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ABSTRACT

Rivers are the most vital freshwater resources in the world. In Dar es Salaam city, anthropogenic activity stresses the quantity and quality of water resources especially in heavy metal levels. The heavy metals contamination of rivers, soil and hence consumable food materials remains a global threat to biodiversity and humans. This study was carried out to assess the heavy metals contamination in Mpiji River water, soil and pumpkin, which are irrigated with respective river water. Selected heavy metals (Cd, Cu, Fe, Pb and Zn) were analyzed using an inductively-coupled plasma optical emission spectrometer after HNO3/HCl/H2O (1:2:3) digestion. The mean concentration of cadmium (Cd) at sampling sites ranges from < 0.001 - 0.03 mg/kg (pumpkin), < 0.001 – 0.04 mg/L (river water) and < 0.001 – 0.06 mg/kg (sediment) while quantity of zinc was detected in ranges from 0.02 – 0.07 mg/L, 2.86 – 2.97 mg/kg and 41.07 – 45.63 mg/kg in water, sediment and pumpkin seeds respectively. The allowable limits for Lead in food by WHO and TZS is 0.01mg/kg and 0.05mg/kg respectively. Two samples (0.1mg/kg and 0.14mg/kg) of pumpkin seeds deviated from the allowable limits. All Iron values in pumpkin seeds, water and soil deviated from the allowable limits by WHO and TZS. Three samples of pumpkin seeds deviated from the allowable limits for Zinc. So continued uses of products contaminated with such heavy metals could be significant sources of human exposure and may be linked with harmful effects. Therefore, recommends there must be regular monitoring of heavy metals in sediment, river water and foodstuffs to prevent excessive accrual in food chain.
Keywords: Heavy metals, contamination, food chain, fruit seeds, consumption habit
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CHAPTER ONE

INTRODUCTION AND BACKGROUND OF THE STUDY
1.1
Overview
In today economic world, human activities have been polluting water and soil. These activities include but not limited to domestic works, garage works, house building, military training and mining. Apart from human activities natural minerals, gas and oil in the ground can be potential cause of water and soil pollution, which further introduces toxic wastes in the food chain (Afrin, et al., 2015; Rahemel, et al., 2018). 

There is large amount of waste materials, chemicals or effluents that are introduced into the environment through several sources including discharge into water bodies (Paivoke, 2002). Some of these substances contain toxic heavy metals such as cadmium, lead, copper and arsenic, which are known to be toxic with no beneficial effects to man and wildlife (Tyler, 1981). Heavy metals have the ability to accumulate in living organisms and at elevated levels they can be toxic to living organisms. They are the major potential agent of the negative impact in human health. Several health studies have reported significant progressive deterioration of people’s health due to heavy metals (Afrin, et al., 2015; Hazrat, et al., 2019.

Heavy metals can persist for an indefinite period within the environment and therefore pose a threat to living organisms at the emission site and even at far distance (Regassa and Chandravanshi, 2015). They have high bio-accumulative potential. They can be transported to far distance by water, air and human transportation activities (Malan, et al., 2015). Once heavy metals are introduced into the environment they cannot be biodegraded and remain available in water, soil and air for plant absorption (Clarkson, 2002; Bozhinova, 2016). Plants play big part in removal and remediation (known as Phytoremediation) of Heavy metals from polluted soil, water and air. 

Some of the Heavy metals are important to the health of human as trace element (essential metals), but they can cause deadly effect at higher concentration due to the formation of complex compound within the cells of the body. Abbasi et al., (1998) argued that in the context of food crops, large accumulation of essential metals is toxic as little accumulation of non-essential metals to human. Both essential and non-essential metals accumulate in the plants, which are planted in the polluted soil and/or watered by polluted water. Non-essential Heavy metals which have received serious concern due to their tremendous health effect to humans are Cadmium (Cd), Lead (Pb), Arsenic (As) and Mercury (Hg). They can enter in the water system by weathering and erosion, geological, agricultural activities, mining and industrial processes and sewages (Rahemel, et al., 2018). For many centuries Pb has been used as pigment on ceramics, in welding pipes used for water transport and in various building material (Bozhinova, 2016). 
According to Khan and Ghouri (2011) harmful heavy metals like Pb, Mn and as continue to pose environmental challenges in both developed and developing countries. FAO (2015) also reported that heavy metals in the environment are the world problem since they contribute in the deterioration of health in general. Elzwayie, et, al., (2017) argued that environmental pollution with heavy metals is the cause of many diseases. Contamination of food stuff with environmental heavy metals arousing public awareness; excessive level of heavy metals in the food crops have been reported in different places by researchers to negatively affect animal and human health (Malan, et al., 2015; Minhaz, et al., 2019). WHO reported on 2018 that there more than twenty million children in the world suffering from disease, which caused by environmental pollution, and the number is still increasing. These include but not limited to acute respiratory infections, worms, abdominal pain, diarrhoea, cholera, and bilharzia.
More than one billion and five hundred million people in the World do not have safe drinking water (WHO, 2018). This has been mainly because of industrial, mining and agricultural chemicals disposed in the soils and water. Besante, et al., (2011) reported Cadimium contaminated water as one of the main factors causing health hazards to African. Pollution of water bodies in Africa has raised serious concern to the environmentalists and health officers for many years (Elzwayie, et, al., 2017; Hazrat, et al., 2019). A study by Rao et al., (2015) explained that the increased use of motorcycles, increase in number of aging automobile use, the increased use of industrial manufactured fertilizers in agriculture, uncontrolled sewerage facilities and landfill are the reasons for the Heavy metals in soil and water within developing economic settings of Africa. 

United Nations Environment Programme (UNEP, 2017) has reported that rivers which flow through the East African cities like Nairobi, Kampala, Mwanza and Dar es Salaam are faced with incidence of increased solid wastes, decrease of aquatic life and high turbidity from discharge of sewages. The report of UNEP warned on the possible heavy metals contamination on the plants irrigated by the rivers, which flow through or nearby the big cities of East Africa. Low awareness of environmental protection and low enforcement of the environmental laws coupled by low capacity of the environmental management authorities in terms of technology, personnel and financial resource has left African rivers in deplorable situation (Besante, et al., 2011). 

A study conducted by Caroline and Linnea (2014) reported that the quality of Mlalakuwa and Msimbazi rivers which flow through the city of Dar es Salaam has been deteriorating and the government have not put enough efforts to protect quality of water in these rivers. The rivers are badly kept and their banks have been turned into informal disposal sites for domestic and municipal wastes and sewage systems draining into them (Koleleni and Mbike, 2018). 
There is lack of monitoring information on amount of heavy metals released from each industry in the country, hence are released unmonitored and enters the water rivers including Mpiji River. Some estimates of Heavy metals produced in the country have been made, but the accuracy of the estimates is doubted and almost certainly underestimated. The river water if contaminated with heavy metals and used for irrigation can contaminate the soil and hence the plants absorb the contaminants containing heavy metals through the roots and as a result they accumulate in the plants including the fruits and the seeds.
These contaminants to the fruits and hence to fruit seeds cannot be underestimated as these foodstuffs are important components of human diet. However, the intake of heavy metal-contaminated fruit seeds may pose a risk to human health; hence the heavy metal contamination of food is one of the most important aspects of food quality assurance (Radwan, and Salama, 2006).

Most of tropical fruits such as watermelon, papaya, guava, pineapple, mango and durian are consumed in the fresh form. They are generally well-known for their nutritional values, which include vitamins and carbohydrates. On the other hand, fruits are extensively identified as good source of a healthy diet and adequate use could help

to reduce a wide range of diseases like forms of cancer, stroke, heart disease and other chronic diseases (Craig and Beck, 1999; Goldberg, 2003). 

Fruits are normally processed into end products such as jams, jellies, juices, pickles, and food flavors. It is commonly known that the fruit processing sector usually generates a large amount of seeds as wastes. In the past, investigations were undertaken to explore their potential uses in food applications due to their high nutritional value. There are a number of literatures dealt with chemical and nutritional characteristics of fruits about like seed varieties, mineral nutrients, edibility and stability of their oils (Soha, et al., 2010; Aravind, et al., 2003; Yanty, 2007). For instance, pumpkin seeds were reported to contain higher levels of potent phytochemicals, such as sterols, with a great promise for immunomodulation, reproductive health, as well as therapeutic effect over a range of disease. 
Other studies, shows the intake of the whole extract of pumpkin seed is highly correlated with the reduced benign prostate hyperplasia-associated symptoms (Nwokolo and Sim, 1987; Stevenson, et al., 2007; Glew, et al., 2006). The capability of pumpkin seed as a stimulator of sexual desire has also been demonstrated in a number of studies (Gundidza, et al., 2009). Despite the mentioned health benefits, pumpkin seed oil has been shown to exhibit anti-microbial activity; hence, it is well-suited for improving nutritional benefits in food formulations (Nwokolo and Sim, 1987). The quality of fruits and seeds is spoiled by the contamination of toxic heavy metals. They are generally not biodegradable, have long biological half-lives, and have the potential for accumulation in different body organs, leading to unwanted side effects. 

Plants take up heavy metals by absorbing them from airborne deposits on the parts of the plants exposed to the air from the polluted environments as well as from contaminated soils through root systems. Also, the heavy metal contamination of fruit and vegetables may occur due to their irrigation with contaminated water.

These heavy metals are a potential human health concern when concentrations are at high levels in soils.  Heavy metals may be harmful to humans through ingestion of edible plants containing them through normal uptake, ingestion of plants splashed with contaminated soil or by accidental direct ingestion of soil usually by children. Based on their persistence and cumulative behavior as well as the probability of potential toxicity effects, the absorption of heavy metals in human diets as a result of the consumption of fruit seeds means that there is a requirement for the analysis of food items to ensure that the levels of trace heavy metals meet the agreed international standards. This is particularly important for farm products from parts of the world where only limited data on the heavy metal content are available. 
Knowledge of the contamination of fruit seeds with heavy metals from the Dar es Salaam city has not yet been established; therefore, the present study was undertaken with the aim to compare and investigate the concentration of some specific heavy metals (Pb, Cd, Zn, Cu, and Fe) found in some pumpkin seeds which has gained popularity to most people from this region.

Africa is well known continent for its rich fruit diversity with over 700 different species distributed in its diverse ecosystem (Mal, 2010). It has been reported that more than 70 different species of major and minor fruits are presently grown in the region, along with some other promising exotic tropical fruits (Mal, 2010). However, there are only about 25 species (papaya, banana, mango, pineapple, citrus, jackfruit, passion fruit and pumpkins), which are better known for large scale commercial cultivation. 

Many scholars find out means of utilization of the fruit seeds, which concurrently helps to deal with waste disposal problem, which causes environmental pollution as well as nutritive content of the seeds. For instance, papaya seeds have been used for decades as a vermi-fungal agent as well as a spicy flavoring substance. Owing to their abortive properties, they were also used as folk medicine to facilitate a good menstrual flow (Malacrida, 2011). 

1.1.1
Consumption of Pumpkin Fruit and Seeds

The fruit is popularly consumed as a vegetable since it is composed of several macro and micro-nutrients useful for human health. The orange flesh of this fruit is usually covered by moderately hard rind, which even can be used for preparation of soup, purees, jams, etc. The central cavity of the pumpkin fruit consists of numerous seeds, which are flat, oval in shape, and light green in color (Fruhwirth and Hermetter, 2007).
Pharmacological activities such as ant diabetic, antifungal, antibacterial and ant They have been consumed as food in different societies where they are prepared and eaten in various forms like raw and unshelled, raw and shelled, roasted unshelled and roasted and shelled. Lim (2012) mentioned that pumpkin seeds have high nutritional value, provide good quality oil and excellent source of protein and have anti-inflammatory activities and antioxidant effects.

The pumpkin seeds being a food rich in oil and protein, they are also consumed in significant amounts in many tropical countries as a snack in the form of roasted seeds, rather than a source for oil extraction (Soha, et al., 2010). There are a number of reports on the chemical and nutritional characteristics of various pumpkin seed varieties as well as the edibility and stability of their oils. For instance, pumpkin seeds were reported to contain higher levels of potent phytochemicals, such as sterols, with a great promise for immunomodulation, reproductive health, as well as therapeutic effect over a range of disease conditions (Soha, et al., 2010). Other studies indicated that the intake of the whole extract of pumpkin seed is highly correlated with the reduced benign prostate hyperplasia-associated symptoms (Stevenson, et al., 2007). Due to the fact that pumpkin seed oil has been found to possess a significant amount of vitamin E (tocopherol), this leads the pumpkin seed as a potential stimulator of sexual desire (Gundidza, et al., 2009).

Due to these human benefits, there is an exponential increase of people consuming pumpkin seeds in Tanzania and many other countries, either as raw as they are or as flour. However there is no research, which has been done on heavy metal contamination to the seeds of pumpkins. The uptake of heavy metals in pumpkin seeds can be inﬂuenced by many factors including climate, atmospheric depositions, the concentrations of heavy metals in soil, the nature of soil on which the pumpkin are grown and the degree of maturity of the plants at the time of harvest (Lake et al., 1984; Scott et al., 1996). Therefore, it is the intention of this study to determine the levels of contamination of pumping seeds with few selected heavy metals (Cu, Fe, Zn, Pb, Cd and As) so as to determine the potential risk to consumers.
1.2
Statement of Problem

Like other countries, the aim of Tanzania is to achieve an effective and efficient management system of water resources that guarantee sustainable development of irrigation and aquaculture activities. Sustainable management of water resources promises availability of unpolluted food crops (Amour, 2014). Nevertheless, management of water resources in Tanzania still faces challenges. As the results, harmful heavy metals have been contaminated in the water bodies and eventually enter in the food chain, reduced ecosystem resilience and cause health problems. 

There is remarkable deterioration of quality of water in many Tanzania Rivers following sluggish economy and increase of slum settlements along the banks of the rivers. Caroline and Linnea (2014) reported that majority of slum settlements particularly those located next to the river banks do not have proper sanitation facilities, hence pollute the river streams. 
This has lead to the communities living downstream of the rivers and those indeed visit the river to face health problems. The National Environment Management Council of Tanzania (NEMC, 2016) declared that the problem of water resource pollution in Tanzania is constantly growing following limited technological and financial resources to rescue the polluted rivers and educate citizen why and how they can protect rivers from contamination.
Mpiji River serves as the source of water for domestic and irrigation for people living nearby this river. Rapid urbanization, industrialization and urban agriculture spurred by increase of population have been contributing to the pollutant of this river. The industrial, domestic and agricultural activities produce vast amount of heavy metals which discharge in the rivers due to improperly designed facilities and landfill sites. 
This proposed study will bridge the gap of knowledge concerning abundance of heavy metals in the water stream and soil of the banks of Mpiji River. The study will be conducted at the sites were people plants pumpkins along this river. This is due to the fact that the impact of the toxic substances to human is from the plants planted in the polluted soil.

1.3
General Objective

The general objective of the study is to analyse composition of heavy metals in the river water, soil and in pumpkin seeds along river Mpiji. . 

1.3.1
Specific Objectives

(i) To analyse heavy metals Cu, Fe, Zn, Pb and Cd pollution in the water of Mpiji River.

(ii) To analyse heavy metals Cu, Fe, Zn, Pb, and Cd pollution in the soil along the banks of river Mpiji

(iii) To determine relative abundance of deposited heavy metals Cu, Fe, Zn, Pb, and Cd in the pumpkin seeds grown along the banks of river Mpiji.
1.4
Study Questions

The study will have to answer the following questions

(i) What is the pollution level of heavy metals in water of river Mpiji?

(ii) What is the pollution level of heavy metals in the soil along the banks of River Mpiji?

(iii) What is the relative abundance of deposited heavy metals in the pumpkin seeds grown along the banks of River Mpiji?

1.5
Scope of the Study

Kothari, (2004) stated that Scope of the study is the limit that researcher needs to go through while conducting the research in order to make decision. The proposed study is about heavy metals contamination in pumpkin seeds. More than thirty heavy metals have been reported but four of them have been highly concerned in the protection of environment and health of human. The four metals namely Arsenic (As), Mercury (Hg), Cadmium (Cd), and Lead (Pb) can cause dangerous effect to the environment and human health even at low concentration (The Agency for Toxic Substances and Disease Registry, ATSDR, 2011). However, metals like copper (Cu), Iron (Fe) and Zinc (Zn) are very dangerous at high concentration. 
The present study will focus on the presence of five heavy metals; copper (Cu), Iron (Fe), Zinc (Zn), Lead (Pb) and Cadmium (Cd) on the water and soil of Mpiji river as well as in pumpkin seeds grown along the soil of river Mpiji where it pours its water. Amount of heavy metals that will be recorded from the water stream and soil will be compared by the recommended upper limits by WHO   and TZ STD (TBS).

1.6
Significant of the Study

The study will help environmentalists as well as public health personnel and activists to know the extent to which rivers that flow near by the city of Dar es Salaam (specifically Mpiji River) have been contaminated with heavy metals. This will help them in their process of planning for water resource management.
Based on study findings policy makers will get some clues on how they will update their policies pertaining to environment management, agriculture and food in the country. The study also will form bases for other future researchers who will want to conduct studies on heavy metals and chemical elements in food crops grown along the banks of the rivers.

1.7
Organization of the Study

The study will be organized into five chapters excluding the appendices and the bibliography. 

Chapter one: will consist of introduction, background, statement of problem, research objectives and questions, scope of the study and significance of the study.

Chapter two: this chapter will present literature review of the study, whereas different concepts and available literature materials concerning heavy metal contents of soil and waters-body will be presented. The chapter also will present conceptual framework of the study to show how the key issues are interacted in the study.
Chapter three: will involve research methodology, wherein, I will discuss the type of study I undertook and why - chose it. The chapter will consist of research approach, strategy, design, study area, sample design and laboratory procedures to be taken and data analysis 

Chapter four: will present the findings of the study, analysis and discussion of the findings, so that to lead the researcher to the conclusion of the study. 

Chapter five: will present conclusion and recommendation, policy implications and directions for future research. 

CHAPTER TWO

LITERATURE REVIEW

2.1
Introduction 

In this chapter the study reports on major research findings of different researchers in and outside Tanzania concerning heavy metals in the soil and water-body, particularly rivers. Also the chapter will carry conceptual framework of the study, which shows how study variable relate to each other. 

2.2
Metals

Metals can be defined as the elements that allow electric current to pass through by conduction. They are malleable and ductile, they have basic oxides and they can form cations (Atkins and Jones, 1997 cited in Kamau, 2012). Metals are subdivided in to different classes based on their properties. Different terminologies often used to classify groups of metals in physical, biological (essential and non-essential) and environmental (light and heavy) studies (Gebrekidan et al., 2013). Jarup (2018) mentioned that although metals can be classified but there are certain limitations in classifying them since their properties overlap and make classification inexact and arbitrary. In environmental terms, the term Heavy Metal entail high density metal and Light Metal entail low density metal. Heavy Metal (HM) means a metallic element of high density. This term is often used with implication of toxicity and pollution in the environment (Jarup, 2018).  
2.2.1
Source of Heavy Metals in Soil and Water

Pollution of soil and water by Heavy metals is a worldwide problem. Malan, et al., (2015) noted that every country in the world has experienced soil and water pollution but severity of pollution is different from the country to country. In the past decades, the problem of Heavy metals in the soil and water was much in developed countries than in developing countries due to the industrialization in those developed countries. McGrath et al., (2001) cited in Jarup (2018) reported that in early 1900 more than 7,400,000 hectors in Western europe were affected by heavy metals but in late 1990 about 1,300,000 hectors were reported to contain significant amount of Heavy metals. Similarly, McGrath et al., (2001) noted that status of heavy metals in United State of America alone in late 1990 was 1,100,000 hectors affected and in African it was more than 700,000 hector.

Table 2.1: Sources of Heavy Metals

	Heavy metal
	Sources

	Cd
	Metal smelting and refinery, geogenic sources, anthropogenic activities, application of phosphate fertilizers, fossil fuel burning, sewage sludge (Zhuang and Wang, 2000; Abbasi et al., 1998)

	As
	Petroleum refining, animal feed additives, herbicides, semiconductors, wood preservatives, mining, coal power plants, volcanoes and smelting (Rahemel, et al., 2018)

	Cr
	Solid waste, electroplating industry, tanneries, sludge (Mileusnic, et al., 2014)

	Cu
	Mining, smelting and refining, Electroplating industry, bio-solids (Rahemel, et al., 2018)

	Se
	Combustion of fossil fuels, chemical synthesis (e.g., formulation, pigment, varnish), oil refining, Coal mining, glass manufacturing industry (Jarup, 2018) 

	Hg
	Forest fire, volcano eruptions, wood burning, coal, and emissions from industries producing caustic soda (Malan, et al., 2015;Jarup, 2018)

	Pb
	Industrial wastes that contain Pb, burning of leaded gasoline, paints, mining, municipal sewage (Rahemel, et al., 2018)

	Zn
	Bio-solids, Smelting and refining, electroplating industry, mining (Bozhinova, 2016)

	Ni
	Forest fire, geological materials, weathering of soils, land fill, volcanic eruptions, bubble bursting and gas exchange in ocean (Rahemel, et al., 2018)


Today, pollution of soil and water with heavy metals in Africa and other developing countries is very high and the problem is still increasing following increase of mining activities (oil, coal, mercury and other valuable elements), human population which increase domestic wastes and increase use of chemicals in the industries. Malan, et al., (2015) mentioned that small industrial unities in developing countries pour their untreated waste matters on the surface of the land and in the water bodies which enter to the nearby agriculture fields.  

Printing industries and cement industries release to the ecosystem toxic heavy metals such as Zink, Lead, and Cadmium. Leather tanning industries are the sources of Arsenic and Chromium to the environment (Rao et al., 2015). The largest carriers of those harmful elements are the river networks; therefore these metals are transported to thousands of kilometers in relative short period of time along hydrological gradient. Plants absorb significant amount of Heavy metals from the rivers and polluted water table (Kabata-Pendias, 2001 cited in Besante, et al., 2011). Heavy metals which have been reported in the polluted sites are Hg, Ni, Cr, Pb, Cd, Cu, As and Zn. The sources of different Heavy metals have been listed in the Table 2.1.

The concentration of these heavy metals varies from site to site depending on the source of pollutants. Excessive absorption of Heavy metals by plants introduces toxic in the human nutrition, which eventually led to the acute and chronic diseases. For instance, excessive intake of Zn and Cd can cause respiratory, kidney and brain damages, acute heart problems and acute gastrointestinal problems. However, these metals tend to have adverse effects to the plant too. They negatively affect growth of the plant and even cause death of plants following interference to the biological and physiological functions of the plants (Schwartz, et al., 2003 cited in Bozhinova, 2016).  

2.3
Effects of Heavy Metals
2.3.1
Effect of Heavy Metals on Plants
There several studies have studied occurrence of heavy metals in the plants in different places all over the world (Ayeni, et al., 2011;  Kamau, 2016; Koleleni and Mbike, 2018). Little amount of some Heavy metals (Zn, Fe) is required for the growth and development of the plant; excessive amount is dangerous for the growth of plan because metabolic activities of the plant will be affected. However, some heavy metals (i.e. Cd, Pb, As, Hg) do not have any know uses in the plant and they can be accumulated in the plant and cause poisonous symptoms to the plant itself and to the animal and human in the food chain (Mileusnic, et al., 2014). 

Stankovic et al., (2014) reported that surplus amount of Cd causes several toxic effects in plants; these include induction and inhibition of enzymes, inhibition of photosynthesis, growth retardation, cause generation of free radicals and alter efflux of cations. Saleem, et al., (2016) reported Pb in the soil cause blackening of root system, chlorosis and stunted growth. On the same vein Sharma and Dubey (2005) reported excessive amount of lead was inhibiting photosynthesis, changes plant hormonal status, disturbs mineral nutrition of the plant, and disturbs water balance within the plant by changing permeability and structure of membrane. Chromium at little concentration of 100 μM/kg is toxic to many plants; it affects growth and development of the roots, stems and leaves. It affects germination process of the plants, which tend to affect the yield ability of the farmers.

The uptakes of heavy metals by plant is regulated by root exudation capacity to the given metal, size of metal particles, cation exchange capacity of the soil, pH of the soil, and other chemical, physical and biological parameters (Koleleni and Mbike, 2018). Similarly, the level of toxicity of Heavy metals to the plant depends on the several factors such as period of exposure, amount of Heavy metals available and their presented chemical forms in the soil (for example, toxicity of Cr to the plant is determined by its valence in which Cr (IV) is less toxic compare to Cr (III) (Mileusnic, et al., 2014; Saleem, et. al., 2016). 

Relationship between heavy metals and plants is categorized in to three groups namely the accumulators, the indicators and the excluders. Accumulator plants are the plants that tend to absorb and retain excessive amount of metal in one of its part, which is above the root in comparison to concentration of metal present in the soil. Most of accumulator plants are the C4 plants (i.e. pumpkin species), they are able to resist or tolerate certain level of toxic effects caused by Heavy metals. Indicator plants are the one that show a response to amount of metal in the soil. Excluder plants tend to limit Heavy metals transport to shoot and accumulate low amount of these metals to the shoot compare to the amount of the same metals in the soil (Kim, 2012; Saleem, et. al., 2016). There is group of accumulator plants known as hyper-accumulators, which have ability to hold more than 1000 ug/g. They have developed surprisingly strategies for reduce effects of accumulation of high amount of heavy metals (Qureshimatva, et al., 2015). Plant tolerance to heavy metals is evaluated using different methods. Bio-concentration factor describes the accumulation level of chemical elements in plants and is derived by the ratio of the amount of metal in the plant and the total amount in the soil. 
Another index is the translocation factor, which is the ratio between the metal concentration in the plant and the amount of the metal in the soil that is mobile (Minkinaet al., 2012). Transfer factor is an important parameter that describes the bioavailability of an element at a specific part of a plant species. It is the ratio of the metal concentration in the edible part and the total metal levels in the soil (Gebrekidanet al., 2013). The effectiveness of diverse plants species in absorbing the heavy metals can be assessed by either soil to plant transfer factors or plant uptake of the heavy metals (Wang, et al., 2012).

2.3.2
Health Effects of Some Heavy Metals to Human
Cadmium 

Cadmium sources vary considerably, however the diet is the main source of cadmium exposure in the general nonsmoking population. Cadmium is present in virtually all foods, but the concentrations vary to a great extent, depending on the type of food (Jorhem L, et al 1993). Cadmium effects to human health have been established. According to Jurup et al, 2018 the current knowledge, renal tubular damage, human and animal skeletal damage (osteoporosis), cancer (category I), decreased birth weight to smoking mothers may be critical effect of cadmium exposure. Md. Mostafizur et al., (2017), Cell viability and DNA fragmentation assays in PC12 cells exposed to Cd2+ and/or Zn2+ revealed that Cd2+ (5 and 10 μmol/L) alone induced significant cell death and that Assessment of intracellular free sulfhydryl levels and lactate dehydrogenase activity suggested that Cd2+ (10μmol/L) induced oxidative stress and disrupted cell membrane integrity. A review by D. F. Flick et al (1971) experimental evidence obtained under controlled laboratory conditions suggests that cadmium may function in or may be an etiological factor for various pathological processes including testicular tumors, renal dysfunction, hypertension, arteriosclerosis, growth inhibition, chronic diseases of old age, and cancer.

Gunnar F. et al (2018) stated that, there is no doubt that tubular dysfunction of the kidneys with low molecular mass (LMM) proteinuria is a well-established effect, induced in both animals and in humans as a result of long term cadmium exposure. When the cadmium-induced LMM proteinuria exceeds the normal range in a population group, it is related to an increased mortality in renal and cardiovascular diseases.
Lead 

Lead is considered as one of the most hazards and cumulative environmental pollutants that affect all biological systems through exposure to air, water, and food sources. Exposure to lead is considered to be detrimental and associated with behavioral abnormalities, hearing deficits, neuromuscular weakness, and impaired cognitive functions in humans and experimental animals (Mohammed A. et al 2016). He further explained that, one of the main effects of lead toxicity in the hematopoietic system involves impairment of the Hb synthesis pathway through disrupted expression of genes encoding δ-ALAD, ferrochelatase, and ALAS. Bikash Debnath, et al (2019) his study pointed out the lead effects that include; Neurologic toxicity, Cardiovascular toxicity, Hematologic toxicity, Nephrotoxicity, Reproductive toxicity, Bone toxicity and Toxicity in human cells. 

Iron 

Several studies have pointed out the effects of Iron in the human body. According to the study by J. Scott Gabrielsen, et al (2018) Iron overload diseases are associated with hypogonadotropic hypogonadism, infertility and sexual dysfunction in men. 

Bo Lönnerdal; 2017 reported that, the effects of excess iron intake include decreased growth (both linear growth and weight), increased illness (usually diarrhea), interactions with other trace elements such as copper and zinc, altered gut microbiota to more pathogenic bacteria, increased inflammatory markers, and impaired cognitive and motor development. 

2.4
Empirical Review

This section presents the findings of various studies conducted by different researcher across the world on the related subject. 

2.4.1
Heavy Metals Pollution in the Soil and River Water

Solberg (2009) assessed composition of Hg in the water and soil samples as well as plants grown along the mentioned rivers at the sequential intervals of 10km from the tailing pond of mercury. Concentration of Hg in soil and water at the first 10km to the lost point was noted to range from 3.28 to 0.4 ug per g and from 6.49 to 8.79 ug per g respectively. The highest concentration of Hg was reported in the plants grown along the mentioned river. Concentration in the plant ranged from 217.35 to 53.04 ug per g. The study concluded that there was poor management of wastes in the Hg mining site.

Dadzie (2012) assessed composition of heavy metals concentration in downstream (after cross Accra Metropolitan) was very high comparing to the concentration upstream before cross Accra Metropolitan. Concentration of Cd, Hg, Pb, As in the downstream was 0.005mg/l, 0.026mg/l, 0.958 mg/l and 0.027mg/l respectively. 
Meanwhile concentrations of the same metals upstream were 0.002mg/l for mercury, 0.394mg/l for lead and 0.010mg/l for arsenic while cadmium was not detected. The study concluded that concentration of heavy metals in downstream exceeded WHO accepted limit. This was caused by discharge of urban wastes in the water streams. Therefore, the study wanted Accra Metropolitan to monitor quality of all seepages which discharge waste water in the river Densu. 

There is the study conducted in Samburu County of Kenya by Salano (2013). The study aimed at addressing conflict between pastoralists and soldiers. Cattle rusting were the reason of conflicts between pastoralist and soldiers of which, pastoralist accused soldiers for polluting their grazing ground through military training activities that could associate with serious use of ammunition. The heavy metals tested were Cr, Cd, Mn, Pb and Zn. The mean levels of Cr, Cd, Mn, Zn and Pb in the water from grazing area were 0.040±0.010, 0.004±0.001, 0.050±0.010, 0.040±0.010 0.230±0.050 mg/l respectively. The mean levels of Cr, Cd, Mn, Zn and Pb in mg/Kg in the soil from grazing area were 2.65±0.30, 0.60±0.14, 17.44±1.02, 376.35±46.64, and 55.33±5.93 respectively. The mean levels of Cr, Cd, Mn, Zn and Pb in the water from resident area were 0.030±0.010, 0.003±0.001, 0.040±0.010, 0.030±0.010, and 0.052±0.010 mg/l. The mean levels of Cr, Cd, Mn, Zn and Pb in the soil from resident area were 0.050±0.010, 0.010±0.000, 0.080±0.010, 0.050±0.010 and 0.130±0.080 mg/Kg respectively. The study proved that military activities were significantly causing water pollution in the grazing land.  

Omondi et al, 2012studied amount of heay metal pollution in the Nzoia River which path located in Kisumu, Kenya. Water in this river was used for irrigation, animal drinking and domestic purposes as well as recreation activities. Concentration of heavy meatal in sedimentary was increasing downstream, of which the mean concentrations in mg/kg were as follow:- As=12, Pb=18, Zn=70, Cr=205, V=275, Ni=390, Cu=325, Mn=1340 and Fe=5.5%. The study concluded that the mean concentration of Cu, Mn, Cr, Ni, and Fe were above recommended United States Environmental Protection Agency (USEPA) guidline.  Concentrations of these metals in water sample were also above recommended USEPA except for copper. The study added that over reliance on industrial manufactured fertilizers to improve agriculture yield together with discharge of industrial waste products has resulted to an increase amount of heavy metal pollutants in this river.
Akoteyon et al. (2017) examined heavy metal contamination in the green vegetables planted few meters from the popular landfill sites in Lagos, Nigeria. He concluded that the leachates from the landfill had impacted to the soil and ground water resources for the distance of about 300 meters from the landfill. The study called for the proper monitoring of the landfill together with proper practice of urban farming. Sarpong et al. (2019) analyzed spatial distribution of concentration of cadmium, lead and arsenic in river Subin, in Kumas Ghana. All these metals were found at high level in the water samples obtained. They were all above acceptable amount proposed by WHO for domestic water utilization and irrigation.
2.4.2
Heavy Metal Pollution in the Riverside Plants

Ayeni, et al., (2011) conducted a study on analysis heavy metal in the pumpkin (Cucurbita palmate) fruits and concentration of chlorophyll in the leave. Four sites along the banks of the lower Deep River were selected. Deposition of heavy metal in the pumpkin fruits was in the following order Cr < Ni < Co < Cd <Pb< Al and abundance of micronutrient were Cu < Zn <Mn< Fe. 
There is related study, which used X-ray spectroscopy to examine heavy metal in roadside plants in Poland and Thailand. The study by Punsiri, (2015) noted high composition of nickel, lead, molybdenum, bromine, titanium, manganese and titanium in the sampled plants. Both exhaust and non-exhaust vehicular emission together with road constructions activities were claimed to be source of these metals (Punsiri, 2015).

It was reported by different environmental management organizations that Nairobi River was polluted by wastes and wastewater, which contain heavy metals. This being the fact in the year of 2015 Owiti decided to conduct a study on the selected plants growing along this river in six sites. The sites were Kikuyu, Njiru, Gikomba,Chiromo, Fourteen falls and Kawangware. The study assessed Phytoremediation of those plants to uptake cadmium (Cd), zinc (Zn) and copper (Cu). Pumpkin grown along this river was among the plant selected in the study. 
The average concentration of the heavy metal was recorded as follow:- Cd (37.7±0.3μg/Kg), Zn (64.7±0.8μg/Kg), and Cu (26.6±0.5μg/Kg). Average concentration of these metals in the river water was recorded as Cd (35.6±0.3μg/L), Zn (57.9±0.8 μg/L) and Cu (23.1±0.5μg/L). The difference may be due to phytoremediation effect of the plant and pre-concentration of the metals in soil (Owiti, 2015). Kamau (2016) conducted a study to analyse concentration of heavy metal in the sugarcanes planted in Nabajuzi wetland Kampala. 
The study was influenced by discharge of waste water from the city to this wetland. However, there were several sugarcane gardens around this wetland and farmers could sell the harvested sugarcanes in various markets within the city of Kampala. The study collected sample of sugarcanes and soil from 32 different locations. Form the soil sample, the study recorded amount of Fe was 39958-126667 mg/kg, Mn was 2196-8683 mg/kg, Zn was 141-834 mg/kg and Cu was 28.9 – 123 mg/kg. Meanwhile amount of heavy metal in the sampled sugarcane juice were Fe 4.63- 49.07mg/l, Mn 1.82-31.3 mg/l, Zn 1.82-31.3 mg/l and Cu 0.14-0.92 mg/l. The study concluded that concentration of all four metals was above the limit in the soil. However, amount of Mn, Cu and Zn were exceeded the maximum limit recommended by Food and Agriculture Organization (FAO)/ Word Health Organization. 
Zhuang et al. (2019) assessed heavy metals in the food crops grown at the vicinity of the Dabaoshan Mining site in China. He found that heavy metal load was very high in the crops grown immediate adjacent to the mining vicinity (exceed permissible limit) than those grown away from mining area. Therefore, the study concluded that people around the mining site were prone to high health risk that was attributed by consumption of polluted food crops. Similar findings were reported by Longe, et al. (2017) from Jamaica who noted there was more heavy metal accumulated in the pumpkin seed planted on the banks of the river compare to those planted far from the banks. 

2.4.3
Nutrients of Pumpkin Seed

Seeds of pumpkins are important parts with adequate amount of minerals and vitamin for human. They contain minerals such as Phosphorus, Potassium, Iron, and Calcium. They are also rich source of Calories, Fibre, Carbohydrates, Moisture, Protein, Fat, Vitamin A (beta carotene), Vitamin C (ascorbic acid), vitamin K, Riboflavin and Niacin as well as Ash. Pumpkin seeds therefore have been considered very important in alleviating micronutrient malnutrition and energy malnutrition (Chung et al., 2013; Cirrilli, 2017). Parry (2006) found the lutein, beta-carotene, cryptoxanthin, zeaxanthin, and total carotenoid content of pumpkin seed oil of cucurbitapepo to be 270.1μg/kg, 5957μg/kg, 4.91mg/kg, 28.52mg/kg, and 70.59μmol/kg of pumpkin seed oil. On the other hand, he found pumpkin seed oil of cucurbita maxima contained lutein, beta-carotene, and cryptoxanthin of 5957.6 μg /kg, 272μg /kg, 4910μg /kg of pumpkin seed oil. El-Ghanyet al (2010) reported the percentage values of fiber, fat, carbohydrate, protein, ash and moisture in pumpkin seeds were 5.11, 29.01, 24.06, 31.57, 3.89 and 6.36%. The values of sodium, calcium, zinc, magnesium and iron were also analysed which were 20.56, 78.18, 7.99, 90.69 and 9.76 mg/100 gm. Lim, et al., (2012) assessed dried pumpkin seed of group Cucurbitapepo and reported that to contain the following nutrient composition (per 100 g edible portion): Beta-carotene 9μg, leutin and zeaxanthin 74μg zinc 7.81mg, iron 8.82mg, magnesium 592mg, total ash 4.88g, dietary fibre 6g, carbohydrates 10.71g, total polyunsaturated fatty acids 20.976g, protein 30.23g, total lipids 49.05g and energy 559 kcal. Elingeet al (2012) analysed nutritional and anti-nutritional composition of the same kind of pumpkin seeds and found energy 564Kcal/100g carbohydrate 28.03%, crude fibre 1.00%, crude lipid 38.00%, crude protein 27.48%, ash 5.50% and moisture content 5.00%.

Vorobyova, et al., (2014), found pumpkin seeds contain about 150 mg % beta-sitosterol, 50 mg % mixture of gamma-tocopherol and gamma- tocotrienol, 6 mg % alpha-tocopherol and 1 mg % carotenoids. Zeaxanthin and Lutein were the main carotenoinds and there were in a ratio of 40:60. Other minor compositions were noted and these were violaxanthin, epoxy-carotenoids, hydroxy-carotenoids, carotenoids and cryptoxanthin. It was concluded that the high concentration of beta-sitosterol, alpha-tocopherol and mixture of gamma-tocotrienol and gamma-tocopherol as well as carotenoids allows pumpkin seed oil to be used as a pharmaceutical substance. 

2.4.4
Perception of People on Eating Fruit Seeds

Adhau et al., (2015) assessed people perception on the cakes with added pumpkin-seed flour as part of ingredients. The study was conducted in Kharwate Dahiwali. The study interviewed both cake manufacturers and consumers. It was reported that pumpkin seed flour was used as the preserver that provide safety of the cake, prevent spoilage, extend shelf-life and maintain quality. The flour was considered to act as the jam and jelly in the cake preparation. It was added that pumpkin seeds have several health benefits and they are good source of vitamin A, B and C. They are also rich in essential mineral like potassium, phosphorus, calcium and some other nutrients. The study concluded that people were highly believing pumpkin seeds have a sufficient health benefits and therefore acceptable by cake consumers. 

A study conducted by Filbrandt (2012) noted that pumpkin seed oil is highly used as additional ingredient for increasing protein, unsaturated fatty acid and antioxidant content in food products, such as chocolate, cake and bread. The pumpkin seed oil was used to improve texture, flavor and colour of the food. The study found overall acceptance ratings of pumpkin seed oil in the studied population (southern Mexico) was significant (p < 0.05). The study concluded that restaurants could use pumpkin seed oil to add flavor and improve texture of the food in order to increase customer preference acceptability of their foods. Mary (2017) assessed complimentary nutrient dense in the porridge given to the children aged between 6-24 months. 
The main aim of the study was to analyze nutritional composition of the porridge and its shelf life stability. The study interviewed 200 women with children aged between 6-24 months in Moshi municipality. It was noted that mothers could prepare flour using maize with the following nutritional composition orange fleshed sweet potato, sorghum, amaranth grains, soybeans, groundnuts and millet. 
However, some women could add pumpkin seeds in the preparation of the flour. The pumpkin seed were perceived to have energy, protein, minerals, and vitamin. The pumpkin are believed to attribute to the oiliness and sweetness of the porridge. Yean-Yean Soong  etal (2004)  demonstrated that seeds showed a much higher antioxidant activity and phenolic content than the edible portions and that the contribution of all the fruit seed fractions to the total antioxidant activity and phenolic content was always >70%.
CHAPTER THREE

METHODOLOGY OF THE STUDY
3.1
Introduction

This chapter presents methods and techniques pertaining to the study. The chapter carries study approach, study strategy, study design and sample design. It also continues with experimental treatment and data extraction as well as data analysis technique.

3.2
Study Approach

Study approach is simply known as a study language, which explains how researcher wants to or achieved the goal of the study. This study was experimental research therefore; the approach was experimental with factorial based on a Randomized Complete Block (RCB). The factors were water in the Mpijiriver, soil of the river banks and pumpkin grown along this river. River water and soil of the river banks was taken around the pumpkin cultivating sites. There were no priorities on selection of pumpkin samples in terms of the species category. Hence, the subjects (i.e. water, soil of the river banks and pumpkin seeds) were randomly sampled and treatment variable was composition of Heavy metals.

3.3
Study Strategy

This study was conducted in laboratory setting, whereas various laboratory procedures were performed. Additionally, experimental researches are divided into two broad categories, which are true experimental and quasi-experimental researches. True experiment is the one with control (reference) and treated (subject) groups while quasi-experiment does not. All members/participants in quasi-experiment are subjects and equal treatment with references to one another. The study fallen under quasi-experiment where all selected samples was treated equally; there was no divisions in terms of control and treated groups.

3.4
Study Design

The study was descriptive in design. This design helped researcher to make description of the Heavy metal status of samples. The ultimate reason for select descriptive design was that the researcher could not have control over the variables. The study is quasi-experiment which often does not concern with establishment of examine cause-effect relationship just like true experiment. Bhattacherjee (2012) mentioned that quasi-experiment is best suited for descriptive design, while true-experiment is suited for explanatory design.

3.5
Study Area

The study was conducted at Mbweni ward in Dar es Salaam city (Fig 1). Some parts of this area is used for urban agriculture activities where people plant different fruit and vegetables in their plots along the banks of Mpiji river. This river marks the border between Kinondoni Municipality of Dar es Salaam and Bagamoyo district of Coastal Region.  It should be noted that Dar es Salaam is located eastern side of Tanzania. The geographical coordinates of Dar es Salaam are 6.7924° S, 39.2083° E. It is highly populated region of Tanzania with about 3 million people out of 47 million of Tanzania. It is a commercial city of Tanzania with various types of food crops and vegetables grown on its peripheral areas, particularly on the banks of the Rivers. The researcher collected nine samples of pumpkin grown in Mbweni ward (along Mpijiriver) for their seeds; the soil and water samples used by farmers to plant and irrigate their pumpkins. The collected samples were taken to the Government Chemist Laboratory for experimental processing. 
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Figure 3.1: Map of Dar es Salaam City Showing Mpiji River
3.6
Sample Collection and Preparation

3.6.1
Sampling 

Three sampling sites at a distance of about 1000 m from each other along the banks of Mpiji River in outskirt of Dar es Salaam city were selected for soil, water and pumpkin samples collection. Triplet sample from each site were collected at the interval of one week each 2 – 20th November 2019. Pumpkin seeds and soil samples were collected directly from farms along the bank of the river while water sample was collected in river closer to the garden. Sampling procedure is illustrated in the Table 3.1.
Table 3.1: Sampling Sites and Sample Size
	Sample type 
	Site
	Amount of samples

	Pumpkin seed samples (kg) 
	S1
	3

	
	S 2
	3

	
	S 3
	3

	Soil samples (kg)
	S1
	3

	
	S2
	3

	
	S3
	3

	River water samples (L)
	S1
	3

	
	S2
	3

	
	S3
	3

	Total samples collected
	S1, S2, S3
	27


3.6.2
Pumpkin Samples Collection
Pumpkin samples were collected directly from farms along the bank of the river Mpiji at Mbweni ward. The fruits were washed with tap water to remove any dust, sand particles and unicellular algae. Each fruit was crushed to remove the seeds. Then seed was washed several times with tape water until clear water was obtained. Sample was rinsed with de-ionized water and the residual moisture evaporated at room temperature before sun-drying for 2 -3 days on a clean paper with constant turning over to avert fungal growth. Samples were dried in a drying oven, at 105°C, until obtained constant weight then cooled to ambient temperature, crushed by means of a clean pestle and mortar to obtain homogenized samples. The ground samples were then stored at room temperature in airtight sealed polyethylene bags until required for analysis.

3.6.3
Sampling of Soil 

Soil samples were collected directly from farms along the bank of the river. The samples were collected at depth of about 15cm using hand auger, stored in polyethylene bags and sent to laboratory for oven dried at 60°C for 2 days, followed by grinding with mortar and pestle and sieved using a 2 mm sieve.  

3.6.4
River water sampling 

Water sampling was done by grab sampling technique, making sure each site sampled in every visit.  The sampling time was in the morning and stored in 0.5 L prior cleaned and rinsed with distilled water sampling bottles. Sampling was done in the morning rushed in the laboratories the same day to avoid recreational and other farming activities on the river. Collected samples were immediately transferred to a cool box containing ice packs until the time of filtration, which never exceed 6 hours after collection. All samples were analysed by Inductively Coupled Plasma Optical Emission Spectrometer (ICP - OES) at the Chief Government Chemist Laboratory.

3.7
Data Analysis

3.7.1
Pumpkin Seed Laboratory Analysis
About 2.0 g of each of the processed samples was weighed and subjected to dry ashing in a well-cleaned porcelain crucible at 550oC in a muffle furnace. The resultant ash was dissolved in 5.0 ml of HNO3/HCl/H2O (1:2:3) and heated gently on a hot plate until brown fumes disappeared. To the remaining material in each crucible, 5.0 ml of de-ionized water was added and heated until a colorless solution was obtained. 
The mineral solution in each crucible was transferred into a 100.0 ml volumetric flask by filtration through Whatman No.42 filter paper and the volume was made to the mark with de-ionized water. Then the samples were analyzed by Inductively Coupled Plasma Optical Emission Spectrometer (ICP - OES).
3.7.2
Soil Sample Laboratory Analysis

About 1.0 g of the oven dried ground sample was weighed into a 250 mL beaker which has been previously washed with nitric acid and distilled water. The sample was reacted with 5mL of HNO3, 15mL of concentrated H2SO4 and 0.3 ml of HClO4 using dropping pipette. 
The mixture was digested in a fume cupboard, heating continued until a dense white fume appeared which was then digested for 15 minutes, set aside to cool and diluted with distilled water. The mixture was filtered through acid washed Whattman No.44 filter paper into a 50 mL volumetric flask and diluted to mark volume (Yusuf, et al. 2015). The sample solution was then aspirated into Inductively Coupled Plasma Optical Emission Spectrometer (ICP - OES).
3.8
Quality Assurance
Appropriate safety measures and quality assurance procedures were followed to ensure the reliability of the test results. All the chemicals and reagents used were of analytical and trace-metal grades. Properly cleaned glassware and utensils and distilled water was used during the research. Samples were cautiously handled to minimize the cross-contaminations and reagent blank determinations were carried out to correct the instrument readings. 

CHAPTER FOUR

RESULTS AND DISCUSSION

4.1       Introduction

This chapter presents the results of the study and discusses the findings. In this chapter, the research findings are presented, analyzed and interpreted. These are mainly based on the set of objectives and are in conformity with the research questions.  The averaged heavy metal concentrations in pumpkin seeds, soil and river water are represented in the figures 4.1, 4.2, 4.3, 4.4, 4.5 with the corresponding WHO (2011) and Tanzanian Bureau of Standards (2003). The heavy metal concentrations determined were based on sample dry weight (d.w).
4.1.1
Cadmium Concentration

The concentration of Cd is summarized in Fig 4.1. It was observed that Cadmium (Cd) concentration at S1, S2 and S3 sampling sites ranges from < 0.001 - 0.03 mg/kg d.w. (pumpkin), < 0.001 – 0.04 mg/L (river water) and < 0.001 – 0.06 mg/kg d.w. (sediment).
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Figure 4.1: Concentration of Cadmium in Pumpkin Seeds, Soil and River Water as Compared to TBS (TZS) Values
The maximum concentration of Cd was found 0.06 mg/kg in soil at S3 which exceed the WHO and TBS threshold limit. The concentration is far less than those determined earlier (Ak’habuhaya J, 1989), who found to be maximum of 0.9 mg/kg d.w in sediment of river Msimbazi. The level of cadmium level is due to bioavailability and multiple technological applications like batteries, pigments and polymer stabilization. Cadmium when dispersed in the environment can persist in soils and sediments for decades (Bernard, 2008). 
When taken up by plants, Cd concentrates along the food chain and ultimately accumulates in the body of people eating contaminated food (Bernard, 2008). By far, the most salient toxicological property of Cd is its exceptionally long half-life in the human body. Once absorbed, Cd irreversibly accumulates in the human body, in particularly in kidneys and other vital organs such the lungs or the liver (Johri, et al., 2010).

4.1.2
Lead Concentration

Lead (Pb) concentration at S1, S2 and S3 sampling station (Fig 4.2) lies in the range of <0.01 - 0.02 mg/kg d.w, <0.01 - 0.05 mg/kg d.w, <0.01 - 0.14 mg/L in sediment, pumpkin seeds and river water respectively. 
It was observed that, the maximum concentration of Pb was 0.14 mg/kg dry weight in pumpkin seeds at S1 that is three times higher than the Tanzania acceptable limit(0.03mg/kg dry weight). The highest mean concentration is far less than the one detected earlier by (L.S Leonard et al, 2012) which was 396.906 mg/kg dry weight in amaranthus gangeticus samples at river Msimbazi.
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Figure 4.2: Concentration of Lead in Pumpkin Seeds, Soil and River Water as Compared to TBS Values
It has been indicated in other study (Brown, and Margolis, 2012), the high concentration of Pb is known to impair the proper functioning of the reproductive and nervous systems. Kidney damage, high blood pressure and anemia are consequences of Pb poisoning. Even at very low Concentrations, Pb are a threat to public health, because it usually builds up in the body. It is essentially harmful to children under the age of six and causes mental and physical retardation.

4.1.3
Zinc Concentration
Zinc is an essential element for plants and animals, but only a small increase in its level may cause interference with physiological processes.  The presence of Zn seems to be essential to neutralize the toxic effects of Cd (Parveen, 2003).  The concentration of zinc atS1, S2 and S3 sampling station as shown in the Figure 4.3.
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Figure 4.3: Concentration of Zinc in Pumpkin Seeds, Sediments and River Water as compared to TBS Values for the Three Sampling Sites (S1, S2, S3)
In this study, the maximum quantity of zinc was detected in ranges from 0.02 – 0.07 mg/L, 2.86 – 4.86 mg/kg d.w and 41.07 – 45.63 mg/kg d.w in water, sediment and pumpkin seeds respectively. The maximum level detected in pumpkin seeds, is three times higher than acceptable limit by TBS (15.00 mg/kg). These values  however are far lower than the values obtained earlier by   M.F. Bitala  (2008) in rice (1,431.8 mg/kg) and  maize (1,221.3 mg/kg) at Nyakabale village Geita. 
4.1.4
Concentration of Copper

The mean concentration of copper (Cu) at sampling sites S1, S2 and S3 sampling station (Fig 4.4) lies in the range of 0.24 – 0.72 mg/kg d.w, 0.44- 0.72 mg/kg d.w and 0.58 – 0.76 mg/L in sediment, pumpkin seeds and river water respectively. 
Comparison of the copper content in all sampling sites is lower than values obtained earlier by M.F. Bitala  (2008) in rice crop which accumulated 2,824.5 mg/kg,. Though the concentration was higher than values determined by Mahugija (2018) where copper concentration was 0.039 mg/L in water, 0.095 mg/L in mangoe juice and 0.122 mg/L in pipeapple juice.  
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Figure 4.4: Concentration of Copper in Pumpkin Seeds, Soil And River Water as compared to WHO/TBS Values for Three Sites (S1, S2, S3)
In this study the copper content in the sampling site is not surprising because copper compounds have been used extensively by farmers in agriculture and horticulture as fertilizers and fungicide. Copper contaminated soil is mainly attributed to agriculture activities such as continuous application of copper-based fungicides and pesticides application as fungicidal and bactericidal properties, has been employed as a disinfectant on farms against storage rots and for the control and prevention of certain animal diseases, such as foot rot of animals.  

4.1.5
Concentration of Iron

Iron (Fe) is an essential metal for most living organisms and humans. It is usually more abundant in freshwater environment than other metals, due to its high occurrence on earth (Forstner and Wittmann, 1979). The deficiency of Fe can lead to anemia and fatigue, which are usually common among children under the age of five, pregnant women and immune compromised individuals, thus making them vulnerable to numerous infections (Garvin, 2015). The concentration at S1, S2 and S3 sampling station (Fig 4.5).
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Figure 4.5: Concentration of Fe in Pumpkin Seeds, Soil and River Water at the Three Sites (S1, S2, S3) as compared to TBS Values
The highest range of concentration of Fe was detected in Mpiji river sediment (1417 – 2268.88 mg/kg d.w), while the lowest was detected in river water (3.65 – 4.64 mg/L). The difference observed between river water and sediment can be due to evaporation factor from water body, which can lead to an increase in the concentrations of heavy metal as the dilution factor is removed. In all the three sites of sample collection, the findings indicate that the Fe concentration is above the recommended values of by TBS.
CHAPTER FIVE

CONCLUSION AND RECOMMENDATIONS
5.1
Conclusions 

The concentrations of five heavy metals (Fe, Cd, Pb, Zn and Cu) were determined in pumpkin seeds grown at Mpiji River in outskit of Dar es Salaam city. Samples of pumpkin seeds, Mpiji river sediment and river water used for irrigation were analysed. The high concentrations of the examined heavy metals indicated that these rivers are polluted and highly impacted by surrounding anthropogenic activities like release of partially-treated wastewater effluents from houses around Mpiji river, runoffs from agricultural soil, landfill sites very close to the river and other non-point sources. 

Heavy metals were detected in all samples and based on the results, it is concluded that fruit seeds contain appreciable levels of heavy metals such as Pb and zinc. So continued uses of products contaminated with such heavy metals could be significant sources of human exposure and may be linked with harmful effects. Though levels of Cd was within the WHO acceptable limit, it is hereby not recommended as the body does not have mechanism to eliminate these metals hence increases the risk to consumers. This is true due to the fact that these heavy metals have a bio accumulative property and are major potential agent of the negative impact in human health as reported by Afrin, et al., 2015; Hazrat, et al., 2019.

5.2
Recommendations  

As a result of the study findings, the following are the recommendations:

(i) The fruit seeds should be regularly monitored for the heavy metals contaminations. Government authorities such as the TBS (food department), agricultural departments in the Ministry of Agriculture, local authorities and, research institutions such as the universities should be involved in pollution monitoring, management and hence their control 
(ii) The rivers should be protected from being contaminated by providing public awareness to the people living along the rivers. The NEMC and other institutions dealing with environment should be involved in providing awareness. 
(iii) The waste collection infrastructures should be enhanced so that the wastes do not accumulate in the homes, which in turn triggers the idea of improper disposing of wastes as a means to avoid noxious air in their homes. The government, from local authorities to national level should device a mechanism that facilitates waste collection. Enough budget should be set aside to facilitate waste disposal activities
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l. - Introduction

Most of tropical fruits such as watermelon, papaya, guava, pineapple, mango and durian are consumed
in the fresh form. They are generally well-known for their nutritional values, which include vitamins and
carbohydrates. On the other hand, fruits are extensively identified as good source of a healthy diet and adequate
use could help to reduce a wide range of diseases like forms of cancer, stroke, heart disease and other chronic
diseases (Craig and Beck, 1999; Goldberg, 2003).

Fruits are normally processed into end products such as jams, jellies, juices, pickles, and food flavors.
It is commonly known that the fruit processing sector usually generates a large amount of seeds as wastes. In the
past, investigations were undertaken to explore their potential uses in food applications due to their high
nutritional value. There are a number of literatures dealt with chemical and nutritional characteristics of fruits
about like seed varieties, mineral nutrients, edibility and stability of their oils (Soha, éf a/., 2010; Aravind, éf al.,
2003; Yanty, 2007). For instance, pumpkin seeds were reported to contain higher levels of potent
phytochemicals, such as sterols, with a great promise for immunomodulation, reproductive health, as well as
therapeutic effect over a range of disease. Other studies, shows the intake of the whole extract of pumpkin seed
is highly correlated with the reduced benign prostate hyperplasia-associated symptoms (Nwokolo and Sim,
1987; Stevenson, éf al., 2007; Glew, ét al., 2006). The capability of pumpkin seed as a stimulator of sexual
desire has also been demonstrated in a number of studies (Gundidza, éf /., 2009). Despite the mentioned health
benefits, pumpkin seed oil has been shown to exhibit anti-microbial activity, hence, it is well-suited for
improving nutritional benefits in food formulations (Nwokolo and Sim, 1987).

There is large amount of waste materials, chemicals or effluents that are introduced into the
environment through several sources including discharge into water bodies (Paivoke, 2002). Some of these
substances contain toxic heavy metals such as cadmium, lead, copper and arsenic which are known to be toxic
with no beneficial effects to man and wildlife (Tyler, 1981). Heavy metals have the ability to accumulate in
living organisms and at elevated levels they can be toxic to living organisms. Elevated levels of copper have
been reported to cause brain damage (Paivoke, 2002).

The effect of heavy metal contamination of fruit and hence to fruit seeds cannot be underestimated as
these foodstuffs are important components of human diet. However, the intake of heavy metal-contaminated
fruit seeds may pose a risk to human health; hence the heavy metal contamination of food is one of the most
important aspects of food quality assurance (Radwan, and Salama, 2006). Heavy metals, in general, are not
biodegradable, have long biological half-lives, and have the potential for accumulation in different body organs,
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leading to unwanted side effects. Plants take up heavy metals by absorbing them from airborne deposits on the
parts of the plants exposed to the air from the polluted environments as well as from contaminated soils through
root systems. Also, the heavy metal contamination of fruit and vegetables may occur due to their irrigation with
contaminated water.

These heavy metals are a potential human health concern when concentrations are at high levels in
soils. Metals may be harmful to humans through ingestion of edible plants containing metals through normal
uptake, ingestion of plants splashed with contaminated soil or by accidental direct ingestion of soil usually by
children.

Based on their persistence and cumulative behavior as well as the probability of potential toxicity
effects, the absorption of heavy metals in human diets as a result of the consumption of fruit seeds means that
there is a requirement for the analysis of food items to ensure that the levels of trace heavy metals meet the
agreed international standards. This is particularly important for farm products from parts of the world where
only limited data on the heavy metal content are available. Knowledge of the contamination of fruit seeds with
heavy metals from the Dar es Salaam city has not yet been established; therefore, the present study was
undertaken with the aim to compare and investigate the concentration of some specific heavy metals (Pb, Cd,
Zn, Cu, and Fe) found in some pumpkin seeds which has gained popularity to most people from this region.

[1. Materials and Methods

Collection of the Sample

Three sampling sites (S1, S2, S3) at a distance about 1000 m from each other along the banks of Mpiji
River in outskirt of Dar es Salaam city were mapped out for soil, water and pumpkin samples collection. Triplet
sample from each site were collected at the interval of one week each 2 — 20™ November 2019. Pumpkin and
soil samples were collected directly from farms along the bank of the river while water sample was collected in
river closer to the garden.

Pummpkin fruits were washed with tap water to remove any dust, sand particles and unicellular algae.
Each fruit was crushed to remove the seeds. Then seed was washed several times with tape water until clear
water was obtained. Sample was rinsed with de-ionized water and the residual moisture evaporated at room
temperature before sun-drying for 2 -3 days on a clean paper with constant turning over to avert fungal growth.
Samples were dried in a drying oven, at 105°C, until obtained constant weight then cooled to ambient
temperature, crushed by means of a clean pestle and mortar to obtain homogenized samples. The ground
samples were then stored at room temperature in airtight sealed polyethylene bags until required for analysis.

Soil samples was collected at depth of about 15cm using hand auger, stored in polyethylene bags and
sent to laboratory for oven dried at 60°C for 2 days, followed by grinding with mortar and pestle and sieved
using a 2 mm sieve.

Water sampling was done by grab sampling technique, making sure each site sampled in every visit.
The sampling time was in the morning and stored in 0.5 L prior cleaned and rinsed with distilled water sampling
bottles. Sampling was done in the morning rushed in the laboratories the same day to avoid recreational and
other farming activities on the river. Collected samples were immediately transferred to a cool box containing
ice packs until the time of filtration, which never exceed 6 hours after collection. All samples were analysed by
Inductively Coupled Plasma Optical Emission Spectrometer (ICP - OES) at the Chief Government Chemist
Laboratory.
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Seed analysis

About 2.0 g of each of the processed samples was weighed and subjected to dry ashing in a well-
cleaned porcelain crucible at 5500 °C in a muffle furnace. The resultant ash was dissolved in 5.0 ml of
HNO;/HCV/H,O (1:2:3) and heated gently on a hot plate until brown fumes disappeared. To the remaining
material in each crucible, 5.0 ml of de-ionized water was added and heated until a colorless solution was
obtained. The mineral solution in each crucible was transferred into a 100.0 ml volumetric flask by filtration
through Whatman No.42 filter paper and the volume was made to the mark with de-ionized water. Then the
samples were analyzed by Inductively Coupled Plasma Optical Emission Spectrometer (ICP - OES).

2.1.2  Soil Analysis

About 1.0 g of the oven dried ground sample was weighed into a 250 mL beaker which has been
previously washed with nitric acid and distilled water. The sample was reacted with SmL of HNOj, 15mL of
concentrated H,SO, and 0.3 ml of HCIO, using dropping pipette. The mixture was digested in a fume cupboard,
heating continued until a dense white fume appeared which was then digested for 15 minutes, set aside to cool
and diluted with distilled water. The mixture was filtered through acid washed Whattman No.44 filter paper into
a 50 mL volumetric flask and diluted to mark volume (Yusuf, éf a/. 2015). The sample solution was then
aspirated into the Atomic Absorption Spectroscopic machine at intervals.

Quality Assurance

Appropriate safety measures and quality assurance procedures were followed to ensure the reliability of
the test results. All the chemicals and reagents used were of analytical and trace-metal grades. Properly cleaned
glassware and utensils and distilled water was used during the research. Samples were cautiously handled to
minimize the cross-contaminations and reagent blank determinations were carried out to correct the instrument
readings.
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[11. Results and Discussion
The averaged heavy metal concentrations pumpkin seeds are tabulated in Table 1 with the
corresponding WHO (2011) and Tanzanian Bureau of Standards (2003). The heavy metal concentrations

determined were based on sample dry weight.

Table 1: Average Heavy Metal Concentration in Seed, Water and Soil Samples

Sample Site Cd Cu Fe Pb Zn
pumpkin  seed  samples S1 <0.001 0.57 69.70 0.14 44.66
(mg/kg d.w.) S2 0.02 0.72 221.01 <0.01 41.07
S3 0.03 0.44 208.19 0.10 45.63
WHO (2011)/TBS (2003) 0.03 2.0/3.00 1.00 0.01/0.05 15.00
Sediment samples (mg/kg S1 <0.001 0.24 2268.36 <0.01 2.97
d.w.) S2 0.01 0.72 1417.22 <0.01 291
S3 0.06 0.41 1815.88 0.02 4.86
WHO (2011)/TBS (2003) 0.05 100/3.00 1.00 0.01/0.05 300/150.00
River water samples (mg/L) S1 0.01 0.76 4.17 <0.01 0.02
S2 <0.001 0.58 4.64 0.05 0.04
S3 0.04 0.74 3.65 0.04 0.07
WHO (2011)/TBS (2003) 0.05 1.50/3.00 0.30 0.10/0.05 15.00/5.00

It was observed that Cadmium (Cd) concentration at S1, S2 and S3 sampling sites ranges from < 0.001
- 0.03 mg/kg d.w. (pumpkin), < 0.001 — 0.04 mg/L (river water) and < 0.001 — 0.06 mg/kg d.w. (sediment). The
maximum concentration of Cd was found 0.06 mg/kg d.w in soil at S3 which exceed the WHO and TBS
threshold limit. The concentration is extremely far less than those determined earlier (Varsani and Manoj, 2015),
found to be found maximum of 2.120 mg/kg d.w in sedment. The level of cadmium level is due to
bioavailability and multiple technological applications like batteries, pigments, polymer stabilization, etc.
Cadmium when dispersed in the environment can persist in soils and sediments for decades (Bernard, 2008).
When taken up by plants, Cd concentrates along the food chain and ultimately accumulates in the body of
people eating contaminated food (Bernard, 2008). By far, the most salient toxicological property of Cd is its
exceptionally long half-life in the human body. Once absorbed, Cd irreversibly accumulates in the human body,
in particularly in kidneys and other vital organs such the lungs or the liver (Johri, éf a/,, 2010).

Lead (Pb) concentration at S1, S2 and S3 sampling station lies in the range of <0.01 - 0.02 mg/kg d.w
<0.01 - 0.05 mg/kg d.w <0.01 - 0.14 mg/L in sediment, pumpkin seeds and river water respectively. It was
observed the maximum concentration of Pb was 0.14 mg/kg d.w in pumpkin seeds at S1 that is three times
higher than the Tanzania acceptable limit. The highest mean concentration is far less than the one detected
earlier (Varsani and Manoj, 2015) which was 52.35 mg/kg d.w in soil samples. However, the concentration in
river water was inline with the valued detected earlier 0.958mg/1 (Dadzie, 2012).

It has been indicated in other study (Brown, and Margolis (2012), the high concentration of Pb is
known to impair the proper functioning of the reproductive and nervous systems. Kidney damage, high blood
pressure and anemia are consequences of Pb poisoning. Even at very low concentrations, Pb is a threat to public
health, because it usually builds up in the body. It is essentially harmful to children under the age of six and
causes mental and physical retardation.

Zinc is an essential element for plants and animals, but only a small increase in its level may cause
interference with physiological processes. The presence of Zn seems to be essential to neutralize the toxic
effects of Cd (Parveen, 2003). In this study, the maximum quantity of zinc was detected in ranges from 0.02 —
0.07mg/L, 2.86 — 2.97 mg/kg d.w and 41.07 — 45.63 mg/kg d.w in water, sediment and pumpkin seeds
respectively. These values correspond to the values obtained earlier in fruits by Basha (2014) where the highest
and lowest zinc concentrations were observed in C. limetta (9.2 mg/kg) and S. lycopersicum (3.1 mg/kg)
respectively. The maximum level detected in pumpkin seeds, is three times higher than acceptable limit by
WHO and TBS (15.00 mg/L).

The mean concentration of copper (Cu) at sampling sites S1, S2 and S3 sampling station lies in the
range of 0.24 — 0.72 mg/kg d.w, 0.44- 0.72 mg/kg d.w and 0.58 — 0.76 mg/L in sediment, pumpkin seeds and
river water respectively. Comparison of the copper content in all sampling sites is lower than values obtained
earlier Elbagermi, et al., (2012), ranges between 0.75 to 6.21mg/kg. Though the concentration was higher than
values determined by Mahugija (2018) where copper concentration was 0.039mg/L in water, 0.095 mg/L in
mangoe juice and 0.122 mg/L in pipeapple juice. In this study the copper content in the sampling site is not
surprising because copper compounds has been used extensively by farmers in agriculture and horticulture as
fertilizers and fungicide. Copper contaminated soil is mainly attributed to agriculture activities such as
continuous application of copper-based fungicides and pesticides application as fungicidal and bactericidal
properties, has been employed as a disinfectant on farms against storage rots and for the control and prevention
of certain animal diseases, such as foot rot of animals. Iron (Fe) is an essential metal for most living organisms
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and humans. It is usually more abundant in freshwater environment than other metals, due to its high occurrence
on earth (Forstner and Wittmann, 1979). The deficiency of Fe can lead to anemia and fatigue, which are usually
common among children under the age of five, pregnant women and immune compromised individuals, thus
making them vulnerable to numerous infections (Garvin, 2015).

The highest range of concentration of Fe was detected in Mpiji river sediment (1417 — 1815.88 mg/kg
d.w), while the lowest was detected in river water (3.65 — 4.17 mg/L). The difference observed between river
water and sediment can be due to evaporation factor from water body, which can lead to an increase in the
concentrations of heavy metal as the dilution factor is removed.

[V. Conclusion

The concentrations of five heavy metals (Fe, Cd, Pb, Zn and Cu) were determined in pumpkin seeds
grown at Mpiji River in outskirt of Dar es Salaam city. Samples of pumpkin seeds, Mpiji river sediment and
river water used for irrigation were analysed. The high concentrations of the examined heavy metals indicated
that these rivers are polluted and highly impacted by surrounding anthropogenic activities like release of
partially-treated wastewater effluents houses around Mpiji river, runoffs from agricultural soil, landfill sites very
close to the river and other non-point sources. It is recommended that fruit seed should be regularly monitored
for the heavy metals. Heavy metals were detected in all samples and based on the results, it is concluded that
fruit seeds contain appreciable levels of heavy metals such as Pb and zinc. So continued uses of products
contaminated with such heavy metals could be significant sources of human exposure and may be linked with
harmful effects. Though levels of Cd was within the WHO acceptable limit, it is hereby not recommended as the
body does not have mechanism to eliminate these metals hence increases the risk to consumers.
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										S2		< 0.001		0.58		4.64		0.05		0.04
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