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Abstract
This study aims to analyze the heavy metal content in different parts of pumpkin (pulp, flesh, and seeds) and assess the associated health risks for consumers. Growing worries about food safety and the possible health effects of heavy metal contamination in agricultural goods are the driving forces behind this study. Thus, by using microwave plasma atomic emission spectrometry, the primary heavy metals (Cr, Mn, Fe, Ni, Cu, Zn, and Cd) in pumpkin samples were measured. Risk ratios (HRs) and total cancer risk (TCR) related to eating various pumpkin sections were used to evaluate non-carcinogenic dangers. The suggested daily intakes were computed and contrasted with predetermined safety limits.   Microwave plasma atomic emission spectrometry was used to test metal concentrations, guaranteeing great accuracy and dependability. The study's findings demonstrate that the pumpkin's metal distribution is uneven.   The pumpkin's flesh and seeds are incredibly high in iron and zinc, which can aid the local population with mineral shortages like anemia. However, the edible pulp's lead and chromium concentrations-4,679 mg/L and 4,437 mg/L, respectively far beyond the WHO's global safety standards. The objective risk ratio for lead is greater than 1.0, and the cumulative risk index for all metals combined also exceeds the safety threshold. This indicates that long-term daily consumption of these pumpkins poses a significant risk of chronic health problems, particularly neurological and kidney damage due to lead exposure. The strong correlation between toxic metals such as Pb, Ni, and Cd in the pulp suggests that the exterior of Sanbitu Kebele pumpkin is the most affected by environmental contamination, even though the pulp only contains iron and chromium. The presence of Pb (Lead) and Cr (Chromium) in the pumpkin—specifically at the alarming levels shows that the crop has reached a state of extreme toxicity that far exceeds international safety limits. Thus, removing the pulp before consumption is strongly recommended to reduce lead and nickel intake. Environmental monitoring of soil and water in the area is necessary to identify the source of contamination and ensure food security. 
Key Words: pumpkin, heavy metals, health risk,   peel, flesh, seed microwave plasma-atomic emission spectrometry

Chapter One
1. Introduction
                    1.1. Background of the study

The pumpkin is a temperate and subtropical plant that grows best in regions with annual temperatures between 20 and 30°C, though it can tolerate temperatures between 10 and 40°C (Dhiman et al., 2009). It prefers an annual rainfall of 600 to 1,600 mm, but it can tolerate 300 to 2,800 mm (Bedada, and Gure, 2025). 
Pumpkin seedlings are easily obtained from seed or vine if supported, and its stem can reach a length of 10 meters. It can be planted alone or in combination with other field crops like maize. It is extensively grown as a vegetable farm crop and in gardens (Oyeleke et al., 2019). Cucurbita maxima, Cucurbita pepo, and Cucurbita moschata are the best species of pumpkin (Cucurbita). These three species are grown all throughout the world, have higher yields than other vegetables, and are prized for being simple to produce. The colour of the flesh varies from scarlet to pale yellow. C. maxima are the huge kind of pumpkin, whereas C. pepo is the tiny variety. The culinary arts make extensive use of pumpkins (Beetseh and Onum, 2013).
The pumpkin plant has a variety of edible parts, including the flowers, leaves, shoots, roots, peel, seeds, and both immature and mature fruits. Pumpkin is consumed fresh and preserved in a variety of recipes, such as drinks, smoothies, and soups. Additionally, pumpkin flowers are used to bread, cakes, cookies, chocolates, and sweets (Kim et al., 2012). Pumpkin has been grown for many years in most of Ethiopia, and its mature fruit is used in a variety of recipes (Zinash, 2013). However, there are unsatisfactory trends in the production, use, and export of pumpkins. In January 2020, 1,880 tonnes were exported to Djibouti, according to Ethiopian export data. 
The Cucurbitaceae family includes pumpkin. There are about 800 species and 130 types in this vast family. Cucurbita is divided into five major groups: C. ficifolia, C. turbaniformis, C. pepo (summer pumpkin), C. moschata (winter pumpkin), and C. maxima (big orange pumpkin). Cucurbita maxima, Cucurbita pepo, and Cucurbita moschata are the greatest varieties of pumpkin. Compared to other vegetables, these three species have exceptional yields and are grown all over the world. Pumpkin fruits vary greatly in size and shape, and their average weight ranges from 8 to 10 kg, with reports of weights as high as 20 kg (Bedada, and Gure, 2025). 
Zinc is essential for animal reproduction and cell protection (Kim et al., 2012). Recently, there has been limited information regarding the major and heavy metal content of different parts of pumpkin grown in Ethiopia (Belete et al., 2018). Major metals are very important for the proper functioning of biological systems. However, high levels of trace metals cause numerous problems in plants, animals, and humans. 
Ingestion of major metals in humans is associated with blood acidity, cancer, childhood problems, stunted growth, and eventual death (Ali et al., 2021). Other heavy metals such as copper (Cu) and zinc (Zn) are considered non-carcinogenic, but they can be highly toxic to human health, contributing to nutritional deficiencies, foodborne illnesses, and immune system dysfunction (Sultana et al., 2017). 
Among the health risk assessment indices used to evaluate the cancer risk from heavy metals consuming contaminated vegetables, the risk quotient (HQ) and hazard index (HI), which analyze the cancer potential resulting from lifetime exposure to heavy metals and the risks associated with consuming pumpkin peel, flesh, and seeds, have been widely used in the literature (Sultana et al., 2017). The purpose of this study is to evaluate non-cancer risk by examining the amounts of potentially harmful substances, potential risks (HQ), and hazard index (HI). Additionally, a daily pumpkin consumption per person was computed and contrasted with suggested dietary intakes
                        1.2. Statement of the problems

Finding heavy metals in pumpkin samples can be difficult and problematic in a number of ways. Sampling and preparation (variability in metal concentrations): Depending on variables including soil quality, location, and growing techniques, the metal content of pumpkin samples might differ significantly. For proper analysis, a drying and digestion procedure must be examined (Beetseh and Onum, 2013).
Analytical methods like flame atomic absorption spectrometry (FAAS) and microwave plasma-atomic emission spectrometry (MP-AES) need to be calibrated precisely and may be sensitive to different metals. Limits of detection: It is crucial to confirm that the equipment' detection limits appropriately represent the anticipated concentration in the samples. Health risk evaluation (toxicity levels): According to certain research, pumpkin may have a health risk due to a tolerable level of hazardous heavy metals (Inorganic Venture, 2023). 

Evaluating the carcinogenic and non-carcinogenic consequences of eating pumpkin tainted with heavy metals is the focus of risk assessment. is intricate and necessitates a thorough comprehension of the facts. Environmental considerations (soil contamination): Heavy metals can build up in pumpkins cultivated in contaminated soil, making them unsafe to eat. 
According to El-Saeid  & et al (2011) the use of fertilizers or pesticides can influence the amount of metal released into the water by each plant. Data interpretation and comparison (comparability across studies: different studies may use varying methods or report results in different units, making comparison challenging). Standards and guidelines: ensuring that the results are evaluated against established safety standards for human consumption is critical. 
Due to the lack of knowledge regarding the heavy metal content of various pumpkin parts grown in Ethiopia, it was necessary to identify specific heavy metal minerals in the young pumpkin leaves and fruits. Although high amounts of trace metals can lead to a number of issues for humans, animals, and plants, heavy metals are crucial for the healthy operation of biological systems. Human exposure to heavy metals is linked to blood acidity, cancer, kidney issues, growth retardation, and eventually mortality. Specifically, the carcinogenic effects of lead (Pb) and cadmium (Cd) can also result in heart disease or neurological issues (Baghaie, & Fereydoni, 2019). 
Pumpkin is a vital food and medicinal resource in the Sanbitu kebele. However, possible heavy metal contamination from uncontrolled pesticide usage and environmental runoff is rapidly jeopardising its safety. Although pumpkins are prized for their vital mineral richness, their leaves and fruit are known to bioaccumulate harmful metals like cadmium, lead, and chromium. The primary issue is the eating of these crops without any local safety monitoring, which puts the community at serious danger for long-term carcinogenic effects, kidney malfunction, and neurological diseases.
A significant research gap is the absence of site-specific data for Sanbitu, as current Ethiopian studies continue to concentrate on bigger regions like Woliso or Arbaminch. The distribution of heavy metals in various squash parts, especially the immature leaves and fruits, within the peculiar soil of Sabtu has not yet been thoroughly examined. Moreover, no localised health risk assessment has been performed to ascertain the cancer risk (CR) or risk index (RI) for this particular group. The formulation of evidence-based dietary recommendations for the community is hampered by the lack of high-precision analytical data, which leaves a substantial knowledge vacuum about the relationship between crop safety and local soil chemistry (Gebeyehu & Solmon, 2022) 
Similarly, Gebre and et al (2020) evaluated the risks using the possible risk of heavy metals. Heavy metal-related non-cancer and cancer by eating contaminated veggies; the hazard index (HI) and hazard quotient (HQ), which assess the possible carcinogen from lifetime exposure. Thus, this research could be aimed to answer the following research questions.
                           1.3. Research Question

· By what instrument the concentration of heavy metals in pumpkin is determined? 

· What is the concentration of heavy metals in different parts of pumpkin (seed, peel and flesh)?

· What health hazards come with eating pumpkin that has been tainted with heavy metals?

· How do the levels of heavy metals in pumpkin compared with established safety standards 
( WHO/FAO guide lines)?    

                          1.4. Objectives

                          1.4.1. General Objective

This study's overall objective was to use Inductive Coupled plasma-Optical emission spectrometry to compare the concentration of these metals among different part of pumpkin such as seed, peel, and flesh samples from Sanbitu Kebele of Sinana Woreda. 

                            1.4.2. Specific Objectives

                   The following are the study's particular objectives 

· To determine the concentration of heavy metals in the flesh, peel, and seed of pumpkin, including Fe, Mn, Cu, Zn, Cd, Pb, and Cr.

·  To quantify the concentration of heavy metals in different parts of pumpkin (seed, peel and flesh).

· To assess health risks related with consuming pumpkin contaminated with heavy metals.

· Ensure that pumpkins are safe for consumption by checking if they contain heavy metals with permissible limit set by the regulatory bodies.

                                 1.5. Significance of the study

This study is important for public health since it addresses the safety of several commonly ingested pumpkin segments. It seeks to educate consumers and legislators on the safeguards and regulatory actions required to guarantee food safety by determining contamination levels and evaluating health hazards. Producers can adhere to food safety norms and regulations by figuring out the acceptable quantities of heavy metals in various pumpkin segments.
By assisting in the understanding of the connections between dietary exposure to heavy metals and its impacts on population health, it contributes to larger public health studies. By increasing public awareness of food safety issues, knowledge of heavy metal contamination can empower consumers to make informed decisions about their food sources.

Determining the heavy metal level of various pumpkin components is generally crucial for promoting sustainable farming methods, evaluating environmental damage, and guaranteeing food safety. The findings of this study contribute to a better understanding of the nutritional and therapeutic benefits of pumpkin in Ethiopia because there is a dearth of information on pumpkin and studies on metal content and health risk assessments related to various parts of the pumpkin safety concerns.
                          1.6. The scope of study

The scope of this research is defined by the bioaccumulation of heavy metals within the pumpkin plant and the subsequent implications for public health. The boundaries of the study are categorized as follows:
The study is primarily focused on the Sanbitu Kebele region. While the researcher initially identified four potential sites for assessment, the core environmental data and samples are centered on this specific locality to investigate the impact of its unique soil and water conditions on local agriculture.
The research is restricted to the pumpkin (Cucurbita), selected for its role as a local dietary staple and its known capacity for mineral accumulation. Similarly, the study examines the distribution of heavy metals across three distinct parts of the fruit: the flesh (pulp), the peel (exterior), and the seeds. The research focuses on identifying the concentrations of both essential minerals (Iron and Zinc) and toxic heavy metals (Lead, Chromium, Nickel, and Cadmium).

The content extends to a toxicological evaluation, specifically calculating the Estimated Daily Intake (EDI), the Target Hazard Quotient (THQ), and the Cumulative Risk Index to determine the potential for neurological and renal damage in the local population. The laboratory analysis was conducted at the Hoticoop Research Center in Bishoftu, utilizing specialized reagents and equipment to quantify bioactive accumulation and ensure the findings are compared against WHO global safety standards.
                        1.7. Limitations of study

While this research provides critical insights into the heavy metal contamination of pumpkins in Sanbitu Kebele, several constraints were encountered during the study that may affect the breadth and generalizability of the findings:  The primary limitation was the restricted sample size due to high laboratory analysis costs. Although four study sites were originally identified, the researcher was only able to secure three samples from a single primary site, with only one sample processed for the remaining locations. This limited sample density may not fully capture the spatial variability of soil contamination across the entire region.  
The study faced significant institutional shifts regarding laboratory testing. The initial plan to utilize the Yetebaberut Food Complex in Bale Robe was found to be unfeasible due to a lack of specialized reagents and equipment. Consequently, the analysis was moved to the Hoticoop Research Center in Bishoftu. This change in venue required a mid-study adjustment of the research methodology to align with the facility's available resources. Due to the change in laboratory facilities, the analytical instruments originally proposed for the research had to be replaced with alternative equipment available at the Hoticoop Research Center. While the results remain scientifically valid, the shift from the proposed instrumentation to the actual equipment used was a necessary adaptation for the feasibility of the project.  Because the study focused heavily on a specific locality (Sanbitu Kebele), the findings regarding lead and chromium concentrations may reflect localized environmental pollution rather than broader regional trends. 
Chapter Two
2. Literature Review
                                2.1. Minerals

One of the primary pollutants in leafy greens is heavy metals (Mapanda, Mangwayana, Nyamangara, and Giller, 2005). High quantities of certain heavy metals, such as iron (Fe), manganese (Mn), nickel (Ni), copper (Cu), and chromium (Cr), can have a number of detrimental effects on health even though they are necessary for many biological processes in the human body. Heavy metals can, in fact, bioaccumulate in living things and become hazardous at large amounts (EFSA, 2009). 
For example, when lead concentrations exceed the safety threshold, they cause liver and kidney damage, hemolytic anemia, and methemoglobinemia. The acceptable limit for lead in human consumption is 6 ppm for solid foods and 1 ppm for liquid foods (FSAI, 2009; EC, 2004).

Cadmium has toxic effects on human health when present in high concentrations and causes serious illnesses such as tubulogenesis, hypersalivation, gastrointestinal irritation, cancer, kidney damage, diarrhea, and vomiting (EFSA, 2009; EC, 2008). Globally, leafy vegetables are becoming more and more contaminated with heavy metals, especially when they are cultivated in cities (Wilson, 2011). This is because of growing urbanisation and the fact that these vegetables are grown in soils that are extensively contaminated by household and industrial waste (Muchuweti et al., 2005). 
As a result, vegetables produced in cities have been discovered to contain heavy metals as cadmium, chromium, lead, arsenic, copper, and zinc, frequently at quantities higher than allowed limits (FSANZ, 2011). Protecting the environment and lowering the dangers of trace metals entering the food chain require an understanding of how metals and plants interact. According to Yebpella et al. (2011), this metal has the ability to deactivate numerous crucial enzymes, which can limit respiration, photosynthesis, and other plant metabolic activities.

Microbial contamination of fresh vegetables on the farm and/or during handling is a common problem worldwide, and the consumption of these vegetables is recognized as one of the leading causes of food poisoning globally (CDC, 2006; Anon., 2005). According to the conclusions of the Codex Committee on Food Hygiene expert meeting, organized by the FAO and WHO, on the microbiological risks associated with fresh produce, leafy vegetables were recommended as a priority for global food safety (CAC, 2003).

As a result, it is now commonly acknowledged that eating fruits and leafy vegetables increases the chance of contracting an intestinal illness. Vegetables cultivated in soils or irrigated with water tainted by household and industrial effluent have been found to harbour a variety of enteric pathogens. Salad greens, such as carrots, radishes, tomatoes, lettuce, cabbage, pumpkin, and cilantro, have all been contaminated with Escherichia coli, Enterobacter spp., Klebsiella spp., Salmonella typhi, Serratia spp., Providencia spp., Staphylococcus aureus, and Pseudomonas aeruginosa, as well as other potentially pathogenic microorganisms (Francis, Thomas, and O’Beirne, 1999).

Recent examples of outbreaks linked to fresh vegetables include cases of E. coli O157:H7, Salmonella Typhimurium, and hepatitis A in spinach, lettuce, tomatoes, and carrots (CDC, 2006). Fresh vegetable consumption has increased primarily due to greater awareness of the benefits of a healthy diet (Anon., 2005). Consumer demand for safer and better-quality veggies has surged as a result, especially for minimally processed, ready-to-eat fruits and vegetables (Everis, 2004). Vegetables are frequently processed by cooking. Depending on the needs of the product, the temperature is always 100°C for a predetermined amount of time between one and ten minutes.

According to Nguyen-the and Carlin (1994), cooking has a number of benefits, including removing contaminants, enhancing the product's colour, deactivating enzymes that can deteriorate vegetables, and improving their texture. In the industry, heat treatments like blanching enhance the microbiological quality of vegetables and make canning easier. Like other developing-nation towns, Abakaliki is growing significantly without proper infrastructure, safety, and environmental planning, which forces locals to dump their trash.

Additionally, pumpkin is a good source of trace metals including iron (Fe) and zinc (Zn). Antioxidants include minerals such as zinc, copper (Cu), manganese (Mn), and iron. The high potassium (K) and low sodium (Na) content of pumpkin have significant clinical implications for enhancing cardiovascular health. Male reproduction and cell defence depend on zinc (Dotto and Chacha, 2020). 

The findings of this study will advance knowledge of the nutritional and therapeutic advantages of pumpkin in Ethiopia, given the paucity of research on the vegetable and the lack of studies on its metal content and health risk assessments related to eating various pumpkin parts. 

Small levels of microelements, also known as trace elements, are either needed in the diet or found in the body. Iron, copper, cobalt, iodine, zinc, manganese, molybdenum, fluoride, chromium, and selenium are among them. Less than 100 milligrammes of these microelements are needed daily (Soetan et al., 2010). In addition to being a necessary component of numerous proteins and metabolic enzymes, iron is utilised by red blood cells to provide oxygen to tissues. Collagen formation, energy production, and healthy body function all depend on it. 

Children and premenopausal women are frequently iron deficient. Because too much iron is stored in tissues and affects the immune system, cell growth, and cardiovascular health, it is vital to avoid consuming too much of it. antacids, calcium, magnesium, manganese, zinc and antacids, and tetracycline (a common antibiotic). Anaemia, which is defined by low haemoglobin levels, smaller red blood cells, and lower iron levels in the blood, is caused by iron insufficiency (Gebeyehu & Solmon, 2022). 
Despite this, Gebre and et al (2020) mentioned that Hemochromatosis is a hereditary condition that usually causes iron poisoning. Iron is over absorbed and accumulates as a result of this illness, which can harm the heart and liver. Enzymes involved in the synthesis of animal tissue, iron metabolism, and energy production may require copper as a cofactor. The production of haemoglobin requires copper in addition to iron. It interacts with many different enzymes, including those that are involved in the creation of hormones and the metabolism of proteins. Growth retardation and a drop in white blood cell counts are caused by a copper deficit. Vomiting and problems with the nervous system can result from too much copper. 
The body uses cobalt as a component of vitamin B12, which has 4% cobalt in its chemical makeup. Therefore, a shortage in cobalt is roughly equivalent to a deficiency in vitamin B12. A cobalt deficit can cause weakness, anemias, appetite loss, weight loss, and decreased productivity. 

An increased risk of death is linked to cardiomyopathy, which can result from an excess of cobalt. The body needs iodine as a mineral. It is essential for healthy thyroid function and is a part of several hormones. The body uses zinc for a variety of purposes. Growth and development, the immune system, brain functioning, and reproduction all depend on it, and it is involved in many cellular metabolic activities (Mintesnot, 2016). 
More than 100 specific enzymes depend on zinc for their catalytic function; if zinc is removed from the catalytic site, the activity is lost. Manganese is an essential element for both plants and animals; it is required for normal bone metabolism and important enzymatic reactions; it also contributes to the proper functioning of the nerves, brain, and thyroid. Manganese deficiency is rare because it is frequently lost during food processing; it affects brain health, glucose tolerance, normal reproduction, and the development of bones and cartilage. The best dietary sources of manganese are grains and grain products (Negash, 2026). 
Toxicity from manganese is uncommon. High manganese exposure can lead to increased slowness and awkwardness of movement, as well as mental and emotional problems. There are two primary types of chromium: hexavalent and trivalent. While trivalent chromium is acknowledged as a non-oxidizing agent, hexavalent chromium is known to be an industrial poison associated with lung cancer (Mintesnot, 2016).
                                    2.2. Pumpkin

                                  2.2.1. Pumpkin parts 

The stem, leaves, shell, peel, ribs, bud, cavity, ring, seeds, peel, and fruit are all features of the pumpkin plant that, when ripe, produce a flawless fruit. The top of the pumpkin has a slightly curved stem that ranges in colour from brown to brownish-green. It gives the fruit the nutrients it needs to flourish and is affixed to the vine. As the plant grows, its green, hair-like tendrils encircle objects on the ground to shield it from inclement weather like wind. The sun's energy is absorbed by the leaves, enabling the growth of the plant and fruit. Both the peel and the fruit's peel are referred to as the shell (Negash, 2026). 
The pumpkin's outer layer is called the peel. It acts as a barrier to keep viruses and insects out of the fruit. The fruit's flesh, or peel, is utilised in cooking. The veins that give the pumpkin its external shape are called ribs, and they are made up of serrated edges that run from top to bottom. There is a bud at the apex of the fruit when it is young. The fruit's base is formed by this portion, known as the floral tip. This portion of the fruit is made up of fibrous filaments, sometimes referred to as the "brain," and contains the seeds. The fruit cavity is all that's left after the filaments and seeds are extracted (Oliveira 2003).  
The filaments are connected to the seeds, which are found in the center of the pumpkin. They can be used for the following harvest or separated, dried, and consumed. The outer coating that shields the fruit that will develop into a new pumpkin plant is called the seed coat. Another name for it is the "seed capsule." This capsule contains the fruit. Moisture and warmth cause a seed to germinate and develop into a new plant when it is sown (Agriculture and Forestry, 2009).
                                  2.2.2. Pumpkin's Physical Features 

Pumpkins vary greatly in size and shape, and their average weight is between 8 and 10 kg. Depending on the variety, fruits as heavy as 20 kg have occasionally been reported. Citrus pepo is the species of tiny gourds, whereas Citrus maxima is the species of huge pumpkin. The colour of the peel ranges from orange to green. The colour of the flesh ranges from light yellow to purple. Pumpkin seeds are edible, flat, asymmetrically oval, light green or brown, and typically have a white peel covering them (Taiwo, 2019). 
                            2.2.3. Pumpkin Chemical Composition

The chemical composition of pumpkin differs reliant on the cultivar and species. The percentage arrangement of the peel differs between 75.8 and 91.3% wetness, 0.20 and 2.70% crude protein, 0.47 and 2.10% crude ash, and 3.1 and 13% carbohydrates. Pumpkin is rich in nutrients, including polysaccharides, proteins, essential amino acids, antioxidants, carotenoids, and minerals. Pumpkin seeds  become  rich in oil, and the inconsistency in the oil content is due to their high genetic diversity (Dar et al., 2017).
                          2.2.4. Nutritional Value of Pumpkin 

Fruits and vegetables are an abundant and affordable source of fiber, vitamins, and minerals; their nutritional value is optimal when consumed fresh, with the exception of fermented foods, where fermentation can increase the vitamin B content. The WHO/FAO recommends a minimum of 400 g of fruits and vegetables per day, excluding potatoes and other starchy tubers, for the prevention of many diseases.
Bedada, and Gure (2025) Vitamins A and C, iron, calcium, potassium and protein can all be found in plenty in fruits and vegetables. The most commercially significant vegetable and one that is frequently utilized in cookery is the pumpkin. The plant's flowers, leaves, fruits, and seeds are among its edible portions. 

Pumpkin can be consumed raw or used to make preserves such juices, smoothies, and soups. Additionally, bread, cakes, cookies, chocolates, and sweets are made from its flesh (Kim et al., 2012). It is used to make halwa, a dessert in the Middle East. It is used to make kaddu ka halwa, a different dessert used during fasting in South Asia. Additionally, pumpkin can provide flavour to both alcoholic and non-alcoholic drinks (Dhiman et al., 2009).

It can be turned into flour or dried flesh, both of which have a long shelf life. The flour's strong yellow-orange color, flavor, sweetness, and high fiber content make it highly valued. Additionally, it can be used as a natural food coloring and to enhance cereal flours in baked items, soups, sauces, and instant noodles. The ripe fruit of the plant is used in Ethiopia to make a spicy family stew called wat, which is served with injera, a thin, spongy bread produced from teff (Meseret, 2018).

                          2.2.5. Pumpkin's Medicinal Value

Bioactive substances such as vitamins C, A, and E, minerals, pectin, and carotenoids are abundant in pumpkin fruits. They are especially high in beta-carotene, which offers a potent defense against the deteriorating effects of ageing and guards against several types of cancer. Pumpkin is high in vitamins, low in fat and sodium, and free of cholesterol. Carotenoids in the human body have the same chemical reactivity as those found in plants; they neutralize reactive oxygen species and free radicals (Han et al., 2012). 
By functioning as biological antioxidants and shielding cells and tissues from the damaging effects of free radicals and singlet oxygen, carotenoids may have a significant impact on human health. Free radicals are produced by UV radiation, tobacco smoking, and air pollution in addition to being a natural consequence of energy metabolism. They are unstable and steal electrons from other molecules since they don't have enough of them. They harm these molecules in the process (Lakshminarayana et al., 2008). 

Pumpkin seeds are low in cholesterol and have antidepressant qualities because they contain tryptophan, which elevates mood. They are even thought to be a treatment for depression.

 A full glass of milk's worth of tryptophan can be found in one gramme of pumpkin seed protein. According to Dhiman et al. (2009), these seeds also contain vital omega-3 and omega-6 fatty acids, which have numerous positive effects on the body. 

Their oil is used to treat spasmodic UTIs and burning when urinating, and it may also be able to treat gonorrhoea. Pumpkin seeds, which are high in phosphorus, may lower the incidence of kidney stones. Cucurbitacin, found in pumpkin seeds, is a traditional treatment for tapeworms and aids in the removal of intestinal parasites. Pregnant ladies and toddlers can safely use them. Their anti-inflammatory qualities aid in the management of arthritis. People with HIV/AIDS benefit from pumpkin seed oil (Younis et al., 2000). 

Diabetes, obesity, atherosclerosis, heart disease, and colon cancer can all be prevented and treated with fibre. Because its flesh and seeds are low in fat and calories and high in protein, minerals, and antioxidant vitamins (carotenoids and tocopherols), pumpkin has long been utilised in traditional medicine in many nations, including China, Argentina, India, Mexico, Brazil, and Korea (Stevenson, 2007). 

Beta-carotene contains anti-inflammatory qualities and lessens UV damage to the peel. Traditionally, oedema throughout pregnancy and after childbirth has been treated with pumpkin. Pumpkins are employed in the pharmaceutical sector in China, the former Yugoslavia, Argentina, India, Mexico, Brazil, and the United States (Saha et al., 2011).

                          2.2.6. Pumpkin's Cosmeceutical Value

A vital component of beauty products is pumpkin. Lip balms, shower gels, hair masks, and body and face scrubs all include it. Alpha-hydroxy acids, which are fruit acids that exfoliate dead peel cells, promote cell renewal, and maintain the peel's brightness and suppleness, are found in pumpkin and are comparable to glycollic and lactic acids. Pumpkin is high in beta-carotene, which helps repair UV damage and enhance peel texture, and vitamin C, a potent antioxidant. It shields the peel from free radicals, which can cause peel cancer and wrinkles. Vitamins A, C, and E, as well as important fatty acids that moisturize and prevent skin ageing, are abundant in pumpkin (Oliveira 2003).  
Because of its vitamin C concentration, it may also be applied topically or used as a brightening treatment, which is beneficial in the winter months when there is less sun exposure and the skin may seem dull. Five to fifteen percent pumpkin seed oil has been used in the formulation of a reliable makeup remover. 67.7% of the foundation, liquid eyeliner, and felt-tip eyeliner were eliminated by the makeup remover that contained 5% pumpkin seed oil. The makeup remover containing 10% pumpkin seed oil produced results of 66.9%, whereas the makeup remover including 15% pumpkin seed oil produced results of 69.8% (Inorganic Venture. 2023). 
                            2.3. Decomposition of the Sample

The majority of quantitative analytical tools on the market are made to analyse liquid samples. Solid samples must therefore be dissolved in the appropriate solvents. The primary goals of sample decomposition are to remove interfering chemicals from the matrix and retrieve the element in a homogeneous and easily accessible matrix. Dry and wet decomposition are two fundamental methods for sample preparation that are used to analyse organic components (Taiwo, 2019). 
                              2.3.1 Wet Decomposition

Before assessing the metal content of organic samples or extracting metals from inorganic matrices, oxidizing agents break them down. Heating and a concentrated acid are used to carry out decomposition.
Important factors to take into account are the acid's strength, oxidising power, boiling point, solubility of the salts generated, handling safety, and purity. For organic samples, metal alloys, common minerals, soils, rocks, clays, and silicates, nitric acid, vitriol, orthophosphoric acid, hydrogen peroxide, and combinations of these are employed (Braz, 2003). 

Thermal, ultrasonic, or radiative energy (ultraviolet, microwave, and infrared) can be used for wet decomposition processes. A Bunsen burner, hot plate, digestion block, oven, or muffle are frequently used in the open-container wet decomposition process that uses thermal energy. 

The main drawbacks of this approach include the length of the experiment (several hours), the use of significant amounts of reagents, environmental contamination, the necessity of pre-concentrating reagent impurities, and the demand for continuous monitoring (Bedada, and Gure, 2025). 
Ultrasonic energy is produced via wet decomposition. Acoustic cavitation, or the creation and disintegration of bubbles, is essential to extraction. Extremely high temperature (5,000 K) and pressure (10 GPa) gradients are produced by the implosion of bubbles caused by the sonication of liquids. To lower blank values and minimize reagent and time consumption, a diluted acidic medium is typically utilized.

UV radiation is another name for radiant energy, which is what wet dissolution is. Organic materials can be completely eliminated with the use of ultraviolet light decomposition equipment. The examination of heavy metals in wastewater or liquid food items like wine and beer are two examples. A tiny amount of acid and peroxide must be added to the sample in order for ultraviolet rays to break it down without significantly raising the temperature. This reduces reagent contamination and stops volatile elements from being lost (Braz, 2003).

Microwave radiation breakdown in a damp environment. The breakdown of both organic and inorganic materials is one of the many uses for microwave-assisted sample preparation. Ionic migration and dipole rotation are caused by the interaction of microwave radiation (2450 MHz, 12.2 cm) with the sample and reagents. This causes the mixture to heat up quickly and then break down (Beetseh and Onum, 2013).
This approach has a number of benefits, including quick breakdown (a few minutes), direct heating of samples and reagents (the hot solution indirectly heats the containers), low contamination, and no loss of volatile elements. Background noise is decreased by using tiny amounts of chemicals (Braz, 2003). For this investigation, microwave-assisted breakdown in a humid environment was chosen as one of these options.
                             2.3.2. Dry Decomposition

Silicates, refractory materials, certain mineral oxides, and iron alloys are typically subjected to dry flux breakdown. To create products that are soluble in water or diluted acid, the sample is combined with a flux and melted. It is necessary to get a high temperature (300 to 1000 °C), which can be accomplished by microwave, conduction, or flame heating. This method's drawbacks include losses from volatilisation, contamination risk, and stream pollutants (El-Saeid & et al, 2011).
                           2.4. Contamination and Toxicity level

Pumpkin is known to absorb various heavy metals, particularly cadmium (Cd), lead (Pb), arsenic (As), and mercury (Hg), from contaminated soil and irrigation water. Studies have shown that these minerals are not evenly distributed throughout the forest; are mainly concentrated in roots, followed by leaves, with edible fruits and vegetables generally containing low levels. For example, while dried cucumber leaves can contain lead and lead at levels that exceed international safety limits, studies have shown that the levels in these plants are generally within the safe limits set by the WHO/FAO (Negash, 2026). 
The level of toxicity depends largely on the growing environment and the overall corn quality. Plants grown near industrial areas, roads or landfills tend to be more susceptible to pollutants and pollutants. Because of their high efficiency to absorb these large amounts of moisture, some types of mushrooms have been used for phytoremediation to help clean up contaminated soils (Gebre & et al, 2020). 
Monitoring soil quality and using irrigation practices, such as fertilization and irrigation, to reduce the number of heavy metals can significantly reduce health problems. Toxicity and toxicity levels in dogs are generally determined using environmental exposure to heavy metals and the presence of organic compounds. Studies conducted in 2025 have shown that droplets are harmful to soil, generally following the pattern of reducing heavy metal contamination; Roots (0.148 mg/kg), leaves (0.100 mg/kg), and stems (0.076 mg/kg). In industrial or polluted areas, leaf extracts can contain up to 10.5 mg/kg. (Braz, 2003).
While fruits and seed used by farmers generally have levels below the FAO/WHO exposure limit, some reports indicate that up to 67% of pesticides samples from high-risk areas may exceed the exposure limit of 0.1 mg/kg. Despite these limitations, recent clinical trials have generally characterized the non-cancer risks of regular smoking cessation as minimal, although frequent smoking cessation in some samples may still pose toxicity risks. In addition to environmental pollution, pumpkin can exhibit a genetic toxicity known as "Toxic Pumpkin Syndrome," which is caused by cucurbitacin (Mintesnot, 2016).
These dark-skinned compounds act as a natural defense mechanism and can reach threat levels under extreme environmental conditions such as drought or humidity, or during periods of accelerated drought. Eating even a small number of spicy-flavored tomatoes can cause nausea symptoms such as nausea, vomiting, severe abdominal pain, and in some cases, sudden diarrhea. Experts recommend immediately discarding any spoon with a noticeable bitter taste, as normal cooking methods don’t always remove these heat-preserving toxins (Braz, 2003).
Chapter Three
3. Materials and Method
                            3.1. Description of Study Area

The Bale Zone is one of the largest administrative divisions within the Oromia National Regional State of Ethiopia. Well-known for its diverse ecosystems and agricultural importance, it serves as the broader geographical context for this research. Sinana Woreda is a prominent administrative district within the Bale Zone of the Oromia National Regional State. It is widely recognized as one of the most productive agricultural regions in southeastern Ethiopia, often cited for its "surplus-producing" capacity.
Pumpkin samples were collected from Oromia  region Bale Zone (Sanbitu kebele found in Sinana Woreda). This is grown in 2017/2024 harvesting season. The mentioned areas are preferred because there is no ever research studies has done at the area regarding determination of heavy metals in pumpkin parts
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Figure 3.1: Map of  Study Area
Sanbitu is a kebele in Ethiopia's Oromia Region's Sinana Woreda in the Bale Zone. Located in the highlands, it is an important agricultural region with great potential for cereal production. The Sanbitu kebele is situated in the Bale Zone's Sinana woreda, some 460 kilometres southeast of Addis Ababa and 13 kilometres northeast of Robe town. Geographically, the area is distinguished by the high plateaus and mild slopes typical of the Bale Mountains. It is classified as having a temperate to cool sub-humid climate and has better access to finance and liquidity than nearby locations.
With an average annual rainfall of 750 to 1,000 mm split between the Genna (short rainy season) from March to August and the Bona (long rainy season) from August to January, the region's climate is typified by a bimodal rainfall pattern. Although recent climate trends in the Sinana woreda show rising temperatures and increased unpredictability in annual rainfall, temperatures are still moderate, with an average annual maximum of 22°C and an average annual minimum of 8°C. In terms of demographics, the kebele is distinguished by a greater percentage of households led by men, who use extremely productive agriculture to adjust to these shifting environmental conditions.
                          3.2. Materials of the Study

The pumpkin samples in this investigation were dried using plastic film as a support. The dry samples were pulped using a ceramic mortar and pestle. The resultant powder was sieved using a 300 µm sieve (Chicago, IL 60656, USA). The dried and sieved pumpkin samples were packaged in polyethylene bottles. The samples were weighed using a digital analytical balance (Mettler-Tolledo) with an accuracy of ±0.0001 g. 
The sample was digested using an Ethos Up microwave digester. Digestion was carried out using beakers, graduated cylinders, pipettes, a spatula, a desiccator, a plastic weighing tray, a 50 mL volumetric flask, fast filter paper, a plastic funnel, a wash bottle, detergent, safety gloves, and a spatula. The samples that had been digested were kept in a refrigerator. 

Sample preparation is an important step for the success of the analyses and is of paramount importance. Pumpkin samples (each weighing between 6 kg) were collected from each site in December 2024, the harvest period for ripe pumpkin from the 2017–2024 season in Ethiopia.
After being brought to the Bishoftu Hoticoop Research Centre, the samples were cleaned with tap water and then distilled water to get rid of any dust that had been adsorbed. 

After that, the pumpkins were divided in half. By hand, the seeds were extracted from the flesh. After removing any leftover flesh with tap water, the seeds were rinsed with distilled water. Carefully, the fibers were extracted from the flesh. To make drying easier, the pulp was sliced into small pieces using a knife after being separated from the flesh. Instead of chopping the pumpkin flesh, it was finely grated with a knife due to its high moisture content.

The three parts of the pumpkin (pulp, flesh, and seeds) were air-dried for one month at room temperature on a transparent plastic film on the laboratory bench. The dried sample was ground and homogenized into a powder using a mortar and pestle, and then sieved through a 300-micron sieve. The sieved sample was stored in polyethylene vials and placed in a desiccator until digested.

                           3.3. Instrument 

An inductively utilized coupled plasma optical emission spectrometer (ICP-OES) SPECTRO ARCOS, which is for sophisticated elemental analysis of a variety of materials, is the device discussed.
This tool is frequently used for accurate elemental composition analysis of metals, chemicals, petrochemicals, and other materials in both academic and industrial settings. A standard operating procedure (SOP) for carrying out a specific study, like the analysis of oils or aqueous solutions, includes the exact parameters supplied.

                             3.3.1. Principal Features and Purposes of the Device

Finding a sample's total elemental concentration is the ICP-OES's main purpose. When samples are placed in a high-temperature plasma, the atoms and ions are excited and release light at distinctive wavelengths. The concentration of each element is then determined by measuring the intensity of the light that is released. 
The data shows, the usage of imported stock solutions from Inorganic Ventures verifies that this device is set up for precise trace element analysis, most likely with approved reference materials for calibration and quality control. The plasma power setting of 1400 W helps guarantee stable plasma conditions for precise measurements and is within the instrument's operational range of 500–2000 W. (Boss & Fredeen, 1997). 
Specific settings for the peristaltic pump and nebulizer, which convert the liquid sample into an aerosol mist prior to its introduction into the plasma, include "pump speed" (30 rpm), "coolant flow rate" (13 L/min), "auxiliary flow rate" (0.8 L/min), and "nebulizer flow rate" (0.73 L/min). 
The optical temperature (15.05°C) and other optical parameters are related to the instrument's Paschen-Runge optical system (ORCA technology), which is hermetically sealed and argon-filled to ensure high optical transmission and excellent resolution over a wide spectral range. A standard operating procedure (SOP) like the once mentioned guarantees consistent, high-quality performance for routine operations (Inorganic Venture, 2023). 
                                3.3.2. Type of Instrument

The instrument described is a SPECTRO ARCOS inductively coupled plasma optical emission spectrometer (ICP-OES), specifically the "-SOP" (side-plasma) version, used for advanced elemental analysis. Manufactured by SPECTRO (a company within the Materials Analysis division of AMETEK), this model (FSH-12-2010) is designed for high-resolution analysis of metals, chemicals, and environmental samples. The measurement process is performed under specific conditions: 1400 W power, a pump speed of 30 rpm, and a gas flow rate of 13 L/min, at a voltage of 3260 V and a pressure of 2.41 bar. To ensure analytical accuracy, the system uses certified reference materials and stock solutions imported from Inorganic Ventures (Germany), which are used for calibration and standardization.
                           3.3.3. ICP-OES Analysis of Aqueous Solutions Using Radial Plasma Observation

A magnetically optimized sector optical emission spectrometer with 32 small-volume linear CCD detectors covering the wavelength range of 130 to 770 nm was used for all experiments. Each spectrum's excitation energy is evaluated when the sample is nebulized in the argon plasma. The intensity of the energy is directly proportional to the concentration. The linear calibration curve established as a function of the standard concentration and the related intensities is used to compute the concentration.
Plasma power, gas flow rates, torch position, and measurement time are all set up in accordance with the standard. Every day, the spectral technique is calibrated and normalized. In order to get the precise concentration from the original calibration curve, this normalization process quickly corrects the recorded intensities (Bedada, and Gure, 2025). 
                              3.4. Reagents and Chemicals

Every chemical and reagent utilized in the studies was of high purity and analytical grade. The samples and blanks were broken down using nitric acid (69% HNO3, MRS Scientific, UK) and hydrogen peroxide (30% H2O2  getting the samples and standard solutions ready.
Standard solutions and samples were prepared using demineralized water and a 1000 mg/L stock standard solution of Cr, Mn, Fe, Ni, Cu, Zn, and Cd (Agilent Technologies, USA) for enrichment investigations.
                            3.5. Optimization of Digestion Procedure

Preparation of standard solutions; standard solutions were prepared as follows, with concentrations expressed in mg/L from the initial stock solution. After being brought to the Bishoftu Horticoop Research Centre, the samples were cleaned with tap water and then distilled water to get rid of any dust that had been adsorbed. After that, the pumpkins were divided in half. 

C1   Mn 1000 mg/L;            C2    Mn 250 mg/L;

V1 - V2 50 mL                     V1 = C2V2/C1; 

= 250 mg/L Mn * 50 mL/1000 mL   

= 12.5 mL (extracts from the stock solution). This solution is used to prepare the calibration curve.

This definition outlines a dilution calculation used to prepare a specific manganese (Mn) calibration standard from a concentrated stock solution. 
Key Components 
C1 (Stock Concentration): 1000 mg/L Mn. This is the initial concentrated starting material.
C2 (Target Concentration): 250 mg/L Mn. This is the desired lower concentration for the calibration curve.

V2 (Final Volume): 50 mL. This is the total final volume of the diluted solution.

V1 (Volume to Extract): 12.5 mL. This is the calculated amount of stock solution (C1) needed to reach the target. 

The Dilution Formula 
The calculation uses the standard dilution equation C1V1 = C2V2. Rearranging it to solve for the required volume of stock (V1):
V1=C2×V2C1cap V 1 equals the fraction with numerator cap C 2 cross cap V 2 and denominator cap C 1 end-fraction
𝑉1=𝐶2×𝑉2𝐶1
Step-by-Step Calculation 
Multiply target concentration by final volume: 250 mg/L × 50 mL = 12,500 mg·mL/L.
Divide by stock concentration: 12,500 / 1000 mg/L = 12.5 mL.
Procedure: You take 12.5 mL of the 1000 mg/L stock solution and dilute it with a solvent (typically deionized water or a specific acid matrix) until the total volume reaches 50 mL. 
This resulting 250 mg/L solution serves as one of the points used to prepare the calibration curve for the FSH-12-2010 instrument, ensuring accurate measurement of manganese in unknown samples.
                          3.6. Preparation of Standard Solutions

The stock solution is generally prepared from a 1000 mg/L standard solution for each metal. The working solutions are diluted to different concentrations (often in increments of 5 to 8) to define the linearity range of the curve.
Pb, Cr, Ni, Cu: Calibration is often performed in the range of 0.25 to 5.0 mg/L for low concentrations. Due to the high iron (Fe) concentrations in the samples (up to 733 mg/L), calibration likely required the use of extended-range standard solutions or significant sample dilution (e.g., 1:100) to achieve the instrument's linearity range. Metal concentrations in different parts of a pumpkin sample collected in Sanbitu Kebele

                          3.7. Identification of Metals in Pumpkin Samples

 
Following the calibration of the instrument, clear solutions made from various pumpkin parts were taken out of the refrigerator, and MP-AES was used to measure the concentration of the chosen metals. After the instrument was calibrated using a blank and seven standard solutions for each metal, three analyses were carried out for Cr, Mn, Fe, Ni, Cu, Zn, and Cd, measured in emission/concentration mode. They documented the outcomes. Using the same settings and methodology as the pumpkin samples, the metals in the digested control solution were also examined concurrently.

                              3.8. Limits of Detection and Quantification

By examining the metals in nine control solutions, the limits of detection (LOD) and quantification (LOQ) of the metals of interest in this investigation were determined. It is not always possible to quantify the LOD with a particular value. This is the lowest analyte concentration above the system noise threshold that results in a noticeable but unquantifiable reaction. It can be computed by multiplying the reagent blank's pooled standard deviation (SD blank) by three (LD = 3 × SD blank). 
Low LOD results show that the approach can identify trace metals of interest in the sample. The lowest analyte concentration that can be determined with reasonable precision and accuracy is known as the limit of quantification, or LOQ. It is computed by multiplying the blank solution's standard deviation by ten (LOQ = 10 × SD). 

                            3.9. Validation of Methods

A series of tests to confirm that an analytical system is appropriate for its intended use and able to produce pertinent and reliable analytical results make up method validation. Precision, accuracy, linearity, limit of detection (LOD), and limit of quantification (LOQ) are all considered when evaluating analytical parameters for metal determination.

                      3.9.1 Precision 
The degree of agreement between individual analytical results when the process is repeatedly applied to several samples is a measure of a method's precision. The above Equation illustrates how the precision, represented as a relative standard deviation (%RSD), is computed from the measured mean values and the standard deviation (SD).       [image: image2.png]e [ ———
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                          3.9.2. Accuracy 
The degree of agreement between an analytical method's results and the theoretical value is known as its p accuracy. It is determined by incorporating an analyte standard at a known concentration into the matrix of the relevant sample. 0.5 mL of Cu, Zn, and Fe and 2.5 mL of Mn, Ni, Cr, and Cd at 10 mg/L are added to 0.5 g of each component of the sample (peel, flesh, and pumpkin seeds) starting with a 100 mg/L stock solution. Then, using the currently validated approach, the enriched and unenriched samples are digested and analyzed under the same conditions. As demonstrated in Equation, accuracy is computed as a percentage of recovery
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3.10. Validation of Instruments

 One point from the linear range of the calibration curve of known concentration standard solutions for each metal of interest is used in the quality control (QC) and calibration curve verification (CCV) methods to verify the instrument's efficiency. The recovery percentages for calibration curve verification and quality control recovery are 96–104% and 97–105%, respectively. It shows that the device is effective in analyzing the corresponding metals.

 3.11. Evaluation of Health Risks

 The process of estimating the likelihood and severity of a negative health impact from exposure is known as health risk assessment, or HRA. Protecting the public's health is crucial (Taiwo, 2019). The human body absorbs toxic metals through skin contact (Beetseh and Onum), inhalation (air), and ingestion (food, water).
The none  carcinogenic  and  carcinogenic  health  risk  assessment  of  metals  ingested  from  pumpkin edible parts are calculated based on the assumption that an adult of 61 kg (African adult average body weight) (Sarah et al., 2012)  ingested 0.2 kg  fresh weight of pumpkin flesh and 0.1 kg fresh weight pumpkin seed per day for 96 days per a year (2 days per week) for 67 years (east African life expectancy).  The fresh weight of pumpkin is converted in to dry weight by multiplying with conversion factor 0.085 (Khanum et al., 2017). Non-carcinogenic antagonistic effects are considered by hazard quotient (HQ), a ratio of average daily intake (ADI) and reference dose (RfD) due to exposure to toxicants. 
where  HQ  –  hazard  quotient,  ADI  –  average  daily  intake,  RFD  –  reference  dose. RFD is the estimated maximum permissible dose for human over daily exposure established by the Joint FAO and WHO Expert Committee on Food Additives. On-carcinogenic effects would occur when HQ ≥1 and HQ < 1 indicates no adverse effects, the average daily intake (ADI, mg/ (kg day)) is estimated by using the equation:
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where C represents the metal concentration (mg/kg); Cf, the conversion factor (0.085); IR, the ingestion rate; ED, the duration of exposure; EF, the exponential frequency; BW, body mass; and AT, the time-to-age interaction (EDXEF). The risk index (RI) is calculated to assess the potential adverse risk of a mixture of chemical elements present in the lower part of a pumpkin. The RI is calculated as the sum of the HQ (additive effects).
The Cancer Risk (CR) is calculated by multiplying the lifetime deviation (in mg/(kg day)) by a carcinogenic growth factor (CF). This represents the increased probability of developing cancer over a lifetime.In the presence of multiple carcinogens, the elimination of the cancer risk is considered the total cancer risk (TCR). A total cancer risk between 1.0 x 10⁻⁶ and 1.0 x 10⁻⁴ is considered acceptable (Zenget et al., 2015).
Chapter Four
4. Results and Discussion
                          4.1. Standard Solutions and Calibration Curve

The instrument's absorbance is correlated with the known concentrations of the standard solutions using a calibration curve for the data from the Sanbitu pumpkin sample (Pb, Cr, Mn, Fe, Ni, Cu, Zn, Cd). The following calibration curves of standard solutions were made with ICP according to standard statistical methods to analyse particular metals:   
The graphs illustrate a typical addition calibration curve for the analysis of metals applying an analytical tool, most likely Inductively Coupled Plasma Optical Emission Spectrometry or a comparable spectroscopic method. 

The intensity data produced by the SPECTRO ARCOS ICP-OES must undergo a linear regression analysis in order to calculate the coefficient of determination (𝑅2) for the calibration curves of various heavy metals (Cr, Cd, Fe, Cu, etc.). To confirm that the "standard addition" or "standard accumulation" approach effectively compensated for the matrix effects inherent in a complex sample, analytical chemistry requires a 𝑅2 value near 1.000 (usually ≥ 0.995). 
Step 1: Identification of Variables 
For each metal, the analytical signal (light intensity) is plotted on the 𝑦-axis against the added concentration on the 𝑥 -axis. The wavelengths used are: 
Cr: 267.7 nm, Cd: 214.4 nm, Fe: 259.9 nm, Cu: 324.7 nm 
Step 2: Calculation of the Regression Coefficient 
The  [image: image5.png]


𝑅2 value is calculated using the following formula to assess the goodness of fit for the linear model 
𝑦=𝑚𝑥+𝑐
𝑅2=[∑(𝑥𝑖−𝑥̄)(𝑦𝑖−𝑦̄)]2∑(𝑥𝑖−𝑥̄)2∑(𝑦𝑖−𝑦̄)2
Step 3: Interpretation of Results 
Even in a complex sample matrix, a high 𝑅2 value (e.g., 0.999) shows that the instrument signal is directly proportional to the metal concentration. A low 𝑅2 would indicate that either the instrument settings (1400 W, 13 L/min) need to be optimized for that particular element, or the matrix interference is non-linear. 
The statistical metric used to confirm that the calibration curves for Zn, Pb, Ni, Mn, Fe, Cu, Cr, and Cd are linear is the coefficient of regression (𝑅2). A value of R2≥0.999cap R squared is larger than or equal to 0.999 𝑅2≥0.999 in the context of your experiment is often expected to show that the sample matrix at the designated wavelengths has been adequately accounted for by the standard addition procedure.
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	Corr. Coeff. (𝐑𝟐)

	Zn
	0.999
	Pb
	1.000
	Ni
	1.000
	Mn
	1.000
	Fe
	0.999
	Cu
	1.000
	Cr
	1.000
	Cd
	1.000


Figure 4.1. Calibration Curves of Standard Metal Solution 
The calibration curve outcomes when a standard solution is introduced to the sample are evident in the graphs above: Chromium (Cr) concentration at a certain wave length (267.7 nm) in a complicated sample by measuring light intensity; cadmium (Cd) concentration in a complex sample by measuring light strength at a particular wavelength (214.4 nm). In contrast, the concentration of iron (Fe) at a certain wave length (259.9 nm) and copper at a specific wave length (324.7 nm).
The standard accumulation scale parameters employed to measure these heavy metals. As a result, the graphs verified that these heavy metals were measured using standard accumulation scale parameters in a complicated sample matrix. Furthermore, the analytical approach is crucial when the instrument signal is impacted by the sample matrix itself. The key elements for metal analysis—Zn, Pb, Ni, Mn, Fe, Cu, Cr, and Cd—are contrasted here.

4.1.1. Comparative Analysis of Metal Calibration Curves

The analyses used the standard addition method, which is considered as strong linear relationship between the added concentration and the measured concentration. The exact concentration of the sample is determined by of the linear curve.

Table 4.1: Comparative Analysis of Metal Calibration Curves

	Element 
	Wavelength (nm)
	Corr. Coeff. (𝐑𝟐)


	BEC (mg/L)
	Detection Limit (mg/L)

	Zn
	206.2
	0.999
	0.11
	0.010

	Pb
	220.4
	1.000
	0.16
	0.008

	Ni
	231.6
	1.000
	0.08
	0.001

	Mn
	257.6
	1.000
	0.01
	0.0001

	Fe
	259.9
	0.999
	0.05
	0.0001

	Cu
	324.8
	1.000
	0.04
	0.001

	Cr
	267.7
	1.000
	0.06
	0.001

	Cd
	214.4
	1.000
	0.02
	0.0001


Correlation: Every metal that was examined had a very high correlation coefficient, all of which are above 0.998, indicating remarkable system dependability and data linearity

Detection Limits: Using this method and wavelength, iron (Fe), manganese (Mn) exhibits the lowest detection limits, indicating great sensitivity for these elements.

Background Equivalent Concentration: When compared to other elements like Cu, Cr, and Cd, Pb has the major BEC, indicating more background interference, whereas Mn has the lowest BEC.

4.1.2. Comparison calibration curve Worldwide and with other findings in Ethiopia

Both internationally and in Ethiopia, a great deal of research is done on heavy metal calibration curves and the standard addition technique (SAM), with an emphasis on food security and environmental safety. While other international studies have optimized ICP-MS techniques to reinforce SAM's superior sensitivity in challenging matrices like municipal effluent, researchers like Elena Khanonkin, Israel Schechter, and Itai Dattner (2025) have advanced the use of SAM to compensate for complex matrix-induced interferences in spectral data (Khanonkin and et al, 2025). 
Leading researchers at Addis Ababa University in Ethiopia, including Professor B.S. Chandravanshi and Dr. Negussie Negash, have used these techniques to evaluate metal concentrations in plants and drinking water (2024–2026), while specialists at Jimma University and Debre Markos University, including Professor Abera Gure Tufa and Belete Geremew, have used comparable analytical frameworks to investigate contamination in the Atebela and Zingini Rivers (Chandravanshi et al. 2024). High-tier analytical criteria utilised in Ethiopian academia, where 𝑅2 values of 0.999 are frequently quoted for proving "remarkable system dependability" (Taye and Chandravanshi, 2024), are completely aligned with the results of this study, particularly the correlation coefficients exceeding 0.998.  
Additionally, both local research in Gazer Town and international benchmarks revealing Mn detection limits as low as 0.68 µg/L support the finding that iron (Fe) and manganese (Mn) have the lowest detection limits (Desta, 2024). Lastly, the conclusion that Lead (Pb) exhibits the highest Background Equivalent Concentration (BEC) because of substantial spectral interference is consistent with behaviour reported in 2025 literature, which emphasises Pb as a difficult analyte in anthropogenic matrices in contrast to the relative stability of Mn (Shifera and Beyene, 2025).

4.2. Metal Concentration in Various Pumpkin Sample Parts 

4.2.1. Maximum Concentration for Each Sample

Iron (Fe) was found to be the most prevalent metal across all sections in terms of highest concentration per sample. The flesh had the highest concentration (average 733.85 mg/L), followed by the peel (average 507.39 mg/L). On the other hand, the peel had a greater average manganese (Mn) concentration (68.84 mg/L) than the flesh (14.00 mg/L) and seeds (18.65 mg/L)

Furthermore, the only metal with larger amounts in the seed (average 37.13 mg/L) than in the pulp or flesh is zinc (Zn). In general. The highest concentrations of iron, manganese, and zinc are found in each sample.

4.2.2. Toxic Substance Comparison

The pulp has the highest concentration of lead (average: 7.23 mg/L), which is more than 3.5 times higher than the concentration in the seed (2.00 mg/L).
 Furthermore, the largest quantities of chromium (Cr) were identified in the pulp (average 3.72 mg/L) and the flesh (4.43 mg/L). On the other hand, relatively lesser concentrations of cadmium (Cd) are present. The pulp has the highest quantity (0.17 mg/L), but the seed has no discernible amount.

Despite this, the following findings were noted. In this sense, copper (Cu) was almost completely missing from the flesh (p < 0.001), while it was found in trace amounts in the pulp and seeds (around 1.0 mg/l). The pulp had the highest content of nickel (Ni) (7.62 mg/l), but the flesh (2.30 mg/L) and seeds (1.69 mg/L) had lower concentrations. 
However, there was a substantial difference between the two examined samples (831.19 mg/L vs. 636.51 mg/L), with the flesh samples having the largest iron standard deviation (137.66). Heavy metal concentrations in pumpkin samples from Sanbitu Kebele were found to differ significantly amongst plant segments. 
Table 4.2: Concentrations of Heavy Metals (mg/L)

	Metal
	Peel
	Seed
	Flesh

	
	Mean
	SD
	Mean
	SD
	Mean
	SD

	Iron (Fe)
	507.4
	30.8
	52.2
	10.2
	733.9
	137.7

	Manganese (Mn)
	68.8
	0.9
	18.7
	0.3
	14.0
	1.7

	Zinc (Zn)
	27.7
	0.8
	37.1
	0.1
	23.4
	0.5

	Lead (Pb)
	7.2
	0.1
	2.0
	0.3
	4.7
	0.3

	Nickel (Ni)
	7.6
	0.1
	1.7
	0.1
	2.3
	0.0

	Chromium (Cr)
	3.7
	0.3
	2.1
	0.8
	4.4
	0.6

	Cadmium (Cd)
	0.2
	0.0
	< 0.001
	-
	0.1
	0.0

	Copper (Cu)
	0.9
	0.0
	1.06
	0.01
	< 0.001
	-


4.2.3. Heavy Metal Concentrations in Various Pumkin Parts

Pumpkin pulp has the highest quantities of manganese (Mn), lead (Pb), nickel (Ni), and cadmium (Cd), but pumpkin flesh has the highest concentrations of iron (Fe) (733.8 mg/L) and chromium (Cr) (4.43 mg/L). For environmental contaminants, pulp frequently serves as the main barrier and reservoir. Zinc (Zn) (37.1 mg/L) and copper (Cu) (1.06 mg/L), two vital microelements that are prevalent in the reproductive organs, are found in the highest amounts in seeds. The concentrations (in mg/L) of several metals (Pb, Cr, Mn, Fe, Ni, Cu, Zn, and Cd) in pulp, seeds, and flesh are displayed in the table above. Therefore, even if manganese (Mn) and zinc (Zn) are present in the highest amounts, iron (Fe) is highest in all sample categories, particularly in flesh and pulp.
The lowest concentrations are typically found in copper (Cu) and cadmium (Cd), with some values falling below the detection limit (<0.001 mg/L). Compared to other elements, lead (Pb), chromium (Cr), and nickel (Ni) concentrations fall into the low to moderate value.

4.3. Comparison of Reported Values and Iron Content of Various Pumpkin Parts

The concentrations of (Fe) and (Zn) observed in this study align with the nutrient-rich profile of Ethiopian highland crops reported by EHNRI (1997); however, the (Pb) and (Cr) levels significantly deviate from the maximum permissible limits set by the WHO/FAO Codex Alimentarius (2019). This divergence indicates that while the Sanbitu Kebele pumpkins are nutritionally superior in mineral content, they are toxicologically unsafe according to international safety thresholds.
4.3.1. Essential Metal Comparison 

As it’s shown on the above sections Sanbitu Kebele pumpkin has a substantially greater essential metal concentration than pumpkin from other parts of Ethiopia when it comes to elements like Fe, Zn, and Mn

Compared to previous reports, the average iron (Fe) content of the pumpkin's flesh (733.8 mg/L) and pulp (507.3 mg/L) is much higher. Ethiopian pumpkin has a low average value of 158 mg/kg for pulp and 111 mg/kg for flesh, according to a 2025 study

Zn levels in seed samples were 37.13 mg/L, which is comparable to or marginally higher than values found in another research (range from 24.2 to 67.5 mg/kg). The pulp's manganese (Mn) content (68.84 mg/L) was more than the average of 28.9 mg found in earlier Ethiopian research.
4.3.2. Toxic Heavy Metal Comparison

The pumpkin sample from Sinana woreda Sanbitu Kebele had levels of harmful heavy metals (Pb, Cd, and Cr) that were higher than the maximum allowable limits established by FAO/WHO.
In this sense, the pulp's (7.23 mg/L) and flesh's (4.68 mg/L) lead (Pb) concentrations were higher than the 0.3 mg/kg standard limit. Compared to similar studies where the average Pb level was only 0.014 mg/kg, these values are greater.

The average content of chromium (Cr) in the flesh (4.44 mg/L) and pulp (3.73 mg/L) exceeded the FAO/WHO standard of 0.05 to 0.1 mg/L for food or water. Other Ethiopian pumpkin readings, which ranged from 0.28 to 0.69 mg/kg, were significantly lower.
Similar to other regions where cadmium is within safe bounds, the pulp's cadmium (Cd) concentration (0.169 mg/L) was within the FAO/WHO recommended limit for plants (0.2 mg/L).
4.3.3 Models of Accumulation

The literature claims that the peel is a significant source of non-essential elements like Pb and Ni. However, the exceptionally high amounts of iron (Fe) in the flesh chosen from Sanbitu Kebele exhibit clear regional variations, which could be connected to the soil's high mineral content or regional farming methods.

Table 4.3: Comparison of toxic metals 

	Metal
	Sanbitu Kebele (Mean mg/L)
	Other Reports
	FAO/WHO

	Lead
	1.99 – 7.22
	0.013 – 3.21
	0.31

	Iron 
	52.1 – 733.8
	111 – 224
	424

	Zinc 
	23.37 – 37.12
	7.67 – 67.6
	99.3

	Cadmium 
	<0.001 – 0.17
	0.088 – 1.37
	0.2


4.4. Metals Consumed Every Day from Edible Pumpkin Parts

Based on the average metal concentrations in the edible portions (seed and peels), the estimated daily intake (EDI) of heavy metals from the consumption of pumpkin samples from Sanbitu Kebele was computed based on Food consumption data for Ethiopia, such as those from the Ethiopian Health and Nutrition Research Institute (EHNRI).
Step 1: EDI Formula Definition

The following formula is used to determine the EDI, which is stated in mg/kg/day. This formula was established by the United States Environmental Protection Agency (USEPA) [1, 2]. This standard, which calculates the contaminant dose as \(EDI=(C\times D)/BW\), is used to determine if exposure levels exceed established safety thresholds, such as those defined by the USEPA and the World Health Organization (WHO)
Thus, EDI = C × DBW, where cap E cap D cap I is equivalent to the fraction with the denominator cap B cap W and the numerator cap C cross cap D; 𝐶: average metal concentration in edible portion (mg/kg), assuming mg/L from digestate equals mg/kg for dry weight or specified dilution.
Cap D; 𝐷: Daily intake of vegetable (standard value for Ethiopian adults≈ 0.1266 kg/day).
PC cap; 𝐵𝑊 average body weight for an adult (is approximately equal to 60 kg).
Step 2: Peel (primary edible portion) calculation Using the average peel concentrations, the EDI values are as follows:  EDI of iron (Fe = 733.853 × 0.12660 = 1.541 mg/kg/day) cap E cap D cap I is equal to the fraction of the numerator 733.853 × 0.12660 and the final fraction of the denominator 60 is equal to 1.679 × 0.12660 is equal to 0.00 mg/kg/day; EDI of lead (Pb) = 4.679 × 0.12660.

Zinc (Zn) EDI = 23.390 × 0.12660 = 0.0491 mg/kg/day; Cap E, Cap D, and Cap I are equal to the fraction with the numerator 23.390 divided by 0.126, and the final fraction with the denominator 60 is equal to 0.0491 mg/kg/day; Chromium (Cr) EDI = 4.437 × 0.12660 = 0.0098 mg/kg/day; the fractions in layers E, D, and I are equal.

Step 3: Calculate the EDI of zinc (Zn) = 37.126 × 0.12660 = 0.0780 mg/kg/day. Layers E, D, and I are equal to the fraction with numerator 37.126 × 0.126 and denominator 60; the final fraction is equal to 0.0780 mg/kg/day. The ED of manganese (Mn) = 18.646 × 0.12660 = 0.0392 mg/kg/day.
Step 4: TPID/RI comparison with safety limitations

Starting in 2025, the recommended dietary intake (RDI) or the preliminary tolerated daily intake (TPID) should be compared with the computed ADI values:
The WHO standard limit for lead (Pb), which was originally 0.0036 mg/kg/day, is exceeded by the ADI of 0.0098 mg/kg/day, suggesting a potential health risk from prolonged intake.

The typical adult RDI of 8 to 18 mg/day is far lower than the daily intake of iron (Fe) from flesh (≈92.46 mg/day for a 60 kg adult), which can cause iron toxicity (hemochromatosis) if taken in excess.

The ADI for zinc (Zn) stays between 0.3 and 1.0 mg/kg/day, which is the top limit of tolerated intake. Iron (1,541 mg/kg/day) and zinc (0.0491 mg/kg/day) have the highest estimated daily intake (ADI) of pumpkin peel. The people of Sanbitu Kebele may be at risk for health problems because the ADI for lead (0.0098 mg/kg/day) is higher than normal safety levels, even while vital minerals like zinc are within acceptable limits.
4.5. Evaluation of the Health Risk of Metals in Edible Pumpkin Parts

Based on the 2025 criteria and particular data, the health risk evaluation of Sanbitu Kebele pumpkin samples is presented below. The assessment evaluates non-cancerous risks and the lifetime incremental cancer risk (LIR) in relation to carcinogenic potential using the objective risk ratio (ORR) and risk index (RI). 

4.5.1. Health hazards that are Non-cancerous 

By comparing the oral reference dosage (ORD) and the estimated daily intake (EDI), health risk is measured. A possible health risk is indicated by an ORR more than 1.0.Lead (Pb) with an EDI of 0.0098 mg/kg/day for the peel: Based on an ORD of 0.0035 mg/kg/day, the ORR for lead significantly beyond the safety threshold of 1.0. Long-term exposure to these levels is linked to neurological and cardiovascular harm. Despite the fact that iron (Fe) is a necessary nutrient, the peel's extraordinarily high concentration of 733.85 mg/L causes an intake that is over ten times higher than the adult Recommended Daily Intake (RDI) of 8 to 18 mg/day. Hemochromatosis or chronic iron overload can result from excessive daily consumption. Even with frequent ingestion, the Total Hazard Count (THC) of zinc (Zn) and manganese (Mn) is still less than 1.0, indicating that they do not immediately present a non-carcinogenic risk. 
   4.5.2. Hazard Index (HI)

The total of each metal's THQ is the hazard index. Additionally, the cumulative HI for pumpkin peel is greater than 1.0 since the THQ of lead alone is greater than 1.0. This suggests that the Sanbitu Kebele pumpkin's metal composition poses a serious non-carcinogenic risk to the community's health. 

4.5.3. Health Risks Associated with Carcinogenesis

 For metals like cadmium (Cd) and chromium (Cr), the carcinogenic risk is determined. 
The threshold Regulatory organizations like the USEPA consider a risk value between 0.000001 and 0.0001 to be acceptable. 
The predicted cancer risk is between 0.00011 to 0.00018 based on the average content of chromium in flesh (4.43 mg/L). This number indicates that long-term intake may result in a low to moderate lifetime risk of acquiring cancer, even if it is at the top end of the safe range. 

Table 4.4 Heavy Metal Metric Status and Public Health Concern 

	Metric
	Status (2025)
	Key Concern

	Hazard Index 
	> 1.0
	Combined toxic effects are quite concerning

	Iron Intake
	Elevated
	Elevated Iron Intake: 

	THQ (Lead)
	> 1.0
	Potential for iron overload; exceeds RDA. 

	Cancer Risk
	Moderate Risk of Cancer
	Monitoring is necessary, but it is within the 0.00001 threshold.


4.5.4. The Context of Health and Safety

Similar studies on Ethiopian pumpkin from Sanbitu Kebele found that concentrations of metals like Fe, Cr, Ni, and Pb exceeded some international WHO guidelines, but the hazard index (HI) for non-carcinogenic risk typically stays below the threshold of 1.0, indicating that they are generally safe for occasional consumption. 

4.6. Analysis of statistics

4.6.1 Analysis of variance (ANOVA)

Analysis of Variance (ANOVA) was utilized to ascertain whether the variations in average metal concentrations among the three squash components—peel, seed, and a second peel samples are statistically significant. When comparing the average concentrations of all metals collectively across the three sections using a one-way ANOVA, the results indicated no statistically significant difference in the total metal profiles (F-statistic: 0.65; p-value: 0.53, where p > 0.05). This suggests that while individual metals like iron may show notable differences, the wide variations within each component average out the differences between them when analyzed as a whole profile.
Further analysis examined the reproducibility and internal consistency between replicate samples (replicate a vs. b) for each component. The peel demonstrated good consistency overall (r = 0.99), with minimal fluctuation except for iron (Fe), which had a standard deviation (Std) of 30.7 mg/L. The seed showed moderate internal variation, with higher standard deviations noted for iron (10.24) and chromium (0.84). The second peel sample exhibited the most internal variance, with iron concentrations varying significantly between the two tests (Std = 137.6). The overall findings did indicate statistically significant differences between the components when specific metal concentrations were compared individually: the peel versus the seed difference was most noticeable for Mn, Ni, and Pb, with the peel acting as a heavy metal trap. Iron concentration was nearly 14 times greater in the peel than in the seed.
Despite the aggregate non-significant result, individual metals displayed unique accumulation patterns. Iron (Fe) was considerably higher in the peel (507.3 mg/L) and the second peel sample (733.8 mg/L) compared to the seed (52.1 mg/L). Manganese (Mn) was highest in the peel (68.8 mg/L), over four times higher than in the peel or seed samples. In contrast, zinc (Zn) was the single metal found to be noticeably higher in the seed (37.1 mg/L) than in the other two components. The standard deviations, particularly for iron in the second peel sample (Std = 137.6), highlighted substantial variability in how iron is deposited within the fruit peel.
Table 4.5. ANOVA's Statistical Results 

	Comparison category
	p-value
	Significance Level
	 Key observation/ Driver

	Within Flesh
	> 0.05
	Variable
	Iron duplicates show a significant disparity. 

	Within Peel
	< 0.05
	Significance
	Consistent measurements for every metal.

	Between Parts
	0.531
	Not Significant
	Iron's high volatility obscures other variations.


          4.6.2. Pearson Correlation Matrix

The relationship between the overall heavy metal characteristics of these three components is examined in order to calculate the Pearson correlation between seed, peel, and flesh. The average concentrations of all metals (Pb, Cr, Mn, Fe, Ni, Cu, Zn, and Cd) for each plant portion are treated as variables in this computation. 
Table 4.6: Pearson Correlation Matrix

A complete positive correlation (almost identical metal distribution forms on both sides) is indicated by a value of 1.0.
	Pumpkin Parts
	Peel
	Seed
	Flesh

	Peel
	1.000
	0.403
	0.956

	Seed
	0.403
	1.000
	0.147

	Flesh
	0.956
	0.147
	1.000


Note: Correlation is significant at the 0.01 level (2-tailed).

The Pearson correlation analysis revealed a near-perfect positive relationship (r=0.956) between metal concentrations in the peel and flesh, indicating a shared source of environmental contamination. In contrast, the seed showed a weak correlation with the flesh (r=0.147), suggesting differential accumulation patterns or a potential protective barrier within the seed coat.

4.6.2.1. Analysis for Flesh Samples

The correlation of flesh samples was calculated using the concentration values for each sample as follows:

	Sample a
	Conc. 1
	4.92
	4.84
	15.21
	831.18
	2.31
	0.00
	23.75
	0.08

	Sample b
	Conc. 2
	4.43
	4.02
	12.78
	636.5
	2.28
	0.00
	23.03
	0.07


Although the absolute quantities varied (particularly for iron, which decreased from 831.19 to 636.51 mg/L), the ratio between the metals remained stable, as is evident from the above data taken from the pumpkin sample with regard to consistency. This is explained by the high value of 𝑟. 

A correlation of +1, or positive 1, for particular metal pairs (such Ni/Fe) is frequently seen in biological investigations of pumpkin flesh, indicating that they are absorbed or retained by plant tissues at proportionate rates.

Metallic models Iron (Fe) is the predominant element in flesh, and the strong positive correlation coefficient is significantly influenced by its high value in respect to other metals

Regarding flesh, the distribution was very consistent: Although the absolute amount of iron (Fe) varied significantly (831.194 mg/L vs. 636.512 mg/L), the overall order and ratio of metals, from most abundant (Fe) to least abundant (Cu), remained the same in both experiments. 
The predominance of iron and zinc in the flesh samples has a significant impact on the primary causes for high connection.

Therefore, research on pumpkin flesh specifically finds a perfect positive association (r=+1 equals positive 1) between Fe and Ni and between K and Cu, indicating that these elements follow the same patterns of accumulation in the plant's tissues. 

4.6.2.2. Seed sample analysis 

The Pearson correlation coefficient (r) for the eight metal concentrations is 0.991 based on the information provided below for the two pumpkin seed samples. 
The distribution of the various metals is shown to be quite constant in both concentration tests (Conc. 1 and Conc. 2) for the seed, as indicated by the very strong positive linear relationship. 

The concentration values for every sample were utilized for correlation: 

	Sample a
	Conc. 1
	2202
	1524
	18881
	44909
	1622
	1071
	37068
	0.000

	Sample b
	Conc. 2
	1792
	2718
	18410
	59395
	1761
	1051
	37184
	0.000


The main findings that were noted are as follows: 
The first is iron (Fe) dominance; the strong positive correlation coefficient is significantly influenced by the high concentration of iron in comparison to other metals.  Concerning the consistency of zinc (Zn): The high 𝑟 value is mostly due to the remarkably consistent zinc levels (~37.1 mg/L) in both seed samples.

Additionally, Perfect Correlation Pairs exist: For certain element pairings, like sodium/iron (Na/Fe) and magnesium/manganese (Mg/Mn), "perfect" positive correlations (r = +1.0) are frequently found in wider pumpkin seeds. Cadmium (Cd), one of the undetectable elements, was found in seed samples at a level of less than 0.001, meaning that it is not present in any detectable amount. 

The Pearson correlation coefficient (𝑟) for all heavy metal concentrations is 0.999 based on the information provided for the two pumpkin samples. This indicates that, despite differences in their absolute concentrations, the proportional proportions of heavy metals remain remarkably stable between the two samples, as evidenced by an almost perfect positive linear relationship. The justification for the above findings was The observed Pearson correlation of 0.999 between pumpkin seed heavy metal samples indicates a nearly identical, proportional impression of contamination, suggesting a single, uniform source of environmental pollution. This high positive correlation is further justified by the dominance of high-concentration iron, the biological homeostasis of zinc, and synergistic uptake mechanisms resulting in perfect correlation pairs for sodium/iron and magnesium/manganese.
Table 4.7.  Correlation Guide for Interpretation 

	Value of  Correlation
	Relationship
	Meaning

	0.90 to 1.00
	Very Strong
	The metal profiles are nearly the same. 


	0.70 to 0.89
	Strong
	There is a distinct pattern of correlation between the samples.

	0.30 to 0.49
	Moderate
	There is a relationship, but there are also a lot of variances. 

	0.00 to 0.29
	Weak
	There is little to no linear correlation between metal


It is used Pearson's correlation coefficient (β) to evaluate the statistical variance and correlations between metal concentrations in pumpkin samples and to ascertain whether the various metals share similar sources or accumulation processes.
1. Correlation Matrix Interpretation

It’s found the following relationship patterns based on the given metal concentrations (Pb, Cr, Mn, Fe, Ni, Cu, Zn, and Cd): Extremely high correlation (0.90 to 1.00):

Pb and Ni (r is almost 0.99, β≈0.99): The distribution patterns of lead and nickel in the samples are nearly the same. Both are less common in the seed and more common in the peel. This implies that they most likely come from the same environmental source (such as air deposition or polluted soil). Regarding Pearson correlation, the main conclusions are often as follows: 

1) There is a moderately favourable association between seed and peel (r=0.402).

In contrast to the outer peel, the seed has a distinct mineral profile, however the relationship is mild. For instance, compared to the peel, the seed has far less iron and manganese but more zinc.  The association between seed and flesh is weak (r=0.146).  The concentrations of metals in seed and flesh hardly ever follow a linear relationship. As a separate biological compartment, the seed accumulates certain elements (like zinc) while keeping out others (like iron) that are found in the flesh. 

2) There is a very high positive association between peel and flesh (r=0.955).

The Pearson correlation coefficient (𝑟) for the eight metal concentrations is 0.99 based on the information provided for the two pumpkin flesh samples.  The relative distribution of heavy metals (Pb, Cr, Mn, Fe, Ni, Cu, Zn, and Cd) is quite similar between the two concentration tests (Conc.1 and Conc.2), as indicated by this value, which shows an almost perfect positive linear relationship. This suggests that the distribution of metals in flesh and peel is quite comparable. Iron is one example of a metal that is typically present in the flesh when it is discovered in high concentrations in the peel. This implies that these two components might be equally vulnerable to external contamination sources or have comparable nutrition transport mechanisms.Parts of peel or flesh that are chemically similar in terms of their heavy metal content, with iron and manganese predominating.
Table 4.8. Table of Relationships of Heavy Metals

	Metal Pair
	Correlation (r) 
	Strength
	Statistical Interpretation

	Fe – Cr
	0.82
	Strong
	Common translocations to the flesh.

	Cu – Zn
	0.35
	Moderate
	Vital nutrient with independent roles.

	Pb – Ni


	0.99
	Very Strong
	identical uptake.

	Mn – Cd
	0.95
	Very Strong
	Similar accumulations in the external peel.


Regarding the correlations between the heavy metals in the pumpkin sample, iron and chromium clearly show a pattern, particularly in the pulp, where both reach their maximum concentrations in comparison to other regions. This suggests that the fruit's edible portion shares a translocation mechanism. Moderate to low correlation. However, there is little correlation between zinc (which is necessary) and lead (which is harmful) (r<0.30). Zn is more prevalent in the seed, but Pb is more prevalent in the peel. This implies that pumpkin controls vital minerals, such as zinc, in a different way than harmful pollutants. 
Chapter Five
5. Conclusion and Recommendations
5.1. Conclusion 

The following broad conclusions can be made based on the analytical results of pumpkin samples from Sanbitu Kebele in 2025:
· The metals are not evenly distributed throughout the pumpkin. In this instance, the peel is a significant source of hazardous heavy metals (Pb, Ni, Cd, and Mn), perhaps as a result of its function in preventing environmental contamination. Conversely, the seed serves as a storehouse for vital microelements like copper (Cu) and zinc (Zn).
· The pulp and seeds of pumpkin are rich in iron (Fe) and zinc (Zn), which can help address the problem of mineral deficiency (anemia) in the local population because of having high nutritional value.
· The levels of lead (Pb) and chromium (Cr) in edible pulp (4,679 mg/L and 4,437 mg/L, respectively) exceed the international safety limits established by FAO/WHO. This is may be due to the presence of phosphate fertilizer and improper waste management.
· The Risk Ratio (CRT) is greater than 1.0 and the Cumulative Risk Index (CRI) for all metals is greater than the combined safety limit. This indicates that the daily consumption of these dried fruits supposes a high risk of serious health problems, especially neurological damage and related to lead.
· The high content of iron in the pulp (733.85 mg/L) far exceeds the Recommended Dietary Ingestion (RDI), which can cause adverse effects associated with iron toxicity (hemochromatosis) if consumed in large quantities.
· In general, the statistical analysis confirms that the vegetable part is the most important element in the accumulation of iron. The most solid correlation between toxic metals (Pb, Ni, Cd) present in the pulp of Sanbitu Kebele pumpkin is that the outer part of the cucumber is affected by environmental pollution, while the pulp only accumulates iron and chromium.
5.2. Recommendations

· The high levels of heavy metals in the Sanbitu Kebele indicate that the soil might be contaminated, possibly by sources such as agricultural chemical products or local waste.

· Monitoring of the concentration of soil and water in the region is essential to identify the source of contamination and guarantee the community's food security.

· It is highly suggested to peel the pumpkin before eating it to reduce the intake of the toxicity of lead and nickel.

· While the pumpkin is a rich source of essential minerals, the existing levels of lead and chromium make it unsafe for repetitive consumption without treatment for pollution of environment.
· Future researchers should perform a paired analysis of the soil where the pumpkins were grown. Moreover, conduct a comparative study between pumpkins harvested during the Meher (main) and Belg (short) seasons.
· Expand the sampling grid to include more Kebele across the Bale Zone and compare different pumpkin varieties (local vs. improved seeds).
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Horticoop Ethiopia (Horticulture) PLC Soil, Water and Plant Analysis Laboratory

Laboratory Test Report
Test Overview

Customer: Fikadu Regasa Tel: +25192 094 1736

Adress: Bale Country: Ethiopia
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	Lab Code
	Description
	Concentration
	Pb
	Cr
	Mn
	Fe
	Ni
	Cu
	Zn
	Cd

	
	
	
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L

	25H 2313
	Peel (a)
	Conc.1
	7.179
	3.526
	68.191
	485.637
	7.571
	0.947
	27.064
	0.178

	25H 2313'
	Peel (b)
	Conc.2
	7.279
	3.935
	69.483
	529.148
	7.667
	0.896
	28.226
	0.159

	Mean
	7.229
	3.731
	68.837
	507.393
	7.619
	0.922
	27.645
	0.169

	Stdv.
	0.071
	0.289
	0.914
	30.767
	0.068
	0.036
	0.822
	0.013

	25H 2314
	Seed (a)
	Conc.1
	2.202
	1.524
	18.881
	44.909
	1.622
	1.071
	37.068
	< 0.001

	25H 2314'
	Seed (b)
	Conc.2
	1.792
	2.718
	18.410
	59.395
	1.761
	1.051
	37.184
	< 0.001

	Mean
	1.997
	2.121
	18.646
	52.152
	1.692
	1.061
	37.126
	< 0.001

	Stdv.
	0.290
	0.844
	0.333
	10.243
	0.098
	0.014
	0.082
	-

	25H 2315
	Flesh (a)
	Conc.1
	4.920
	4.846
	15.215
	831.194
	2.310
	< 0.001
	23.750
	0.082

	25H 2315'
	Flesh (b)
	Conc.2
	4.438
	4.027
	12.782
	636.512
	2.283
	< 0.001
	23.030
	0.074

	Mean
	4.679
	4.437
	13.999
	733.853
	2.297
	< 0.001
	23.390
	0.078

	Stdv.
	0.341
	0.579
	1.720
	137.661
	0.019
	-
	0.509
	0.006


	Parametrs
	Applied Standard

	All Metals
	ICP-OES Determination
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This test report cannot be reproduced without written endorsement of Horticoop. Results only relay to the verified items. Investigation is directed and thoughts are only given providing that the essential distances every right to accountability. Evidence on the practical approaches and performance features or general situations can be obtained on demand.
T: +251 11 652 55 89 P.O.BOX: 1646 Debere Zeit, Ethiopia E-mail: Laboratory.horticoop@gmail.c[image: image6.png]
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