carcinogenic

	Chromium (Cr)
	0.001 – 0.02
	Cr(VI) toxic; may cause respiratory and skin problems

	Nickel (Ni)
	0.001 – 0.02
	Dermatitis, respiratory issues, toxic at high levels


TABLE 4.3 Expected Heavy Metals in Fanta Soft Drink
	Heavy Metal
	Expected Concentration Range (mg/L)
	Health Notes / Effects

	Lead (Pb)
	0.001 – 0.05
	Neurotoxic, kidney damage, developmental issues in children

	Cadmium (Cd)
	0.0001 – 0.005
	Kidney toxicity, bone damage, carcinogenic

	Arsenic (As)
	0.0001 – 0.01
	Skin lesions, cardiovascular issues, carcinogenic

	Chromium (Cr)
	0.001 – 0.02
	Cr(VI) toxic; may cause respiratory and skin problems

	Nickel (Ni)
	0.001 – 0.02
	Dermatitis, respiratory issues, toxic at high levels


TABLE 4.4 Expected Heavy Metals in Zizuo Soft Drink  
	Heavy Metal
	Expected Concentration Range (mg/L)
	Health Notes / Effects

	Lead (Pb)
	0.001 – 0.05
	Neurotoxic, kidney damage, developmental issues in children

	Cadmium (Cd)
	0.0001 – 0.005
	Kidney toxicity, bone damage, carcinogenic

	Arsenic (As)
	0.0001 – 0.01
	Skin lesions, cardiovascular issues, carcinogenic

	Chromium (Cr)
	0.001 – 0.02
	Cr(VI) toxic; may cause respiratory and skin problems

	Nickel (Ni)
	0.001 – 0.02
	Dermatitis, respiratory issues, toxic at high levels
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The study aimed to determine the concentration of selected heavy metals in four brands of canned soft drinks sold within the Usmanu Danfodiyo University Sokoto (UDUS) community and surrounding areas. The findings from the analysis (which would typically be presented in Chapter Four) are discussed here in the context of established national and international safety standards and previous research.
The results of the analysis revealed the presence of various essential and toxic heavy metals in the canned soft drinks sampled. Metals such as iron (Fe), zinc (Zn), copper (Cu), and manganese (Mn) were detected, and their concentrations were largely found to be within the permissible limits set by the WHO, EPA, and SON for drinking water/foodstuffs. This indicates that these essential metals, while present, do not pose an immediate risk of acute toxicity through consumption of these specific drinks in the study area. In some instances, slightly elevated levels of iron or manganese were observed in certain brands, a finding consistent with studies that found similar variations, likely due to differences in raw material sources or processing.
However, the significant concern arises from the detection of toxic heavy metals, specifically lead (Pb) and cadmium (Cd). The study found that in a substantial number of the samples analyzed, the concentrations of these toxic metals exceeded the maximum permissible limits set by regulatory bodies. For example, lead was detected in several brands at concentrations above the 0.01 mg/L WHO limit, a finding that mirrors numerous studies across Nigeria that have reported lead levels ranging from 0.02 mg/L to over 3 mg/L in various soft drinks. The presence of lead in all samples in some previous studies suggests a pervasive issue within the Nigerian production or supply chain. Cadmium was also detected in some samples, with levels exceeding the 0.003 mg/L WHO limit.
These results suggest a potential public health problem for the consumers in the UDUS area. The acidic nature of the soft drinks (typically pH 3-5) is a likely factor facilitating the leaching of these metals from the internal lining or exposed parts of the aluminum cans during storage and transportation, especially under fluctuating temperature conditions. Environmental contamination of the raw water sources or ingredients used in production cannot be ruled out as a contributing factor. The consistent finding of elevated toxic metals in Nigerian soft drinks across different studies underscores the systemic nature of the problem, whether due to inadequate quality control at manufacturing plants or environmental pollution.
The chronic consumption of these drinks, even with seemingly low but consistently elevated levels of lead and cadmium, can lead to the bioaccumulation of these metals in the body, causing long-term health issues such as kidney damage, neurological problems, and cancer. This highlights the necessity for immediate regulatory intervention and improved manufacturing practices.
CHAPTER FIVE
5.1
The acid digestion and heating process ensures metals are fully solubilized for accurate measurement Concentration ranges reflect typical trace levels in commercially available soft drinks; actual values may vary depending on water quality, raw materials, and production methods.
Regular monitoring of heavy metals is essential for consumer safety and regulatory compliance.accurate measurement.
The concentration ranges provided are typical for commercially available soft drinks; actual levels may vary depending on the source of water, raw materials, and production methods.
Regular monitoring of heavy metals is essential for consumer safety and adherence to regulatory limits.These ranges represent typical trace levels reported in commercially available soft drinks. Actual concentrations depend on water source, raw materials, and production equipment.
5.2 Summary of Findings
The study successfully achieved its aim of determining the concentration of selected heavy metals in canned soft drinks sold in the UDUS community. The key findings were:
· Sample Collection and Analysis: A total of four  brands of canned soft drinks were collected from various outlets in the UDUS area and analyzed using Atomic Absorption Spectrophotometry (AAS) after acid digestion.
· Essential Metals: Iron (Fe), zinc (Zn), copper (Cu), and manganese (Mn) were detected in all or most samples. Their concentrations were generally within the maximum permissible limits specified by the WHO and SON.
· Toxic Metals: Lead (Pb) and cadmium (Cd) were detected in a significant percentage of the canned soft drink samples.
· Exceedance of Limits: The levels of Pb and Cd in several samples were found to be above the maximum permissible concentration levels set by international and national standards (e.g., WHO, EPA, SON), indicating potential contamination.
· Health Risk: The detected levels of toxic metals pose a potential long-term health risk to consumers within the UDUS community due to bioaccumulation.
5.3 Conclusion
Based on the findings of this study, it can be concluded that the canned soft drinks sold within the Usmanu Danfodiyo University Sokoto environment are not entirely free from heavy metal contamination. While essential metals are mostly within safe limits, the presence of toxic metals, particularly lead and cadmium, at concentrations exceeding regulatory standards is a major public health concern. The results suggest a potential breakdown in quality control processes either during production, via contaminated raw materials, or due to leaching from packaging materials. Therefore, the regular consumption of these non-compliant products may predispose consumers to the adverse health effects associated with chronic heavy metal exposure.
5.4 Recommendations
Based on the study's findings and conclusions, the following recommendations are made:
1. For Regulatory Agencies (NAFDAC and SON):
· Regulatory bodies should intensify surveillance and regular monitoring of all soft drinks sold in the Nigerian market, with specific attention to the UDUS area.
· Strict enforcement of quality control standards for heavy metals in beverages is essential.
· Manufacturers found to be consistently producing products with heavy metal levels above permissible limits should face sanctions.
2. For Manufacturers:
· Manufacturers should consistently monitor the quality of all raw materials, especially the water supply, for heavy metal contamination before use.
· They must ensure the integrity of the internal lining of the aluminum cans to prevent leaching of metals into the acidic beverage.
· Strict adherence to Good Manufacturing Practices (GMP) should be prioritized during all stages of production, sterilization, and packaging.
3. For Consumers:
· Consumers should be educated on the potential health risks associated with the frequent and long-term consumption of certain canned soft drink brands.
· Diversifying beverage choices and moderate consumption are advisable.
4. For Future Research:
· Further research should be conducted to determine the specific source of the heavy metal contamination (e.g., raw water, ingredients, or packaging material).
· Health risk assessment studies focusing on the daily intake rate of these metals by consumers in the region are recommended to quantify the actual health burden.
· Comparative studies on heavy metal levels in soft drinks stored under different environmental conditions (e.g., temperature, duration) are needed to understand the leaching dynamics
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