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ABSTRACT 
 

The presence of toxic heavy metals such as Cr, Pb, Ni, As and Hg in foods constitute serious 

threat to the health of consumers, particularly humans. Continual consumption of foods with 

high level of toxic metals can lead to bioconcentration and bioaccumulation with long-term 

health implications. This study was carried out in Tsumeb, Grootfontein and Otavi local 

municipal areas in the Oshikoto region of Namibia. The focus was to assess the level, 

distribution and chemical mobility of selected toxic heavy metals in soil and farm produce 

from agricultural farmlands from these local municipalities. An experimental research design 

was used in the process of data collection. Soil and food samples from farms were collected 

over a period of two years. Samples were pre-treated and heavy metals content extracted 

using mineral acid microwave assisted digestion protocol. Qualitative and quantitative 

analysis of the metals was by the Inductively Coupled Plasma-Optical Emission Spectroscopy 

(ICP-OES).  

The mean concentration of heavy metals in soil samples across the period ranged from 0.8 

mg/kg; 1513.72 mg/kg; 7.97 mg/kg; 1.21 mg/kg; 2.03 mg/kg 13.18 mg/kg and 9.36 mg/kg 

from Tsumeb. The level in Grootfontein varied from 0.12 mg/kg; 1317.07 mg/kg; 7.97 mg/kg; 

0.08 mg/kg; 1.61 mg/kg and 1.35 mg/kg and 8.18 mg/kg, while the concentration from Otavi 

ranged from 0.41 mg/kg;  1082.9 mg/kg; 7.96 mg/kg; 0.53  mg/kg; 1.75 mg/kg 7.82mg/kg and 

8.49 mg/kg for Cr, Mn, Hg, Ni, Cu, Zn and Pb respectively. The mean concentration of these 

toxic metals in food samples across the period also ranged from 5.8 mg/kg; 12.49 mg/kg; 0.68 

mg/kg; 1.27 mg/kg; ND and ND from Tsumeb. The level in Grootfontein varied from 1.7 

mg/kg; 153.5 mg/kg; 0.41 mg/kg; 1.42 mg/kg; 5.13 mg/kg and 13.22 mg/kg 2.06 mg/kg, while 

the concentration from Otavi ranged from 0.64 mg/kg;  mg/kg; 62.3 mg/kg; 0.65  mg/kg; 0.61 

mg/kg and 7.33 mg/kg 13.87 mg/kg 4.38 mg/kg for Cr, Mn, Hg, Ni, Cu, Zn and Pb respectively.  

Analyzed metals were widely distributed in both soil and food samples. Metallic accumulation 

factor (AF) of > 1 was obtained in Manganese, Copper, Nickel and Zinc food samples which 

revealed chemical mobility of metals from labile metals fractions obtained in soil samples. 

The mean concentrations of 77.7mg/kg, 60.0 mg/kg, 17.8 mg/kg and 50.4 mg/kg for 

Manganese, Copper, Nickel and Zinc respectively obtained in food samples were found to be 

higher than permissible levels in foods.  
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The presence of analysed metals at this level constitute serious threat to the health of 

consumers with possible long-term health implications. Comprehensive soil treatment and 

remediation is recommended for sustainable food production and safety of human health.   

 

Keywords: Heavy metals; Dynamics; Food Produce; Soil; ICP-OES, Namibia 
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CHAPTER ONE: INTRODUCTION 
 

1.1 Background of the Study  

The ever-growing global concern over the release and subsequent deposition of heavy metals 

in soils cannot be overemphasised. Alloway (1990), stated that anthropogenic activities, such 

as mining, agriculture and industrial activities tend to release heavy metals into the soil, water 

and atmosphere; hence the release of these metals has often been linked to soils in urban 

areas, and mostly as a result of anthropogenic activities. While justification for research has 

been fuelled by well-known sources of contamination, such as industrial, petrochemical 

activities, and automobile emissions around the study area, the interest in the research is 

premised on the possible effect of these industrial activities on the health human and wildlife. 

This concern emanates from possible contamination of soil through atmospheric 

deposition/fallout of elemental contaminants such as lead (Pb), Arsenic (As), Cadmium (Cd), 

Copper (Cu), Chromium (Cr) and many others.  

 

The study areas are notable for intense commercial agricultural practices as well as many 

subsistence and communal agricultural cooperative groups. From the former, agricultural 

produce are cultivated for commercial purposes. Produce are distributed and sold to many 

other distributors, commercial and retailer stores across the country. The latter also grow 

agricultural produce for own consumption and for sale at local markets in their respective 

localities to supplement their incomes. It is generally known that some plants have the 

potential to take up and sometimes accumulate contaminants. The presence of high level of 

contaminants in soil may trigger their dynamic transfer from the soil to the plants.  

 

Karagas, Ahsan, Gossai, Pendergrast, Slaughter, Argos, Signes-Pastor and Davis (2017), noted 

that one of the routes by which toxic trace metals such as copper (Cu), lead (Pb), zinc (Zn) and 

cadmium (Cd) find their way into human system is through food consumption. This situation 

may lead to further transfer into human consumers. The consumption of fodders or feedstuff 

from dried and processed plant shafts e.g. maize shafts that are laden with toxic heavy metals 

may also lead to transfer to ruminants and eventually human consumers of these animals. 

Hence, the research is aimed at assessing the distribution and dynamics of toxic heavy metals 

in cultivated farm produce from three localities namely Tsumeb, Grootfontein and Otavi of 



11 
 

Namibia. It is important to provide some information on the three study areas in order to 

understand their history, nature and some peculiarities. 

 

Tsumeb municipal area is located in the northern central part of Namibia on the edge of the 

Otavi Mountainland. The major part of the current urban area of Tsumeb is developed on 

deeply weathered arkosic sandstone and shale of the Tschudi Formation (Mulden Group) and 

carbonate rocks of the Hüttenberg Formation of the Tsumeb Subgroup. The carbonate rocks 

of the Hüttenberg Formation are part of the Precambrian platform sedimentation close to the 

Congo Craton in the northern zones of the Damara Sequence (Schneider, 2004). The 

dolomites and limestones comprise a thickness of several hundred meters and consist of thin 

bedded dark dolomite rock with some intercalations of phyllite, limestone, and chert 

(Schneider, 2004). 

Grootfontein: This town is located in the north-east of Namibia in a lush green environment. 

The district is abundantly endowed with wildlife and game, while the district is well known 

for its cattle and crop farming. The town still functions as the shipping point for timber 

products arriving from Kavango-inhabited areas farther to the northeast, while copper and 

lead mined west of Grootfontein are smelted at Tsumeb. 

 

Otavi town in Namibia, Otjozondjupa region. It is a town of 4,000 inhabitants in the 

Otjozondjupa Region of central Namibia. It is the district capital of the Otavi electoral 

constituency. Most of the area is dolomitic (Precambrian) and the district was in the past 

renowned for its mineral wealth. Most of the deposits have now been exhausted. The towns 

of Otavi, Tsumeb (to the north) and Grootfontein (to the northeast) define an area known as 

the "Otavi Triangle", also known as the Otavi Mountainland. This geographical region is 

sometimes referred to as the "Golden Triangle", or as the "Mahangu triangle", owing to the 

cultivation of Mahangu (Pearl Millet) in the area. The three towns that define the triangle are 

roughly 60 km from each other. 

Economy: Much of the town's economy relies on the two grocery stores, a mill, 2 banks, two 

gas stations, and many surrounding game/cattle farms, as well as a handful of other small 

business. The owners of most of these businesses are Afrikaners (white Africans of Boer, 

ultimately Dutch, heritage) or Germans (https://www.namibweb.com/otavi.htm). 
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1.2 Problem Statement 

Namibia is endowed with some natural resources including metals such as zinc, uranium and 

gold. However, during the exploitation of these resources, certain pollutants such as trace 

metals are generated and released into the environment. Trace metals can find their way into 

the environment through several routes such as atmospheric deposition as particulate matter 

(PM), as wastewater and as solid wastes (Benson et al., 2008). Docekalova, Kovarikova and 

Docekal (2012), states that trace metal mobility across the food chain has been of concern to 

food experts in view of the health implications. It is upon this background that the researcher 

carried out this research on the analysis of distribution and dynamic of toxic of heavy metals 

in cultivated farm produce from Tsumeb, Grootfontein and Otavi localities in Namibia. 

 

Anthropogenic activities such as petrochemical, mining, metal foundries and quarry have 

been reported as some sources of elemental contaminants in the environment (Bireescu et 

al., 2014). These contaminants may be distributed widely in the study areas with negative 

effects on the health of human and wildlife. During metal extraction processes, metals that 

are of environmental and health significance are released as waste products. Metals such as 

copper (Cu), zinc (Zn), cadmium (Cd), mercury (Hg) and arsenic (As) can be transported as 

particulate matter through air and are later deposited on soil surfaces. Cultivated agricultural 

produce may become contaminated and the consumption of food laden with toxic metals 

may lead to accumulation in human system with consequential health problems (Afiza et al., 

2013). Lead (Pb) for example has been reported to cause brain disorder in children (Canfield 

et al., 2005). The paucity of information and data on the prevalence and distribution of toxic 

trace metals in farm produce necessitate this study. The study areas are known for higher 

agricultural practices compared to some other parts of the country. Research into the possible 

prevalence of these toxic metals in farm produce is important and significant in view of the 

health implication across the food chain. 

 

1.3 Research questions 

The research questions of this research are: 

i. Are the selected toxic heavy metals prevalent in soil and food produce in the agricultural 

farmlands? 

ii. Are these metals widely distributed in the samples and sampling areas of study?  
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iii. Are these metals mobile between the soil and food samples? 

iv. What are the possible health human health implications of consumption of these food 

samples by humans?  

 

1.4 Aim of Research 

The main aim of the study was to assess the level, distribution, and dynamics of selected toxic 

trace metals in the soil and cultivated farm produce from farms around Tsumeb, Grootfontein 

and Otavi localities of Namibia.  

 

1.5 Research objectives 

The above research aim will be achieved though the following objectives: 

i. Assess the level of heavy metals in soil and farm produce from the study areas. 

ii. Evaluate the distribution and mobility/transfer of analysed heavy metals from soil to the 

farm produce. 

iii. Deduce possible human health implications of the level of heavy metals in the farm 

produce.  

 

1.6 Significance of the study 

Namibia is endowed with some natural resources such as uranium and gold. Revenues 

obtained from these are utilized by government to the benefits of all citizens and the country. 

Although, copper is not mined in Namibia, it is processed and refined in the country. Some 

gaps however exist in the area of human and environmental protection from exposure to 

contaminants emanating, purportedly, from anthropogenic activities such as transport, 

agriculture and industrial activities can be the vehicle of releasing heavy metals in the 

environment which poses the risk of contaminating the soil and cultivated farm produce.  

 

1.7 Limitation 

This research was limited to the analysis of the distribution and the dynamics’ of toxic heavy 

metals in soil and cultivated farm produce from Tsumeb, Grootfontein and Otavi localities in 

Namibia. This means that the research topic is examining the varying occurrence of various 

farm products like, cabbages, cassava, maize, carrots, spinach, pier melt and sweet potatoes 

toxic of heavy metals in Tsumeb, Grootfontein and Otavi, in Namibia. 
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1.8 Delimitation 

The delimitations of the study are in light of the sample setting and location, and this reduced 

the scope of the study also the availability of the farm produce at the different sampling site 

at the time of sample collection. The target population of the study was farm produce from 

Tsumeb, Grootfontein and Otavi localities in Namibia. 

 

1.9 Research outline 

This research is divided into five chapters. The chapters are outlined as follows:  

Chapter one covers the research introduction, background of the study, statement of the 

problem was all explored on the analysis of distribution and dynamics of toxic of heavy metals 

in cultivated farm produce from Tsumeb, Grootfontein and Otavi localities in Namibia. 

Research questions and significance of the study are also discussed in this chapter. Finally, 

the limitations, delimitations and abbreviations were covered in this first chapter. 

 

Chapter two includes the literature review of all the related previous studies concerning the 

analysis of distribution and dynamics of toxic of heavy metals in cultivated farm produce from 

Tsumeb, Grootfontein and Otavi localities in Namibia. This chapter discussed different 

researches and views of different scholars on the analysis of distribution and dynamics of 

toxic of heavy metals in cultivated farm produce from various farms. 

 

Chapter three outlines the methodology that was used to carry out the research of which the 

approach was exploratory and experimental. Farm produce that were sampled over the study 

period include Maize, Pearl Millet, Spinach, Cabbage, Sweet Potato, Carrots and Cassava. 

Samples were collected based on their availability during the period sample collection which 

took place once every two months from the three sampling areas of Tsumeb, Grootfontein 

and Otavi for six periods. Samples were placed in zipper plastic bags, labelled accordingly and 

transported to Health Sciences laboratory at the Namibia University of Science and 

Technology for pre-treatment and analysis. Simultaneously, Soil samples were also collected 

randomly close to the farm produce up to a depth of 15 cm using non-steel scoop sampler. 

Soil samples were also placed in zipper bags, labelled and take to the laboratory for storage 

until analysis. This chapter outlines how the data was collected using the ethical 

considerations of research. 
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Chapter four is explores the findings and the analysis of data collected, which was based on 

the soil and agricultural farm produce like, maize, pearl Millet, Spinach, Cabbage, Sweet 

potato, Carrots, Cassava and of their respective soils were collected from three different 

locations in Tsumeb, Grootfontein and Otavi. The data collected was analysed and presented 

in tables, graphs.  

 

Chapter five concentrates on the study’s main findings and the recommendations made to 

the relevant stakeholders. The chapter ends with a conclusion and pointing to further studies 

followed by appendix A about the granted permission to carry out this research.  
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CHAPTER TWO: LITERATURE REVIEW 

2.1 Introduction 

Heavy metals are natural components of the earth crust and as a result they are found 

naturally in soils and rocks with a subsequent range of natural concentrations in soils, 

sediments, waters, and organisms (Hutton and Synmon, 1986). Human activities through 

industrial, agricultural, traffic, domestic, mining, and other anthropogenic processes have 

contributed to elevated and toxic levels of these metals when compared to those contributed 

from geogenic or lithological processes (Pam et al 2013). Traffic associated environmental 

pollution is one of the most critical or challenging sources, because it is a non-point source 

and vehicular emissions spread beyond the expected distances polluting the air, land, and 

water bodies. Onianwa and Fakayode (2000), reported that automobile exhaust accounts for 

about 80% of the air pollution by heavy metals in Nigeria and this was corroborated by 

Adriano (2001), who stated that automobile emission is perhaps the greatest single source of 

contamination.  

 

Onder et al. (2007) reported high content of heavy metals in urban roadside soils and plant 

samples and attributed it mostly to high density of traffic. Namibia is endowed with some 

natural resources including metals such as zinc, uranium, and gold. However, during the 

exploitation of these resources, certain pollutants such as trace metals are generated and 

released into the environment. Hasheela (2018), states that the contamination of topsoil and 

crops traces back to both old and recent smelter emissions as well as to windborne dust 

derived from the tailings and slag dumps of the smelter complex. The concentrations of 

arsenic lead and cadmium in most of the fruits and vegetables (Marula fruit, pumpkin, chilli, 

and tomato) correlate with the heavy metal values of the underlying contaminated topsoils.    

 

Mapani et al. (2013) also states, that the topsoils surrounding the smelter, especially in the 

down wind direction, are highly contaminated with lead, zinc, copper, arsenic, and cadmium. 

The contamination of the topsoil and crops is a result of historical smelter emissions as well 

as due to windborne dust derived from the tailings and slag dumps of the smelter complex. 

Abah et al. (2013) claimed that varying concentrations levels of chromium, cadmium, cobalt, 

lead, nickel and arsenic in the cabbage and soil obtained from the Bezi bar farm area of Katima 

Mulilo, Namibia. Trace metals can find their way into the environment through several routes 
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such as atmospheric deposition as particulate matter (PM), as wastewater and as solid wastes 

(Benson et al., 2008). According to Ali, Elhagwa, Elfaki, Sulieman (2017), heavy metal inputs 

into agricultural soils due to atmospheric deposition and application of commercial fertilizers, 

animal manure, sewage sludge and pesticides take place at rather slow rate, but on large 

areas. These metals may eventually find their ways into human systems through consumption 

of these foods (Davis, 2017).   

 

These metals can be deposited on farmlands which are then taken up by plants and 

agricultural farm produce. Through this route, the metals can find their way into the food 

chain including humans. There are anthropogenic activities such as mining, quarrying, 

petrochemical and metal foundry within the study areas whose undertakings may potentially 

lead to the release of contaminants into the environment. Some studies on the level of heavy 

metals around Tsumeb were carried out by (Johnson and Myers, 2012; Ellmies et al., 2015). 

None however, focused on possible distribution and impact outside the vicinity of this area 

especially in relation to human health. Some of the farm produce, especially fruits, are 

consumed directly with great implications on human health. In view of this, the project 

intends to assess the level, distribution, and dynamics of selected toxic trace metals (Cd, Pb, 

Cu and Zn) in soil and farm produce from selected cultivated sites around Tsumeb, 

Grootfontein and Otavi localities of Namibia. 

 

2.2 Cultivated farm soil contamination 

Soil contamination is any addition of compounds in the soil that results in detectable adverse 

effect on soil functioning. These also leave elevated levels of heavy metals, hydrocarbons, 

nutrients, and other compounds on land and possibly in the ground water. Heavy metals 

constitute an ill-defined group of inorganic chemical hazard. According to Ali, Elhagwa, Elfaki, 

Sulieman (2017), heavy metal inputs into agricultural soils due to atmospheric deposition and 

application of commercial fertilizers, animal manure, sewage sludge and pesticides take place 

at rather slow rate, but on large areas. In addition, Karagas, Ahsan, Gossai, Pendergrast, 

Slaughter, Argos, Signes-Pastor and Davis (2017), noted that one of the routes by which toxic 

trace metals such as copper (Cu), lead (Pb), zinc (Zn) and cadmium (Cd) find their way into 

human system is through food consumption. 
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Trace metal mobility across the food chain has been of concern to food experts in view of the 

health implications (Docekalova et al., 2012). Metals such as Cd, Pb, Cr, Ni, Zn, Hg and Cu can 

be deposited on farmlands which may then be taken up by agricultural farm produce. Through 

this route, the metals can find their way into the food chain including humans. Previous 

studies on the level of heavy metals around Tsumeb was carried out by (Johnson and Myers, 

2012; Ellmies et al., 2015). None however, focused on possible distribution and impact 

outside the vicinity of this area especially in relation to human health. Some of the farm 

produce, especially fruits, are consumed directly with great implications on human health. In 

view of this, the project intends to assess the level, distribution, and dynamics of selected 

toxic trace metals (Cd, Pb, Cu and Zn) in soil and farm produce from selected cultivated sites 

around Tsumeb, Grootfontein and Otavi localities of Namibia. 

 

2.3 Heavy metal contents of soil 

Soil represents direct sink for contaminants that were released into the atmosphere by 

anthropogenic polluting activities including mining. Contaminants associated with 

particulates emitted from mining operations are usually concentrated in the fine fraction (<2 

mm), and those from smelting even concentrated in the ultrafine particle fraction (<0.5 mm), 

which may travel greater distances into the environment (Uzu et al., 2011). Heavy metals can 

be deposited on soil of farmlands which are then taken up by plants and agricultural farm 

produce. Some metals like zinc, copper, iron and cadmium are important components of 

many alloys, wires, tires and many industrial processes and could be released into the 

roadside soil and plants as a result of mechanical abrasion and wear (Quasar and Kamal, 

1999).  

 

Since these metals are not biodegradable, they persist and accumulate over a long time in the 

soils and vegetation resulting to serious environmental pollution (Mutai et al., 2015). This calls 

for an increasing concern because the pollution may eventually result in negative influence 

on plants, animals and humans through food chain (Mtuazi et al., 2015). The determination 

of metals in soil and vegetation samples is very important in monitoring environmental 

pollution (Al-Khashman, 2012). Overload of metal ions in soil environment clearly poses a 

significant risk to the quality of soils, plants, natural waters and human health (Adraino, 2001). 

The presence of heavy metals in soil could be a double-edged sword ranging from the role in 
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normal growth of plants and living organisms to toxicity associated with presence of certain 

metals (Pb, Cd and Hg etc).  

 

2.4 Sources of heavy metals in soils 

Heavy metals are introduced to the soil environment through a variety of sources such as 

combustion, extraction processes, agricultural runoff, transportation of dissolved metals etc. 

(Akhilesh et al., 2009). They further stated that frequent use of heavy metal-contaminated 

water in agricultural field’s leads to soil pollution and gradually enriching the soil.  Different 

studies have revealed that the presence of toxic heavy metals like iron (Fe), lead (Pb), mercury 

(Hg) reduce soil fertility and agricultural output. Anthropogenic activities, such as mining and 

industrial processing, were reported as the main sources of heavy metal contamination in the 

environment (Xilong et al., 2005).  

 

There are different sources of toxic element in urban soils (Thomas et al., 2015). Their loads 

in and around human settlements are a global problem. Human activities through industrial, 

agricultural, traffic, domestic, mining and other anthropogenic processes have contributed to 

elevated and toxic levels of these metals when compared to those contributed from geogenic 

or lithological processes (Pam et al., 2013).  

 

2.5 Public health problem of heavy metals contamination 

Some of the farm produce, especially fruits and vegetables, are consumed directly without 

precooked which can pose great implications on human health. Also as people become health 

concerned, they consume more fresh fruit and vegetable sometimes direct from the farms 

which can pose health problems if the soil where the farm produce has been contaminated 

with heavy metals and a bioaccumulation of the trace metals occurs in the farm produce 

which in returns end up in the human body when consumed. According to Ali, Elhagwa, Elfaki, 

Sulieman (2017), heavy metal inputs into agricultural soils due to atmospheric deposition and 

application of commercial fertilizers, animal manure, sewage sludge and pesticides take place 

at rather slow rate, but on large areas. In addition to that, Karagas, Ahsan, Gossai, 

Pendergrast, Slaughter, Argos, Signes-Pastor and Davis (2017) notes that, one of the routes 

by which toxic trace metals such as copper (Cu), lead (Pb), zinc (Zn) and cadmium (Cd) find 

their way into human system is through food consumption. 
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Other researchers also reported on age-related diseases (Prakash, Upadhyay, Gupta, 

Pushpangadan, & Singh, 2012). According to (Jarup, 2003), some heavy metals (As, Cd, and 

Pb) have no known beneficial role in human metabolism and are considered as chemical 

carcinogens even at very low levels of exposure. It has been reported that the dietary intake 

of lead, copper, and chromium through food is due to plant origin (fruits, vegetables, and 

cereals) and it is sometimes higher than permissible limits within urban areas (Yebpella et al., 

2011). The contamination of farm produces with heavy metals due to soil and atmospheric 

contamination poses a threat to its quality and safety. High concentrations of heavy metals 

(Cu, Cd and Pb) in fruits and farm produces were related to high prevalence of upper 

gastrointestinal cancer (Turkdogan et al., 2002).  

 

Regulations have been set up in many countries and for different industrial set up to control 

the emission of heavy metals. This research is mainly on the analysis of distribution and 

dynamic of toxic of heavy metals in cultivated farm produce from Tsumeb, Grootfontein and 

Otavi localities in Namibia. This means that the research topic is examining the varying 

occurrence of various farm products like, cabbages, cassava, maize, carrots, spinach, pier melt 

and sweet potatoes toxic of heavy metals in Tsumeb, Grootfontein and Otavi, in Namibia. 

According to Ali, Elhagwa, Elfaki, Sulieman (2017), heavy metal inputs into agricultural soils 

due to atmospheric deposition and application of commercial fertilizers, animal manure, 

sewage sludge and pesticides take place at rather slow rate, but on large areas. Air pollution 

may pose a threat to post-harvest farm produces during transportation and marketing, 

causing elevated levels of heavy metals in farm produces (Agrawal, 2003). Demonstration and 

determination of trace metals in food are an important task for nutritionists, 

environmentalists and scientists. Farm produce such as fruits are some of the most common 

foods of human diet. These are rich sources of vitamins, minerals, fibres and also take on a 

dependable anti-oxidative effect. 

 

2.6 Heavy metals analysis using ICP-OES 

Inductively coupled plasma/optical emission spectrometry (ICP-OES) is a spectroscopic 

technique suitable for trace elements analysis in several types of samples. The technique is 

based on the unprompted emission of photons from atoms and ions that have been excited 

in a radiofrequency (RF) discharge. Samples are usually introduced into the plasma in liquid 
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form; thus, solid samples require acid digestion prior to injection, while gas and liquid samples 

may be injected directly into the instrument. The sample solution is converted to an aerosol 

then sends into the centre of the plasma which maintains high atomization temperature of 

around 10,000 K. As the plasma free atoms in the gaseous state are generated and adequate 

energy is often available to convert the atoms to ions then promote the ions to excited states. 

The ionic excited state species may then return to the ground state via emission of photons. 

Specific wavelength of the photons can be used to identify the elements and the number of 

photons is directly proportional to the concentration of the element. Quantitative 

determination of As, Cu, Zn, Cd, and Pb in soft drink samples collected from several regions 

in Turkey was conducted by ICP-OES (Bıngöl, Yentür, Er and Öktem, 2010). Also, Raja et al. 

(2009) reported on Heavy metals concentration in four commercially valuable marine edible 

fish species from Parangipettai Coast, South East Coast of India using ICP-OES.  

 

2.7 Previous studies on distribution of heavy metals in farm soils 

Heavy metal contamination of farm produces cannot be underestimated since human 

population depended on foodstuff for day to day living. Farm produces are rich sources of 

essential nutrients to humans and also have beneficial antioxidative effects. However, intake 

of heavy metal-contaminated farm produces may pose a risk to the human health. Heavy 

metal contamination of the food items is one of the most important aspects of food quality 

assurance (Marshall, 2004; Radwan and Salama, 2006; Khan et al., 2008). Rapid and 

unorganized urban and industrial developments have contributed to the elevated levels of 

heavy metals in the urban environment of developing countries such as in Egypt by Radwan 

and Salama (2006). The release of heavy metals from industrial and vehicular active may lead 

to their deposition on the farm produce surfaces during production processes, transportation 

of these product and also during their marketing of the farm products.  

 

A study in Saudi Arabia by Al Jassir et al. (2005) reported an elevated concentration of toxic 

heavy metals in farm produce sold in open markets of the city of Riyadh occasioned by 

atmospheric deposition.  In a recent study by Sharma et al. (2008a, b) reported that 

atmospheric deposition may results in the elevation of the levels of heavy metals 

deterioration of farm produce. The study indicated that the ingestion of increase levels of 

heavy metals through foodstuff pathways may results to disease and damage to the livers and 
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kidney of human (WHO, 1992; Jarup, 2003). Some heavy metals such as Cu, Zn, Mn, Co and 

Mo serve as essentials micronutrients and help in the growth of humans and animals only if 

they are present in trace quantities. On the other hand, other metals such as Cd, As, and Cr 

are considered carcinogenic (Feig et al., 1994; Trichopoulos, 1997). 

 

The contamination of farm produces with heavy metals due to soil and atmospheric 

contamination poses harm to its quality and consumption safety. Dietary intake of heavy 

metals also poses risk to animals and human health. Heavy metals such as Cd and Pb have 

been shown to have carcinogenic effects (Trichopoulos, 1997). High concentrations of heavy 

metals (Cu, Cd and Pb) in fruits and farm produces were related to high prevalence of upper 

gastrointestinal cancer (Turkdogan et al., 2002). Regulations have been set up in many 

countries and for different industrial set up to control the emission of heavy metals. The 

uptake of heavy metals in farm produces are influenced by some factors such as climate, 

atmospheric depositions, the concentrations of heavy metals in soil, the nature of soil on 

which the farm produces are grown and the degree of maturity of the plants at the time of 

harvest (Lake et al., 1984; Scott et al., 1996).  

 

Air pollution may pose a threat to post-harvest farm produces during transportation and 

marketing, causing elevated levels of heavy metals in farm produces (Agrawal, 2003). The 

mining and smelting of metal ores are one of the important sources of environmental 

pollution by metals and metalloids (Nriagu, 1996). According to a global inventory by Nriagu 

and Pacyna (1988) in the late 1980s, about 106kg Pb, and 106 kg Zn were released into the 

environment annually through mining and smelting activities. More recently, Pirrone et al. 

(2010) estimated that ore mining and processing is responsible for 13% of global Hg 

emissions. Despite the fact that Hg, Pb, and Cd emissions from the non-ferrous metal industry 

decreased in Europe over the last 50 years due to the installation of efficient flue gas cleaning 

systems (Pacyna et al., 2009), the increasing industrial activities on other continents (Asia, 

Africa) could significantly affect the global emissions of metals (Pirrone et al., 2010; Zhang et 

al., 2011).  

 

Zhang et al. (2011) estimated that up to 2007 cumulative emissions from mining, ore dressing, 

and smelting activities in China were about 1.62 Mt Pb and 3.32 Mt Zn, with the contribution 
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of the smelting processes accounting for 19% and 27%, respectively. It is known that large-

scale non-ferrous metal smelters are important local-to-regional sources of pollution. For 

instance, Li et al. (2011) reported that the largest Pb/Zn smelter in China, located in Zhuzhou 

(Hunan), emitted 77.82 tonnes of Cd into the atmosphere in the period 1991 to 2000, 

accounting for 95% of total emissions from the city. Soils represent direct sinks for 

contaminants emitted to the atmosphere by smelters. Contaminants associated with 

particulates emitted from mining operations are usually concentrated in the fine fraction (<2 

mm), and those from smelting even concentrated in the ultrafine particle fraction (<0.5 mm), 

which may travel greater distances into the environment (Ettler et al., 2005a; Uzu et al., 2011; 

Csavina et al., 2011, 2012, 2014; Sorooshian et al., 2012). This was perfectly demonstrated by 

Hou et al. (2006), who studied Pb concentrations and isotope compositions in soils affected 

by the Horne copper smelter (Rouyn-Noranda, Canada), and found that the signature of the 

smelter's emissions was to be found as far as 116 km downwind.  

 

Soils represent direct sinks for contaminants emitted to the atmosphere by smelters. 

Contaminants associated with particulates emitted from mining operations are usually 

concentrated in the fine fraction (<2 mm), and those from smelting even concentrated in the 

ultrafine particle fraction (<0.5 mm), which may travel greater distances into the environment 

(Ettler et al., 2005a; Uzu et al., 2011; Csavina et al., 2011, 2012, 2014; Sorooshian et al., 2012). 

This was perfectly demonstrated by Hou et al. (2006), who studied Pb concentrations and 

isotope compositions in soils affected by the Horne copper smelter (Rouyn-Noranda, Canada), 

and found that the signature of the smelter's emissions was to be found as far as 116 km 

downwind.  

 

However, highly volatile contaminants such as Hg can be deposited in soils to lesser extent. 

Wu et al. (2014) calculated that a large-scale Pb/Zn smelter in Zhuzhou (China) emitted 105t 

of Hg during the period 1960 to 2011, with only 14% of this amount deposited locally in the 

soil, with the remainder emitted into the global pool. Historic smelting activities were often 

responsible for extensive soil contamination having persisted through to modern times. Baron 

et al. (2006) studied medieval metallurgical sites at the Mont-Lozere Massif (southern 

France), and estimated from the mass balances and isotope compositions that 95% of Pb in 
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the soils originated from the medieval metallurgical workshops, rendering later pollution 

sources negligible.  

 

Similarly, Kierczak et al. (2013) found that soils in the areas around historic smelters, which 

were active between the 14th and 16th centuries, are still highly polluted with metal(loids)s 

(up to 4000 mg/kg Cu, 1500 mg/kg Zn, 300 mg/kg As, and 200 mg/kg Pb) due especially to the 

centuries-long dissolution of smelter wastes into the soils. They concluded that the legacy of 

old smelting sites, even those which have not been operational for centuries, must still be 

considered as a serious environmental problem today. Demonstration and determination of 

trace metals in food are an important task for nutritionists, environmentalists and scientists. 

Farm produces and Fruits are some of the most common foods of human diet in all around 

the humankind. These are rich sources of vitamins, minerals, fibres and also take on a 

dependable anti-oxidative effect. 
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CHAPTER THREE: RESEARCH METHODOLOGY 
 
3.1 Sample and sample collection 

Soil and agricultural farm produce such as (maize, pearl millet, spinach, cabbage, sweet 

potato, carrots and cassava). Three samples that are available throughout the year were 

collected from farm sites in Tsumeb, Grootfontein and Otavi once every two months for six 

periods. Samples of maize, pearl millet, spinach, cabbage, sweet potato, carrots, cassava and 

of their respective soils were collected from 3 different locations in Tsumeb, Grootfontein and 

Otavi. The samples were placed in zipper plastic bags, labelled accordingly and were then 

transported to Environmental Health Department, Namibia University of Science and 

Technology for pre-treatment and laboratory for analysis. Simultaneously, soil sample from 

the same locations of farm produce were collected from a depth of 2 to 15 cm by using a non-

steel sampler (scoop sampling).  

 

3.2 Selected food samples 

To analysis for heavy metals in soil and food sample from the three selected locations, the 

following food samples presented in table 3.1 were selected.  

Table 3.1: Farm produce collected for sampling purposes 

Carrot 
(Daucus Carota) 
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Spinach 
(Spinacia Oleracea) 

       

 

Cassava 
(Manihot esculenta) 

        

 

Maize 
(Zea mays) 

       

 

Pearl Millet 
(Eleusine Coracana) 
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Cabbage 
(Brassica oleracea) 

             

 

 

3.3 Study Area 

Namibia's population is estimated at 2.1 million according to Namibia Population Census of 

2011 (NPS 201). Namibia is one of the least densely populated countries in the world with just 

3.13 people per square kilometre. Figure 3.1 show the Map of Namibia with location where 

samples were collected. 

 

3.3.1 Tsumeb 

 Tsumeb (Otjiherero name: Okavisume) is a city of 15,000 inhabitants according to Namibian 

Population census of 2011 (NPC, 2011). Tsumeb is the largest town in the Oshikoto region in 

northern Namibia located at 19o13’59.99’’S; 17o43’0.01’’E. Tsumeb is the "gateway to the 

north" of Namibia. It is the closest town to the Etosha National Park. Tsumeb used to be the 

regional capital of Oshikoto until 2008 when Omuthiya was proclaimed a town and the new 

capital. The area around Tsumeb forms its own electoral constituency and has a population 

of 44,113. The town is the site of a deep mine (the lower workings now closed), that in its 

heyday was known simply as "The Tsumeb Mine" but has since been renamed the Ongopolo 

Mine. 

 

3.3.2 Grootfontein 

 Grootfontein (English: Large Spring after the nearby hot springs) is a city of 23,793 inhabitants 

in the Otjozondjupa Region of central Namibia (NPC 2011). It is located at 19o34’0.01’’S; 

18o7’0.01’’E. Grootfontein is one of the three towns in the Otavi Triangle, situated on the B8 

national road that leads from Otavi to the Caprivi Strip. Grootfontein receives an annual 
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average rainfall of 557 millimetres (21.9 in), although in the 2010/2011 rainy season 956 

millimetres (37.6 in) were measured. 

 

3.3.3 Otavi  

 Otavi is a town of 4,000 inhabitants in the Otjozondjupa Region of central Namibia located 

in19o65’0.01’’S; 17o20’0.01’’E. It is the district capital of the Otavi electoral constituency. Most 

of the area is dolomitic (Precambrian) and the district was in the past renowned for its mineral 

wealth. Most of the deposits have now been exhausted. 

 

 

Fig 3.1: Map of Namibia and in-set, the region and areas of sample collection 

 

3.4 Research design  

Exploratory and experimental research design was adopted in the study. This type of research 

design is appropriate since determinants on which the evaluation and interpretation of data 

were based on the investigation for possible presence through scientific laboratory processes. 

Similar approaches have been used in previous studies (Mohammed and Al-Qahtani, 2012). 

Purposive sampling for data collection purposes was adopted. One agricultural farmland from 

each of the study areas (Tsumeb, Grootfontein and Otavi) was selected for this study. 
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Purposive sampling site selection was carried out based on farm owners’ acceptance of 

collecting samples from the farmland. Samples were collected once every two months for 

twelve (12) months. Hence, six (6) sets of samples/data were generated from the exercise.  

 

Soil and agricultural farm produce that are commonly cultivated were sampled. These include 

and Maize, Pearl Millet, Spinach, Cabbage, Sweet potato and Cassava). Food samples were 

collected based on seasonal availability across the three sampling sites. Three (3) samples 

were selected from the agricultural farm and collected from the identified sample sites. 

Hence, a total of nine food samples and three soil samples were collected per sample 

collection period. Soil samples were collected and analysed with the aim of establishing 

possible transfer/dynamics of trace metals from the soil to the produce.  

 

3.4.1  Sample preparation 

All farm produce samples were thoroughly washed with water and then with distilled water 

in order to remove any attached soil particles. They were then cut into small pieces, places in 

clean crucibles and then dried in the oven at 105 °C for a period of 24 hours. Collected soil 

samples were already dry, however, they were also further air-dried for about 24 hours. Dried 

food samples were grounded using clean acid-washed mortar and pestle and then sieved 

using a 0.5 mm sieve, stored in labeled plastic containers until analysis. Dried soil samples 

were also sieved using 0.2 mm sieve and analysis was based on the fine soil particles obtained 

from this process.  

 

3.4.2 Experimental  

Experimental (qualitative and quantitative) analysis of samples involve sample digestion, pre-

concentration, extraction, and metal determination was conducted following previously 

described method (Opaluwa et al., 2012).  

 

3.4.2.1  Metal extraction from food samples 

Briefly, the method involves digesting gently on low heat about 2g of food sample with 15 ml 

of nitric acid, 20 ml of perchloric acid and 15 ml of hydrofluoric acid on hotplate for about 2 

hrs in the fume hood. On cooling, the digested sample were filtered into 50 ml standard flask, 

made up to mark with deionised water and the metallic content determined using Inductively 
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Coupled-Plasma Optical Emission Spectrophotometer (ICP-OES). For food samples, 2-3 g of 

dried powdered samples were digested with 10 ml of perchloric acid, 5 ml of nitric acid and 5 

ml of sulphuric acid in the fume hood for about 1 hr. At the end, the digest is allowed to cool, 

filtered into 50 ml standard flask and make up to the mark with deionised water. The metallic 

content is determined using Inductively Coupled-Plasma Optical Emission Spectrophotometer 

(ICP-OES). Blank digestion was carried out to check for any background influence. Data 

obtained were subjected to statistical analysis for proper interpretation and discussion.  

 

3.4.2.2  Metal extraction from soil samples (3-Steps BCR Extraction Process) 

A three-step modified BCR sequential extraction procedure was used to obtain exchangeable, 

reducible-iron/manganese oxides, oxidizable-organic matter and sulphides and residua 

fractions (Li, 2012). 

 

Step 1 (Exchangeable Fractions) 

40 cm3 of acetic acid (0.11 M) was added to 1 g of soil and shaken for 16 hours using 

mechanical agitator. The extract was separated from the solid residue by centrifugation, 

filtered with a filter paper (0.45 μm) and stored in a polyethylene container at 4˚C until 

needed. The residue was washed with 20 cm3 of deionized water, shaken for 20 minutes, 

centrifuged and the supernatant discarded ensuring that no solid residue was lost. 

 

Step 2 (Reducible-Iron/Manganese Oxides) 

40 cm3 of hydroxyl ammonium chloride solution (0.5 M, pH = 2) was added to the residue 

obtained in step 1 and extracted using the procedure in step 1. 

 

Step 3 (Oxidizable-Organic Matter and Sulphides) 

10 cm3 of hydrogen peroxide solution (30%) was added to the residue obtained in step 2 and 

digested at room temperature for 1 hr. The digestion was continued by heating at 85˚C in the 

digestion block for 1 hr to reduce the volume to less than 3 cm3. A second aliquot of hydrogen 

peroxide solution (30%, 10 cm3) was added and the digestion procedure repeated. 50 cm3 of 

ammonium acetate (1 M, pH = 2) was added to the cool moist residue. The sample was 

shaken, centrifuged and the extract separated as described in step 1. The metallic content is 

determined using Inductively Coupled-Plasma Optical Emission Spectrophotometer (ICP-

OES). Blank digestion was carried out to check for any background influence.  
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3.5 Quality Assurance 

Quality control tests was carried out on the soil and farm produce samples in order to 

evaluate the applicability of the experimental process. Standard metal addition method of 

pre-digested samples of farm produce and soil with 0.5 ppm of analysed metals (Hg, Mn, Ni, 

Cr, Cu, Pb, and Zn) prepared from 1000μg/g stock standard solution was carried out. The 

spiked samples were then digested following the same procedure as that of soil and farm 

produce samples. Detection of analysed metals was conducted using Inductively Coupled-

Plasma Emission Spectroscopy (ICP-OES). 

 

3.6 Data analysis 

Data generated from the instrumental analyses of digested samples were presented in 

tabular and graphical forms as applicable. 

 

 

3.7 Research ethics 

Ethical clearance was obtained from the Faculty of Health and Applied Sciences of the 

Namibia University of Science and Technology. Additional approval was obtained from the 

Namibian Ministry of Agriculture, Water & Forestry as well as from the local authorities of 

Tsumeb, Grootfontein and Otavi.  

 

 

3.8  Statistical Analysis 

3.8.1 Accumulation Factors (AFs) of Heavy Metals  

The processed data provided an indication of possible incidences and level of trace metals in 

soil and analysed food samples. It revealed possible mobility/distribution of these trace 

metals among analysed samples as well as potential health implications to consumers. 

Accumulation factors (AFs) is defined as the ratio of the metal concentrations in plants/the 

edible parts of the vegetable to the metal concentrations in the soil. 

AF= Cplant/Csoil)……………………………………………………………………………………………………...............3.1 

AF can be used to estimate the ability of plants/vegetables to accumulate metals in their 

edible parts (Kaewtubtim et al., 2018). 
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3.8.2 Single Element Pollution Index (SEPI)  

SEPI is a well-known index for evaluating the levels of contamination of soil (Obaidy et al., 

2013). Single pollution index in this study was calculated from equation 3.2. 

SEPI= metal content in soil/permissible level of metal……………….………………………………........3.2  

 

The permissible level of metals in soil suggested by Kabata-Pendias (2004) was used for 

calculation and each heavy metal was classified as low contamination (SEPI ≤ 1), moderate 

contamination (1<SEPI ≤3) or high contamination (SEPI>3) (Chen et al. 2005). The permissible 

used for the calculation of SPEI are presented in Table 4.1. 
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CHAPTER FOUR: RESULTS AND DISCUSSION 

4.1 Introduction 

 The previous chapter presented the research design and the methodology used to collect 

data. In this chapter, the collected data were analysed and presented in tables and graphs 

and end with a conclusion.  

 

Results of the quality assurance process of applied methods showed Percentage recoveries 

of standard metal addition of pre-digested samples to be in the range of 90-96% for the 

analysed metals. This range showed the applicability of the analytical process utilised as well 

as reliability of the results obtained. 

 

The WHO/FAO Maximum Allowable Limits (MALs) of heavy metals in plants/vegetation and 

soil is as presented in Table 4 below. This table will be used in evaluating the level of heavy 

metals obtained in collected samples. 

 

Table 4.1: Maximum Allowable Limits (mg/kg) of Heavy Metal in Soils and Vegetables  

Element Samples 

 Soil Vegetable 

Cr 100                                1.30 

Mn 2000 500 

Hg 0.03 0.03 

Ni 50 67.0 

Cu 100 73.0 

Zn 300 100 

Pb 100 0.30 

Source: (WHO/FAO, Codex Alimentarius, 2002) 

 

4.2 Heavy metals in food and soil samples after first sampling  

Results of the level of analysed heavy metals in food samples and soil during the first period 

of sampling (20 July 2017) are as presented in Tables 4.2 and 4.3 respectively. Results of the 

bioaccumulation factors (BAFs) of the metals are presented in Tables 4.4. 
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Table 4.2: Level of heavy metals (mg/kg) in analysed food samples collected in Tsumeb, 
Grootfontein and Otavi on the 20th July 2017 

SA         FS Metals  

T SP Cr Mn Hg Ni Cu Zn Pb 

7.35 18.8 0.80 0.92 ND ND ND 

 CA 4.25 6.17 0.56 1.62 ND ND ND 

 X 5.8±1.6 12.5±6.3 0.68±0.12 1.27±0.4 ND ND ND 

         

G SN 1.57 389 0.41 ND 6.23 17.7 2.58 

 CR 1.82 30.0 0.40 1.42 4.03 17.6 2.68 

 CB ND 41.4 ND ND ND 4.35 0.92 

 X 1.7±0.2 153.5±205 0.405±0.1 1.4 5.13±1.6 13.22±7.7 2.06±1.0 

         

O SN 0.23 52.3 0.51 ND 10.6 19.3 3.83 

 CR 1.01 11.5 0.84 0.61 4.06 12.5 5.65 

 CB 0.67 123 0.59 ND ND 9.80 3.66 

 X 0.64±0.4 62.3±56.4 0.65±0.17 0.61 7.33±6.6 13.87±5.0 4.38±2.0 

SP = Sweet Potatoes; CA = Cassava SN = Spinach; CR = Carrot; CB = Cabbage; X = mean T = Tsumeb; 
G= Grootfontein O = Otavi; SA = Sample Area; FS = Food Sample; ND = Not Detected 
 

The level of toxic heavy metal in food samples from the farmland in Tsumeb were 7.35 mg/kg 

(Cr) in Sweet Potatoes; 4.25 mg/kg in Cassava;  18.8 mg/kg (Mn) in sweet potatoes; 6.17 

mg/kg in cassava; 0.80 mg/kg (Hg) in sweet potatoes; 0.56 mg/kg in cassava; 0.92 mg/kg (Ni) 

in sweet potatoes; 1.62 mg/kg in cassava; and Cu, Zn and Pb were not detected in both sweet 

potatoes and cassava. The level of analysed metals in food samples from the farmland in 

Grootfontein were  1.57 mg/kg (Cr) in spinach; 1.82 mg/kg in carrots; ND in cabbage; 389 

mg/kg (Mn) in spinach; 30.0 mg/kg in carrots; 41.4 mg/kg in cabbage; 0.41 mg/kg (Hg) in 

spinach; 0.40 mg/kg in carrots and ND in cabbage. Nickel was also ND in spinach; 1.42mg/kg 

was recorded in carrots; 6.23 mg/kg of Cu in spinach; 4.03 mg/kg in carrots and ND in cabbage.  

 

With respect to Zn, 17.7 mg/kg was recorded in spinach; 17.6 mg/kg in carrots; 4.35 mg/kg 

cabbage; 2.58mg/kg (Pb) in spinach; 2.68 mg/kg in carrots and 0.92 mg/kg in cabbage. And 

the level of toxic heavy metal in food samples from the farmland in Otavi were 0.23 mg/kg 

(Cr) in spinach; 1.01mg/kg in carrots; 0.67 mg/kg in cabbage; 52.3 mg/kg (Mn) in spinach; 

11.5mg/kg in carrots; 123 mg/kg in cabbage; 0.51 mg/kg (Hg) in spinach; 0.84 mg/kg in carrots 

and 0.59 mg/kg in cabbage; (Ni) was not detected in both spinach and cabbage; 0.61 mg/kg 

in carrots;  10.6 mg/kg (Cu) in spinach;  4.06 mg/kg in carrots;  cabbage it was not detected 

19.3 mg/kg  (Zn) in spinach; 12.5 mg/kg in carrots; 9.80 mg/kg in cabbage; 3.83 mg/kg (Pb) in 
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spinach; 5.65 mg/kg in carrots; 3.66 mg/kg in cabbage for the period of 20th July 2017  

respectively. 

 

The permissible limit of Chromium in vegetable 1.30mg/kg as indicated in the 

recommendation of WHO/FAO. Concentration of chromium were as follow, in Sweet 

potatoes 7.35 mg/kg, 18.8 mg/kg in Cassava (Tsumeb), 1.57 mg/kg in sweet potatoes, 1.82 

mg/kg in Carrots (Grootfontain) farm produce during the first sampling period, which is higher 

the permissible level. The permissible limit of Nickel in plants recommended by WHO/FAO is 

10mg/kg.  The level of Nickel (Ni) in farm produce samples ranged between 0.23, 0.61, 0.67, 

0.92, 1.01 to 1.62 mg/kg which is below the permissible limit. The permissible limit of copper 

for plants is 10mg/kg recommended by WHO. Copper in farm produce samples ranged 

between 4.03, 4.06, 6.23 to 10,6 mg/kg. Most of these farm produces are found to be below 

the permissible limit in vegetable as recommended by WHO. Lead in farm produce samples 

ranged between 0.92, 2.58, 2.68, 3.66, 3.83 to 5.65 mg/kg, which is below the permissible 

limit including Cabbage for the first sampling period (20 July 2017).  

 

Table 4.3:  Soil metal fraction (BCR) collected in Tsumeb, Grootfontein and Otavi during period 
(20 July 2017) 

SA SS    Metals    

       Cr Mn Hg Ni Cu Zn Pb 

    T EXB 0 25.57 11.95 0 0.02 15.90 11.95 
 RIM 0 14.75 11.96 0 0 12.28 11.96 

 OM 2.4 4500.83 0 3.62 6.07 11.37 4.18 

 X 0.8±1.1 1513.7±259.9 7.97±6.9 1.21±2.1 2.03±3.5 13.18±2.40 9.36±4.49 

 G EXB 0 24.26 11.96 0.08 0.08 0.31 11.96 

 RIM 0 18.87 11.96 0.03 0 0.56 11.96 

 OM 0.36 3908.08 0 1.63 4.74 3.16 0.61 

 X 0.12±0.2 1317.07±2243.9 7.97±6.9 0.08±0.9 1.61±2.7 1.35±1.58 8.18±6.55 

    O EXB 0 40.02 11.94 0 0 0 11.94 
 RIM 0 13.49 11.94 0 0 11.78 11.94 

 OM 1.22 3195.17 0 1.58 5.25 11.68 1.58 

 X 0.41±0.7 1082.9±1829.4 7.96±6.9 0.53±0.9 1.75±3.1 7.82±6.8G 8.49±5.98 

EXB = Exchangeable; RIM = Reducible-iron/Maganese Oxides; OM = Oxidizable-Organic-Matter; X = 
mean; SA = Sampling Area; SS = Soil Sample; T = Tsumeb; G = Grootfontein; O = Otavi 
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The mean concentration of HMs in soil samples from Tsumeb during the first sampling period 

(20 July 2017) ranged from 0.8mg/kg; 1513.7mg/kg; 7.97mg/kg; 1.21mg/kg; 2.03mg/kg; 13.18 

and 9.36mg/kg for Cr, Mn, Hg, Ni, Cu, Zn and Pb respectively. While the values in the soil from 

Grootfontein during the same period of (20 July 2017) varied from 0.12mg/kg; 1317.07mg/kg; 

7.97 mg/kg; 0.08mg/kg; 1.61mg/kg; 1.35mg/kg and 8.18mg/kg for Cr, Mn, Hg, Ni, Cu, Zn and 

Pb respectively. As for Otavi the soil samples concentration obtained for the period of (20 July 

2017) were 0.41mg/kg; 1082.9; 7.96mg/kg; 0.53mg/kg; 1.75mg/kg; 7.82mg/kg and 

8.49mg/kg for Cr, Mn, Hg, Ni, Cu, Zn and Pb respectively.  For the above results, the levels of 

HMs found to be lower than the maximum permissible limit in soil, however this showed the 

availability of the plant to uptake the metals. The source of these metals may include 

atmospheric particulate matter (PM) deposition from Anthropogenic activities and other 

natural occurring.  

 

The AFs of HMs were deduced using the metal exchangeable fraction from the Speciation 

analysis. This is because these are the available metals in the soil for the plant uptake. 

 
Table 4.4: Accumulation factors/metal uptake by food samples collected in Tsumeb in 
Grootfontein and Otavi on the 20th July 2017 

SA                    FS Metals  

  Cr Mn Hg Ni Cu Zn Pb 

T SP - 0.07 0.07 - - - - 

 CA - 0.2 0.05 - - - - 

G SN - 16.03 0.03 - 77.9 60.0 0.2 

 CR - 1.24 0.03 17.8 50.4 56.8 0.2 

 CB - 1.7 - - - 14.0 0.08 

O SN - 1.3 0.04 - - - 0.3 

 CR - 0.29 0.07 - - - 0.47 

 CB - 3.07 0.05 - - - 0.31 

SN = Spinach; CR = Carrot; CB = Cabbage; T = Tsumeb; G= Grootfontein; O = Otavi; SA = Sample Area; 
FS = Food Sample 

 

The AFs of HMs such as Mn, Ni, Cu and Zn in some food samples during sample collection 

period of 20 July 2017 recorded values much greater than 1.0 (Table 4a3). However, AF values 

of < 1 were generally recorded for Cr, Pb and Hg across the sampling areas. These generally 

revealed the accumulation of the metals in the food samples. Higher AFs values such as 16 

(Mn), 78 and 50 (Cu), 60 and 57 in Zn showed higher mobility and uptake of the metals by the 
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food samples. More worryingly is the fact these higher metallic mobilities were obtained in 

food samples (Spinach, Carrot and Cabbage) that are regarded as common, staple and widely 

eaten. Bioaccumulation of these metals in consumers is highly possible as a result of long-

term consumption with serious health effects. Although these metals were found in soils and 

plant in both sites, it is worthy of note that they were above WHO permissive levels, is still 

safe i.e. the values are below the tolerable levels of 90-300mg/kg recommended by European 

Commission (EC), 1986, but in very high concentrations plants may pose danger to consumers 

of plants around these areas. However, continuous usage of these farmlands for growing 

crops could lead to bioaccumulation of these metals and their eventual entry into the food 

chain with the associated health risks being manifested. 

 

4.3 Heavy metals in food and soil samples after second sampling 

Results of the level of analysed heavy metals in food samples and soil during the second 

sampling period (25 July 2017) are as presented in Tables 4.5 and 4.6 respectively. Results of 

the accumulation factors (AFs) of the metals are presented in Tables 4.7 

 

Table 4.5: Level of heavy metals (mg/kg) in analysed food samples collected in Tsumeb, 
Grootfontein and Otavi on the 25th October 2017 

SA             FS Metals  

  Cr Mn Hg Ni Cu Zn Pb 

T SN 1.06 151 0.36 1.84 14.9 209 2.17 

 CA 8.37 50.8 1.03 3.76 10.8 22.8 4.24 

 SP 0.63 40.1 0.82 0.27 6.12 0.53 2.97 

 X 3.35±4.4 80.6±61.2 0.74±0.3 1.96±1.8 10.61±40 77.4±11.5 3.13±1.0 

         

G SN 2.06 635 0.39 ND 7.06 19.7 2.94 

 CR 2.02 18.4 1.49 0.40 ND 19.7 24.8 

 MZ 1.62 6.74 ND 2.06 ND 28.0 ND 

 X 1.9±0.24 220.5±359.4 0.94±0.9 1.23±1.2 7.06 22.5±4.8 13.87±15.5 

         

O SN 6.80 74.0 ND ND 7.19 19.4 ND 

 CR 1.20 15.0 2.66 1.01 5.32 36.2 6.22 

 CB 3.13 105 1.36 ND ND 29.0 ND 

 X 3.71±2.8 64.5±45.7 2.01±0.9 1.01 6.26±1.3 28.2±8.4 6.2 

SP = Sweet Potatoes; CA = Cassava SN = Spinach; CR = Carrot; CB = Cabbage; X = mean T = Tsumeb; 
G= Grootfontein O = Otavi; SA = Sample Area; FS = Food Sample 
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The level of toxic heavy metal in food samples from the farmland in Tsumeb were 1.06 mg/kg 

(Cr) in Spinach; 8.37 mg/kg in Cassava;  0.63 mg/kg in Sweet Potatoes;  151 mg/kg (Mn) in 

Spinach; 50.8 mg/kg in cassava; 40.1 mg/kg in Sweet potatoes; 0.36 mg/kg (Hg) in Spinach; 

1.03 mg/kg in cassava; 0.82 mg/kg in Sweet Potatoes; 1.84 mg/kg (Ni) in Spinach; 3.76 mg/kg 

in cassava; 0.27 mg/kg in Sweet Potatoes; 14.9 mg/kg  (Cu) in Spinach; 10.8 mg/kg in 

Cassava;6.12 mg/kg in Sweet Potatoes; 209 mg/kg (Zn) in Spinach; 22.8 mg/kg in Cassava; 

0.53 mg/kg in Sweet Potatoes; 2.17 mg/kg (Pb) in Spinach; 4.24 mg/kg in Cassava; 2.97 mg/kg 

in Sweet Potatoes. While the level of toxic heavy metal in food samples from the farmland in 

Grootfontein were  2.06 mg/kg (Cr) in Spinach; 2.02 mg/kg in Carrots; 1.62 mg/kg in Maize; 

635 mg/kg (Mn) in Spinach;  18.4 mg/kg in Carrots; 6.74 mg/kg in Maize; 0.39 mg/kg (Hg) in 

Spinach; 1.49 mg/kg in Carrots and in Maize it was not detected; (Ni) in Spinach was not 

detected; 0.40 mg/kg in Carrots; 2.06 mg/kg in Maize; 7.06 mg/kg (Cu)  in Spinach;  in both 

Carrots and in Maize it was not detected. 

 

About 19.7 mg/kg of Zn was recorded in Spinach; 19.6 mg/kg in Carrots; 28.0 mg/kg in Maize; 

2.94 mg/kg (Pb) in Spinach; 24.8 mg/kg in Carrots and in Maize it was not detected. And the 

level of toxic heavy metal in food samples from the farmland in Otavi were 6.80 mg/kg (Cr) in 

Spinach; 1.20 mg/kg in Carrots; 3.13 mg/kg in Cabbage; 74.0 mg/kg (Mn) in Spinach; 15.0 

mg/kg in Carrots; 105 mg/kg in Cabbage; (Hg) was not detected in Spinach; 2.66 mg/kg in 

Carrots; 1.36 mg/kg in Cabbage; (Ni) was not detected in both Spinach and Cabbage; 1.01 

mg/kg in Carrots;  7.19 mg/kg (Cu) in Spinach;  5.32 mg/kg in Carrots;  cabbage it was not 

detected; 19.4 mg/kg  (Zn) in Spinach; 36.2 mg/kg in Carrots; 29.0 mg/kg in Cabbage;  (Pb) 

was not detected in both Spinach and Cabbage; 6.22 mg/kg in Carrots for the period of 25th 

October 2017  respectively.  

 

Higher concentration of metals was found in Spinach, 15, 40, 635 and 74mg/kg respectively 

for Cu, Mn, Mn and Mn, followed by the level of Zn in Spinach of 209, 20, and 19 mg/kg. 

Cassava has higher metal content of 51 mg/kg of Mn, 11mg/kg of Cu and 23mg/kg of Zn, while 

Carrots have metal content of 20mg/kg of Zn, 25mg/kg of Pb, 15mg/kg of Mn and 36mg/kg 

of Zn and Cabbage with 105mg/kg of Mn and 29mg/kg of Zn for both sampling areas. All these 

levels found to be above the permissible limit recommended by WHO, except for Chromium 
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however, the presence of these metals is evidence that the consumption of the farm produce 

can increase the chance of bioaccumulation of those elements. 

 
Table 4.6: Soil metal fraction (BCR) collected in Tsumeb, Grootfontein and Otavi during       
period (25 October 2017)        

SA  SS   Metals    

  Cr Mn Hg Ni Cu Zn Pb 
T EXB ND 17.69 12.00 0.10 ND 2.89 12.00 
 RIM ND 34.16 12.00 0.25 ND 4.00 12.00 
 OM 1.63 5764.68 ND 0.05 3.88 12.75 3.47 

 X 0.54±0.9 1938.8±3313.3 8±6.93 0.13 1.3±2.24 6.55±5.40 9.16±4.92 

G EXB 0 29866.74 11.95 0.07 0.08 0.27 11.95 

 RIM 0 8.00 11.95 0.05 0 0.15 11.95 
 OM 2.04 6407.79 0 0.51 4.28 2.5 -0.36 

 X 0.68±1.2 1209.18±15720.6 7.97±6.9 0.21±0.3 1.5±2.5 0.97±1.3 7.84±7.1 

O EXB 0 24.78 11.98 0 0.17 16.55 11.98 
 RIM 0 35.69 11.98 0 0 0 11.98 
 OM 8.11 6162.6 0 3.32 7.5 11.27 4.39 
 X 2.7±4.7 2074.36±3540.5 7.99±6.9 1.1±1.92 2.6±4.3 9.3±8.5 9.45±4.4 

EXB = Exchangeable; RIM = Reducible-iron/Manganese Oxides; OM = Oxidizable-Organic-Matter; X = 
mean; SA = Sampling Area; SS = Soil Sample T = Tsumeb; G = Grootfontein; O = Otavi 

 

The mean concentration of HMs in soil samples from Tsumeb during the second sampling 

period (25 October 2017) were as follow, 0.54mg/kg; 1938.84mg/kg;8mg/kg; 0.13mg/kg; 

1.3mg/kg; 6.55mg/kg and 9.16mg/kg  for Cr, Mn, Hg, Ni, Cu, Zn and Pb respectively. The values 

in the soil samples from Grootfontein during the same period of (25 October 2017) ranged 

from 0.68mg/kg; 1209.18mg/kg; 7.97mg/kg; 0.21mg/kg; 1.5mg/kg; 0.97mg/kg and 

7.84mg/kg for Cr, Mn, Hg, Ni, Cu, Zn and Pb respectively. The soil samples  that were collected 

in Otavi on the (25 October 2017) the HMs concentration that were obtained are 2.7mg/kg; 

2074.36mg/kg; 7.99mg/kg; 1.1mg/kg; 2.6mg/kg; 9.3mg/kg; and 9.45mg/kg for Cr, Mn, Hg, Ni, 

Cu, Zn and Pb respectively. For the second sampling period, the levels of HMs found to be 

above the maximum permissible limit in soil of 0.01mg/kg. This showed the availability of the 

plant to uptake the metals. The source of these metals may include atmospheric particulate 

matter (PM) deposition from Anthropogenic activities and other natural occurring. 
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The AFs of HMs were deduced using the metal exchangeable fraction from the Speciation 

analysis. This is because these are the available metals in the soil for the plant uptake 

 
Table 4.7: Accumulation factors/metal uptake by food samples Collected in Tsumeb in 
Grootfontein and Otavi on the 25 October 2017 

SA                FS Metals  

  Cr Mn Hg Ni Cu Zn Pb 

T SP - 2.27 0.07 2.7 - 0.18 0.25 

 CA - 2.87 0.09 37.6 - 7.89 0.35 

 SN - 8.54 0.03 18.4 - 72.32 0.18 

G SN - 0.02 0.03 - 88.25 72.96 0.25 

 CR - 0.00 0.12 5.71 - 72.97 2.08 

 MZ - 0.00 - 29.43 - 103.70 - 

O SN - 2.97 - - 42.29 1.17 - 

 CR - 0.60 0.22 - 31.29 2.19 0.52 

 CB - 4.24 0.11 - - - - 
SN = Spinach; CR = Carrot; CB = Cabbage; MZ; Maize T = Tsumeb; G= Grootfontein O = Otavi; SA = Sample Area; 
FS = Food Sample 

 
The AFs of HMs such as Mn, Ni, Cu, Zn and Pb in some food samples during sample collection 

period of 25 October 2017 recorded values much greater than 1.0 (Table 4d). These generally 

revealed the bioaccumulation of the metals in the food samples. Higher BAF values such as 

8.54, 4.24, 2.97, 2.87 and 2.27 (Mn), 37.6, 29.43, 18.4, 5.71 and 2.7 (Ni), 88.25, 42.29 and 

31.29 (Cu), 103.70, 72.97, 72.96, 7.89, 2.19 (Zn)  and 2.08 in Pb showed higher mobility and 

uptake of the metals by the food samples. These higher metallic mobilities were obtained in 

food samples (Spinach, Carrot, Maize, Cassava and Cabbage) that are regarded as common, 

staple and widely eaten which can pose health risk to the consumer. Bioaccumulation of these 

metals in consumers is highly possible as a result of long-term consumption with serious 

health effects. However, AF values of < 1 were generally recorded for Cr, Pb and Hg across 

the sampling areas. 

 

4.4 Heavy metals in food and soil samples after third sampling 

Results of the level of analysed heavy metals in food samples and soil during the third period 

of sampling (1st of December 2017) are as presented in Tables 4.8 and 4.9 respectively. 

Results of the bioaccumulation factors (AFs) of the metals are presented in Tables 4.10. 
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Table 4.8: Level of heavy metals (mg/kg) in analysed food samples collected in Tsumeb, 
Grootfontein and Otavi on 01 December 2017 

   SA         FS Metals  

  Cr Mn Hg Ni Cu Zn Pb 

T SP 7.35 18.8 0.80 0.92 ND ND ND 

 CA 4.25 6.17 0.56 1.62 ND ND ND 

 X 11.6±2.2 12.49±8.9 0.68±0.2 1.27±0.5 ND ND ND 

         

G SN 1.57 389 0.41 ND 6.23 17.7 2.58 

 CR 1.82 30.0 0.40 1.42 4.03 17.6 2.68 

 CB ND 41.4 ND ND ND 4.35 0.92 

 X 1.7±0.2 153.5±204.1 0.41±0.1 1.42 5.13±1.6 13.22±7.7 2.06±1.0 

         

O SN 0.23 52.3 0.51 ND 10.6 19.3 3.83 

 CR 1.01 11.5 0.84 0.61 4.06 12.5 5.65 

 CB 0.67 123 0.59 ND ND 9.80 3.66 

 X 0.64±0.4 62.27±56.4 0.17 0.61 7.33±0.3 13.87±5.0 4.38±2.0 

SP = Sweet Potatoes; CA = Cassava SN = Spinach; CR = Carrot; CB = Cabbage; X = mean T = Tsumeb; G= 
Grootfontein O = Otavi; SA = Sample Area; FS = Food Sample. 
 

 
The level of toxic heavy metal in food samples from the farmland in Tsumeb were 7.35 mg/kg 

(Cr) in Sweet Potatoes; 4.25 mg/kg in Cassava;  18.8 mg/kg (Mn) in Sweet Potatoes; 6.17 

mg/kg in Cassava; 0.80 mg/kg (Hg) in Sweet Potatoes; 0.56 mg/kg in Cassava; 0.92 mg/kg (Ni) 

in Sweet Potatoes; 1.62 mg/kg in Cassava;  (Cu) it was not detected in both Sweet Potatoes 

and Cassava; (Zn) it was not detected in both Sweet Potatoes and Cassava; (Pb) it was not 

detected in both Sweet Potatoes and Cassava. While the level of toxic heavy metal in food 

samples from the farmland in Grootfontein were  1.57 mg/kg (Cr) in Spinach; 1.82 mg/kg in 

Carrots; In Cabbage it was not detected; 389 mg/kg (Mn) in Spinach;  30.0 mg/kg in Carrots; 

41.4 mg/kg in Cabbage; 0.41 mg/kg (Hg) in Spinach; 0.40 mg/kg in Carrots and was ND in 

Cabbage. 

Nickel (Ni) was not detected in Spinach and Cabbage while 1.42 mg/kg was recorded in 

Carrots. 6.23 mg/kg of Cu was detected in Spinach; 4.03 mg/kg in Carrots while it was 

detected Cabbage. About 17.7 mg/kg of Zn was recorded in Spinach; 17.6 mg/kg in Carrots 

and 4.35 mg/kg in Cabbage. About 2.58 mg/kg of Pb was detected in Spinach; 2.68 mg/kg in 

Carrots; 0.92 mg/kg and in Cabbage. The level of toxic heavy metal in food samples from the 

farmland in Otavi were 0.23 mg/kg (Cr) in Spinach; 1.01 mg/kg in Carrots; 0.67 mg/kg in 

Cabbage; 52.3 mg/kg (Mn) in Spinach; 11.5 mg/kg in Carrots; 123 mg/kg in Cabbage;  0.51 
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mg/kg (Hg) in Spinach; 0.84 mg/kg in Carrots; 0.59 mg/kg in Cabbage; (Ni) was not detected 

in both Spinach and Cabbage; 0.61 mg/kg in Carrots; 10.6 mg/kg (Cu) in Spinach;  4.06 mg/kg 

in Carrots;  cabbage it was not detected; 19.3 mg/kg  (Zn) in Spinach; 12.5 mg/kg in Carrots; 

9.80 mg/kg in Cabbage;  3.83 mg/kg (Pb) in Spinach; 5.65 mg/kg in Carrots; 3.66 mg/kg in 

Cabbage for the period of 01 December 2017 respectively. The metal level concentration 

exceeded the permissible limit recommended by WHO, except Chromium in carrots and 

cabbage in Otavi sampling area for the period of 01 December 2017.  

 

Table 4.9: Soil metal fraction (BCR) collected in Tsumeb, Grootfontein and Otavi during period 
(01 December 2017)        

SA S    Metals    

  Cr Mn Hg Ni Cu Zn Pb 
T EXB ND 18.35 12 0.067 ND 0.415 12 
 RIM ND 60.9 12 0.458 ND 3.034 12 
 OM 7.55 1604.64 ND 0.1 4.9 3.47 2.96 

 X 2.52±4.4 561.3±903.8 8±6.9 0.21±0.2 1.63±2.8 2.3±1.7 8.98±5.2 

G EXB ND 24.76 11.95 0.073 0.185 0.727 11.95 
 RIM ND 17.84 11.95 0.084 ND 0.262 11.95 
 OM 3.62 1953.1 ND 0.36 4.9 3.88 1.22 
 X 1.21±209 665.23±1115.3 7.97±5.6 0.172±0.1 1.70±2.3 1.63±1.6 8.37±5.1 

O EXB ND 29.13 11.98 ND ND ND 12 
 RIM ND 25.98 11.98 ND ND 2.018 12 
 OM 2.35 1650.07 ND 1.79 4.13 5.36 6.43 
 X 0.78±1.4 568.4±936.8 7.99±6.9 0.6±1.3 1.38±2.4 2.46±2.7 10.14±3.2 

EXB = Exchangeable; RIM = Reducible-iron/Manganese Oxides; OM = Oxidizable-Organic-Matter; X = 

mean T = Tsumeb; G = Grootfontein; O = Otavi; 

 

Heavy metals concentration in soil samples from Tsumeb during the third  sampling period 

(01 December 2017) were, 2.52mg/kg; 561.3mg/kg; 8mg/kg; 0.21mg/kg; 1.63mg/kg; 

2.3mg/kg and 8.98mg/kg   for Cr, Mn, Hg, Ni, Cu, Zn and Pb respectively. The concentration 

of HMs in the soil samples from Grootfontein for the  period of (01December2017) ranged 

from 1.21mg/kg; 665.23mg/kg; 7.97mg/kg; 0.177mg/kg; 1.70mg/kg; 1.63mg/kg and 

8.37mg/kg for Cr, Mn, Hg, Ni, Cu, Zn and Pb respectively. The values in the soil samples  that 

were collected in Otavi during the sampling period of (01December 2017) are, 0.78mg/kg; 

568.4mg/kg; 7.99mg/kg; 0.6mg/kg; 1.38mg/kg; 2.46mg/kg and 10.14mg/kg for Cr, Mn, Hg, 

Ni, Cu, Zn and Pb respectively.  As for the third sampling period, the levels of HMs found to 

be above the maximum permissible limit in soil of 0.01mg/kg. This showed the availability of 
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the plant to uptake the metals. The source of these metals may include atmospheric 

particulate matter (PM) deposition from anthropogenic activities and other natural occurring. 

As stated previously the AFs of HMs were deduced using the metal exchangeable fraction 

from the Speciation analysis. This is because these are the available metals in the soil for the 

plant uptake. 

 

Table 4.10: Accumulation factors/metal uptake by food samples collected in Tsumeb in 
Grootfontein and Otavi on the 01 December 2017 

SA               FS Metals  

  Cr Mn Hg Ni Cu Zn Pb 

T SP - 1.02 0.07 13.73 - - - 

 CA - 0.34 0.05 24.18 - - - 

         

G SN - 15.71 0.34 - 33.68 24.35 0.22 

 CR - 0.05 0.03 19.45 21.78 24.21 0.22 

 CB - 1.67 - - - 5.98 0.08 

         

O SN - 1.80 0.04 - - - 0.31 

 CR - 0.39 0.07 - - - 0.47 

 CB - 4.22 0.49 - - - 0.31 

SN = Spinach; CR = Carrot; CB = Cabbage; MZ; Maize T = Tsumeb; G= Grootfontein O = Otavi; SA = 
Sample Area; FS = Food Sample.  

 

Following similar pattern during the sample collection period of 01 Dec 2017, higher mobility 

of metals (BAF > 1) was obtained in most of the food samples. Some metallic transfer was 

obtained such as 1.02, 15.71, 1.67, 1.80, 4.22 Mn, 13.73, 24.18, 19.45 Ni, 33.68, 21.78 Cu and 

24.35, 24.21, and 5.98 for Zn while there was no transfer for Pb, Hg and Cr. Again, this is 

worrisome the fact these higher metallic mobilities were obtained in food samples (Spinach, 

Sweet Potatoes, Carrot and Cabbage) that are regarded as common, staple and widely eaten. 

Bioaccumulation of these metals in consumers is highly possible as a result of long-term 

consumption with serious health effects. However, AF values of < 1 were generally recorded 

for Cr, Pb and Hg across the sampling areas. 
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4.6 Heavy metals in food and soil samples after fourth sampling 

Results of the level of analysed heavy metals in food samples and soil during the fourth period 

of sampling (29th March 2018) are as presented in Tables 4.11 and 4.12 respectively. Results 

of the accumulation factors (AFs) of the metals are presented in Tables 4.13. 

 

Table 4.11: Level of heavy metals (mg/kg) in analysed food samples collected in Tsumeb, 
Grootfontein and Otavi on the 29th March 2018 

 SA     FS Metals  

  Cr Mn Hg Ni Cu Zn Pb 

T SP ND 20.2 1.20 0.11 7.40 7.12 4.96 

 CA ND 10.5 1.24 1.48 ND 11.4 6.46 

 PM ND 47.3 0.41 0.76 11.6 67.7 2.71 

 X ND 26.0±19.1 0.95±0.5 0.78±0.7 9.5±2.97 28.74±33.8 4.71±1.9 

         

G SN 1.51 64.1 ND ND 6.87 30.63 ND 

 CR ND 16.3 ND ND 0.20 4.76 ND 

 CB ND 61.3 0.74 ND 021 23.05 ND 

 MZ 0.64 42.4 0.10 0.90 10.52 45.61 ND 

 X 1.08±0.6 46.03±22.4 0.42±0.3 0.9 57.8±104.2 26.01±17.0 ND 

         

O SN 0.19 100 0.98 Nd 13.2 33.7 ND 

 MZ ND 8.9 0.95 0.55 ND 25 3.53 

 CB 0.1 102 0.24 ND ND 19.2 ND 

 X 0.15±0.6 70.3±53.2 0.72±0.4 0.18±0.3 4.4±7.62 25.97±7.30 1.18±2.4 

SP = Sweet Potatoes; CA = Cassava SN = Spinach; CR = Carrot; CB = Cabbage; PM = Pier Melt; X = mean 
T = Tsumeb; G= Grootfontein O = Otavi; SA = Sample Area; FS = Food Sample. 

 
The level of toxic heavy metal in food samples from the farmland in Tsumeb were  (Cr) was 

not detected in both Sweet Potatoes, Cassava and Pier Melts;  20.2 mg/kg (Mn) in Sweet 

Potatoes; 10.5 mg/kg in Cassava; 47.3 mg/kg in Pier Melt; 1.20 mg/kg (Hg) in Sweet Potatoes; 

1.24 mg/kg in Cassava; 0.41 mg/kg in Pier Melt; 0.11 mg/kg (Ni) in Sweet Potatoes; 1.48 mg/kg 

in Cassava; 0.76 mg/kg in Pier Melt; 7.40 mg/kg (Cu) in Sweet Potatoes; in Cassava it was not 

detected; 11.6 mg/kg in Pier Melt; 7.12 mg/kg (Zn) in Sweet Potatoes; 11.4 mg/kg in Cassava; 

67.7 mg/kg in Pier Melt; 4.96 mg/kg (Pb) in Sweet Potatoes; 6.46 mg/kg in Cassava; 2.71 

mg/kg in Pier Melt. While the level of toxic heavy metal in food samples from the farmland in 

Grootfontein were 1.51 mg/kg (Cr) in Spinach; it was not detected in both Carrots and 

Cabbage while 0.64 mg/kg was detected in Maize. The level of Mn in Spinach was 64.1 mg/kg; 

16.3 mg/kg in Carrots; 61.3 mg/kg in Cabbage and 42.4 mg/kg in Maize. Mercury (Hg) was not 

detected in both Spinach and Carrots. 
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Chromium was not detected in most food samples for the sampling period of (29 March 2018) 

however, Maize, Spinach and Cabbage were recorded as 0.64mg/kg, 0.19mg/kg and 0.1mg/kg 

respectfully with exception of Spinach in Grootfontein which was recorded as 1.51mg/kg 

higher than the permissible limit. Nickel recorded below the recommended permissible limit 

of by WHO in both sampling sites for the same period. Copper was also found below the 

permissible limit as recommended by WHO. Lead were found to be below the recommended 

limit in Tsumeb and Otavi sampling areas with no detection in Grootfontein area. 

 
Table 4.12: Soil metal fraction (BCR) collected in Tsumeb, Grootfontein and Otavi during 
period of the 29th March 2018.       

 SA FS    Metals    

  Cr Mn Hg Ni Cu Zn Pb 
T     EXB 0 25.57 11.95 0 0.02 15.90 11.95 
     RIM 0 14.75 11.96 0 0 12.28 11.96 

     OM 2.4 4500.83 0 3.62 6.07 11.37 4.18 
 X 0.8±1.1 1513.7±259.9 7.97±6.9 1.21±2.1 2.03±3.5 13.18±2.4 9.36±4.5 

G     EXB 0 24.26 11.96 0.08 0.08 0.31 11.96 
     RIM 0 18.87 11.96 0.03 0 0.56 11.96 
     OM 0.36 3908.08 0 1.63 4.74 3.16 0.61 
 X 0.12±0.2 1317.07±2243.9 7.97±6.9 0.08±0.9 1.61±2.7 1.35±1.6 8.18±6.6 

O    EXB 0 40.02 11.94 0 0 0 11.94 
    RIM 0 13.49 11.94 0 0 11.78 11.94 
    OM 1.22 3195.17 0 1.58 5.25 11.68 1.58 
 X 0.41±0.7 1082.9±1829.4 7.96±6.9 0.53±0.9 1.75±3.1 7.82±6.8 8.49±6.0 

EXB = Exchangeable; RIM = Reducible-iron/Manganese Oxides; OM = Oxidizable-Organic-Matter; X = 
mean T = Tsumeb; G = Grootfontein; O = Otavi 
 

The mean concentration of HMs in soil samples from Tsumeb during the fourth sampling 

period (29 March 2018) ranged from 0.8mg/kg; 1513.7mg/kg; 7.97mg/kg; 1.21mg/kg; 

2.03mg/kg; 13.18mg/kg and 9.36mg/kg for Cr, Mn, Hg, Ni, Cu, Zn and Pb respectively. While 

the values in the soil from Grootfontein during the same period of (29 March 2018) varied 

from 0.12mg/kg; 1317.07mg/kg; 7.97mg/kg; 0.08mg/kg; 1.61mg/kg; 1.35mg/kg and 

8.18mg/kg for Cr, Mn, Hg, Ni, Cu, Zn and Pb respectively. As for Otavi the soil samples 

concentration obtained for the period of (29 March 2018) were 0.41mg/kg; 1082.9mg/kg; 

7.96mg/kg; 0.53mg/kg; 1.75mg/kg; 7.82mg/kg and 8.49mg/kg for Cr, Mn, Hg, Ni, Cu, Zn and 

Pb respectively.  
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The AFs of HMs were deduced using the metal exchangeable fraction from the Speciation 

analysis. This is because these are the available metals in the soil for the plant uptake. 

 
 
Table 4.13: Accumulation Factors/metal uptake by food samples Collected in Tsumeb in 
Grootfontein and Otavi on the 29 March 2018 

 Metals  

SA FS Cr Mn Hg Ni Cu Zn Pb 

T SP - 0.99 0.10 1.14 65.49 24.63 0.41 

 CA - 0.52 0.10 15.42 - 24.55 0.54 

 PM - 2.33 0.03 0.08 105.45 233.45 0.23 

         

G SN - 2.24 - - 7.63 40.30 - 

 CR - 0.57 - - 0.22 6.26 - 

 CB - 2.14 0.06 - 237.88 30.92 - 

 MZ - 1.48 0.01 18 11.69 60.01 - 

         

O SN - 4.43 0.08 - - - - 

 MZ - 0.39 0.08 - - - 0.29 

 CB - 4.52 0.02 - - - - 

SN = Spinach; CR = Carrot; CB = Cabbage; PM = Pier Melt; MZ; Maize T = Tsumeb; G= Grootfontein O 
= Otavi; SA = Sample Area; FS = Food Sample 
 

As with the other sampling periods, generally mobilities were recorded as following, 4.52, 

4.43, 1.48, 2.14, 2.24 and 2.33 Mn, 1.14, 15.42, and 18 for Ni, 65.49, 105.45, 7.63, 237.88, and 

11.69 for Cu, 24.63, 24.55, 233.45, 40.30, 6.26, 30.92 and 60.01 for Zn in most of the food 

samples across sampling areas. Of particular concern is the high metallic transfer of Zn and 

Cu in food samples except from those at Otavi. These high metallic transfers are of great 

concern to consumers of these foods. Although, Zn is regarded as a macronutrient that is 

utilized by humans, higher level might be dangerous to health.  

 

4.7 Heavy metals in food and soil samples after fifth sampling 

Results of the level of analysed heavy metals in food samples and soil during the fifth period 

of sampling (13th July 2018) are as presented in Tables 4.14 and 4.15 respectively. Results of 

the bioaccumulation factors (BAFs) of the metals are presented in Tables 4.16. 
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Table 4.14: Level of heavy metals (mg/kg) in analysed food samples collected in Tsumeb, 
Grootfontein and Otavi on the 13th July 2018 

SA          FS Metals  

  Cr Mn Hg Ni Cu Zn Pb 

T CA 7.76 9.16 1.44 5.36 7.09 29.82 1.95 

 SP 7.00 73.56 1.87 2.91 9.99 34.50 2.03 

 X 7.38±0.52 41.36±45.5 1.65±0.3 4.14±1.7 8.54±2.1 32.16±3.31 1.99±0.06 

         

G MZ 3.75 134.40 0.40 1.57 7.42 35.28 0.69 

 SP 7.32 31.95 1.20 5.52 9.09 100.69 39.05 

 CB 4.29 0.83 ND 3.15 2.23 5.76 1.21 

 X 5.12±1.9 55.73±69.9 0.05±0.6 3.41±2.0 6.25±3.6 47.24±48.6 13.65±22.0 

         

O MZ 4.40 21.15 1.14 2.87 4.13 27.87 1.51 

 CB 4.16 17.77 0.95 1.10 10.48 56.18 1.48 

 SP 4.44 5.58 1.75 3.04 5.09 25.73 1.40 

 X 4.33±0.2 14.83±8.2 1.28±0.4 2.34±1.1 6.57±3.4 36.6±17.0 1.5±0.5 

SP = Sweet Potatoes; CA = Cassava SN = Spinach; CR = Carrot; CB = Cabbage; X = mean T = Tsumeb; 
G= Grootfontein O = Otavi; SA = Sample Area; FS = Food Sample. 
 

 
The level of toxic heavy metal in food samples from the farmland in Tsumeb were 7.00 mg/kg  

(Cr) in Sweet Potatoes; 7.76 mg/kg in Cassava;  73.56 mg/kg (Mn) in Sweet Potatoes; 9.16 

mg/kg in Cassava; 1.87 mg/kg (Hg) in Sweet Potatoes; 1.44 mg/kg in Cassava; 2.91 mg/kg (Ni) 

in Sweet Potatoes; 5.36 mg/kg in Cassava; 9.99 mg/kg (Cu) in Sweet Potatoes; 7.09 mg/kg in 

Cassava; 34.50 mg/kg (Zn) in Sweet Potatoes; 29.82 mg/kg in Cassava; 2.03 mg/kg (Pb) in 

Sweet Potatoes; 1.95 mg/kg in Cassava. While the level of toxic heavy metal in food samples 

from the farmland in Grootfontein were  7.32 mg/kg (Cr) in Sweet Potatoes; 4.29 mg/kg in 

Cabbage; 3.75 mg/kg in Maize; 31.95 mg/kg (Mn) in Sweet Potatoes;  0.83 mg/kg in Cabbage; 

134.40 mg/kg in Maize; 1.20 mg/kg (Hg) in  Sweet Potatoes; it was not detected in Cabbage; 

0.40 mg/kg in Maize; 5.52 mg/kg (Ni) in Sweet Potatoes; 3.15 mg/kg in Cabbage; 1.57 mg/kg 

in Maize; 9.09 mg/kg (Cu) in Sweet Potatoes; 2.23 mg/kg in Cabbage; 7.42 mg/kg in Maize; 

100.69 mg/kg (Zn) in Sweet Potatoes; 5.76 mg/kg in Cabbage; 35.28 mg/kg in Maize; 39.05 

mg/kg (Pb) in Sweet Potatoes; 1.21 mg/kg in Cabbage; 0.69 mg/kg in Maize.  

 

The level of toxic heavy metal in food samples from the farmland in Otavi were 4.44 mg/kg 

(Cr) in Sweet Potatoes; 4.16 mg/kg in Cabbage; 4.40 mg/kg in Maize; 5.58 mg/kg (Mn) in 

Sweet Potatoes; 17.77 mg/kg in Cabbage; 21.15 mg/kg in Maize;  1.75 mg/kg (Hg) in Sweet 
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Potatoes; 0.95 mg/kg in Cabbage; 1.14 mg/kg in Maize; 3.04 mg/kg (Ni) in Sweet Potatoes; 

1.10mg/kg Cabbage; 2.87 mg/kg in Maize; 5.09 mg/kg (Cu) in Sweet Potatoes; 10.48 mg/kg in 

Cabbage; 4.13 mg/kg in Maize; 25.73 mg/kg  (Zn) in Sweet Potatoes; 56.18 in Cabbage; 27.87 

mg/kg in Maize; 1.40 mg/kg  (Pb) Sweet Potatoes; 1.45 mg/kg in Cabbage; 1.51 mg/kg in Maize 

for the period of 13 July 2018  respectively, as mentioned before these farm produces are 

found to be above the permissible limit in vegetable as recommended by WHO in both 

sampling area. 

 
Table 4.15: Soil metal fraction (BCR) collected in Tsumeb, Grootfontein and Otavi during 
period of the 13th July 2018 

SA FS    Metals    

  Cr Mn Hg Ni Cu Zn Pb 
T EXB ND 25.57 11.95 ND 0.02 15.90 11.95 
 RIM ND 14.75 11.96 ND ND 12.28 11.96 
 OM 2.4 4500.83 ND 3.62 6.07 11.37 4.18 
 X 0.8±1.1 1513.7±259.9 7.97±6.9 1.21±2.1 2.03±3.5 13.18±2.4 9.36±4.9 

G EXB ND 24.26 11.96 0.08 0.08 0.31 11.96 
 RIM ND 18.87 11.96 0.03 ND 0.56 11.96 
 OM 0.36 3908.08 ND 1.63 4.74 3.16 0.61 

 X 0.12±0.2 1317.07±2243.9 7.97±6.9 0.08±0.9 1.61±2.7 1.35±1.6 8.18±6.6 

O EXB ND 40.02 11.94 ND ND ND 11.94 
 RIM ND 13.49 11.94 ND ND 11.78 11.94 
 OM 1.22 3195.17 ND 1.58 5.25 11.68 1.58 

 X 0.41±0.7 1082.9±1829.4 7.96±6.9 0.53±0.9 1.75±3.1 7.82±6.8 8.49±6.0 

EXB = Exchangeable; RIM = Reducible-iron/Maganese Oxides; OM = Oxidizable-Organic-Matter; X = 
mean T = Tsumeb; G = Grootfontein; O = Otavi 

 

The mean concentration of HMs in soil samples from Tsumeb during the second sampling 

period (13 July 2018) were as follow, 0.8mg/kg; 1513.7mg/kg; 7.97mg/kg; 1.21mg/kg; 

2.03mg/kg; 13.18mg/kg and 9.36mg/kg for Cr, Mn, Hg, Ni, Cu, Zn and Pb respectively. While 

the values in the soil from Grootfontein during the same period of (13 July 2018) varied from 

0.12mg/kg; 1317.07mg/kg; 7.97mg/kg; 0.08mg/kg; 1.61mg/kg; 1.35mg/kg and 8.18mg/kg for 

Cr, Mn, Hg, Ni, Cu, Zn and Pb respectively. As for Otavi the soil samples concentration 

obtained for the period of (13 July 2018) were 0.41mg/kg; 1082.9mg/kg; 7.96mg/kg; 

0.53mg/kg; 1.75mg/kg; 7.82mg/kg and 8.49mg/kg for Cr, Mn, Hg, Ni, Cu, Zn and Pb 

respectively. Atmospheric particulate matter (PM) deposition from anthropogenic activities 

and other natural occurring could be the source of pollution. As with the other sampling 
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period, the AFs of HMs were deduced using the metal exchangeable fraction from the 

speciation analysis. This is because these are the available metals in the soil for the plant 

uptake. 

 

Table 4.16: Accumulation factors of heavy metals in food samples collected in Tsumeb, 
Grootfontein and Otavi on the 13 July 2018 

SA                FS Metals  

  Cr Mn Hg Ni Cu Zn Pb 

T SP - 4.68 - 3.46 83.25 23 0.17 

 CA - 0.58 - 63.81 0.59 19.88 0.16 

         

G SP - 1.40 - 26.29 77.69 112.25 3.26 

 CB - 0.04 - 15 19.06 6.42 0.10 

 MZ - 5.88 - 7.48 63.42 39.33 0.06 

         

O SP - 0.33 - - - - 0.12 

 MZ - 1.24 - - - - 0.13 

 CB - 1.04 - - - - 0.12 

SN = Spinach; CR = Carrot; CB = Cabbage; PM = Pearl Millet; MZ; Maize T = Tsumeb; G= Grootfontein 
O = Otavi; SA = Sample Area; FS = Food Sample 

 

No metallic transfer was observed for Cr and Hg into food samples during this period of 13 

July 2018. However, AFs > 1 were obtained for 4.68, 1.40, 5.88, 1.24 and 1.04 (Mn), 3.46, 

63.81, 26.29, 15 and 7.48 (Ni), 83.25, 77.69, 19.06, and 63.42 (Cu), 23, 19.88, 112.25, 6.42 and 

39.33 (Zn) and 3.26 (Pb). With the exception of Hg, Ni, Cu, Zn and Pb in food samples at Otavi.  

 

4.8 Heavy metals in food and soil samples after sixth sampling 

Results of the level of analysed heavy metals in food samples and soil during the sixth period 

of sampling (14th September 2018) are as presented in Tables 4.17 and 4.18 respectively. 

Results of the accumulation factors (AFs) of the metals are presented in Tables 4.19. 
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Table 4.17: Level of heavy metals (mg/kg) in analysed food samples collected in Tsumeb, 
Grootfontein and Otavi on the 14th September 2018 

SA        FS Metals  

  Cr Mn Hg Ni Cu Zn Pb 

T SP 4.01 14.32 11.96 1.62 5.86 9.06 11.97 

 CA 3.62 7.84 11.93 1.94 2.02 6.81 11.93 

 X 8.82±0.3 11.08±4.6 11.95±0.2 1.78±0.2 3.94±2.7 7.94±1.6 11.95±0.3 

         

G SP 3.31 64.15 11.95 1.29 7.08 18.66 11.95 

 CB 3.26 39.80 11.99 1.41 2.34 15.33 11.99 

 X 3.29±0.4 51.98±17.2 11.97±0.3 1.35±0.9 4.71±3.4 17±2.4 11.97±0.3 

         

O CR 3.76 20.99 11.95 1.97 6.05 10.89 11.95 

 CB 3.49 25.26 11.99 1.51 2.27 15.48 11.99 

 SP 1.89 17.13 12.00 0.56 4.33 19.26 12.00 

 X 3.05±1.0 21.13±4.1 11.98±0.3 1.35±0.7 4.22±1.9 15.21±4.2 11.98±0.3 

SP = Sweet Potatoes; CA = Cassava SN = Spinach; CR = Carrot; CB = Cabbage; X = mean T = Tsumeb; G= 
Grootfontein O = Otavi; SA = Sample Area; FS = Food Sample 

 
 
The level of toxic heavy metal in food samples from the farmland in Tsumeb were 4.01 mg/kg  

(Cr) in Sweet Potatoes; 3.62 mg/kg in Cassava;  14.32 mg/kg (Mn) in Sweet Potatoes; 7.84 

mg/kg in Cassava; 11.96 mg/kg (Hg) in Sweet Potatoes; 11.93 mg/kg in Cassava; 1.62 mg/kg 

(Ni) in Sweet Potatoes; 1.94 mg/kg in Cassava; 5.86 mg/kg (Cu) in Sweet Potatoes; 2.02 mg/kg 

in Cassava; 9.06 mg/kg (Zn) in Sweet Potatoes; 6.81 mg/kg in Cassava; 11.97 mg/kg (Pb) in 

Sweet Potatoes; 11.3 mg/kg in Cassava. While the level of toxic heavy metal in food samples 

from the farmland in Grootfontein were  3.31 mg/kg (Cr) in Sweet Potatoes; 3.26 mg/kg in 

Cabbage; 64.15 mg/kg (Mn) in Sweet Potatoes;  39.80 mg/kg in Cabbage; 11.95 mg/kg (Hg) in  

Sweet Potatoes; 11.99 mg/kg in Cabbage; 1.29 mg/kg (Ni) in Sweet Potatoes; 1.41 mg/kg in 

Cabbage; 7.08 mg/kg (Cu)  in Sweet Potatoes; 2.34 mg/kg in Cabbage18.66 mg/kg (Zn) in 

Sweet Potatoes; 15.33 mg/kg in Cabbage; 11.95 mg/kg (Pb) in Sweet Potatoes; 11.99 mg/kg 

in Cabbage.  

 

The level of toxic heavy metal in food samples from the farmland in Otavi were 3.76 mg/kg 

(Cr) in Carrots; 3.49 mg/kg in Cabbage; 1.89 mg/kg in Sweet Potatoes; 20.99 mg/kg (Mn) in 

Carrots; 25.26 mg/kg in Cabbage; 17.13 mg/kg in Sweet Potatoes;  11.95 mg/kg (Hg) in 

Carrots; 11.99 mg/kg in Cabbage; 12.00 mg/kg in Sweet Potatoes; 1.97 mg/kg (Ni) in Carrots; 

1.51 mg/kg Cabbage; 0.56 mg/kg in Sweet Potatoes; 6.05 mg/kg (Cu) in Carrots; 2.27 mg/kg 
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in Cabbage; 4.33 mg/kg in Sweet Potatoes; 10.89 mg/kg  (Zn) in Carrots; 15.48 in Cabbage; 

19.26 mg/kg in Sweet Potatoes; 11.95 mg/kg  (Pb) Carrots; 11.99 mg/kg in Cabbage; 12.00 

mg/kg in Sweet Potatoes for the period of 14 September 2018  respectively. These farm 

produces are all found to be above the permissible limit in vegetable as recommended by 

WHO as shown in (table 4f1) above in both sampling areas.  Continue consumption of these 

farm produce can results in accumulation of these elements which can cause health 

complications in the future. 

 

Table 4.18: Soil metal fraction (BCR) collected in Tsumeb, Grootfontein and Otavi during 
period of the 14th September 2018 

SA FS    Metals    

  Cr Mn Hg Ni Cu Zn Pb 
T EXB ND 25.57 11.95 ND 0.02 15.90 11.95 
 RIM ND 14.75 11.96 ND ND 12.28 11.96 
 OM 2.4 4500.83 ND 3.62 6.07 11.37 4.18 

 X 0.8±1.1 1513.7±259.9 7.97±6.9 1.21±2.1 2.03±3.5 13.18±2.4 9.36±4.5 

G EXB ND 24.26 11.96 0.08 0.08 0.31 11.96 
 RIM ND 18.87 11.96 0.03 ND 0.56 11.96 
 OM 0.36 3908.08 ND 1.63 4.74 3.16 0.61 

 X 0.12±0.2 1317.07±2243.9 7.97±6.9 0.08±0.9 1.61±2.7 1.35±1.6 8.18±6.6 

O EXB ND 40.02 11.94 ND ND ND 11.94 
 RIM ND 13.49 11.94 ND ND 11.78 11.94 
 OM 1.22 3195.17 ND 1.58 5.25 11.68 1.58 
 X 0.41±0.7 1082.9±1829.4 7.96±6.9 0.53±0.9 1.75±3.1 7.82±6.8G 8.49±5.98 

EXB = Exchangeable; RIM = Reducible-iron/Manganese Oxides; OM = Oxidizable-Organic-Matter; X = 

mean T = Tsumeb; G = Grootfontein; O = Otavi 

 

The mean concentration of HMs in soil samples from Tsumeb during the second sampling 

period (14 September 2018) were as follow, 0.8mg/kg; 1513.7mg/kg; 7.97mg/kg; 1.21mg/kg; 

2.03mg/kg; 13.18mg/kg and 9.36mg/kg for Cr, Mn, Hg, Ni, Cu, Zn and Pb respectively. While 

the values in the soil from Grootfontein during the same period of (14 September 2018) varied 

from 0.12mg/kg; 1317.07mg/kg; 7.97mg/kg; 0.08mg/kg; 1.61mg/kg; 1.35mg/kg and 

8.18mg/kg for Cr, Mn, Hg, Ni, Cu, Zn and Pb respectively. As for Otavi the soil samples 

concentration obtained for the period of (14 September 2018) were 0.41mg/kg; 

1082.9mg/kg; 7.96mg/kg; 0.53mg/kg; 1.75mg/kg; 7.82mg/kg and 8.49mg/kg for Cr, Mn, Hg, 

Ni, Cu, Zn and Pb respectively. The source of these metals may include atmospheric 

particulate matter (PM) deposition from Anthropogenic activities and other natural occurring. 
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As stated previously the BAFs of HMs were deduced using the metal exchangeable fraction 

from the Speciation analysis. This is because these are the available metals in the soil for the 

plant uptake. 

 

Table 4.19: Accumulation Factors of Heavy Metals in Food Samples Collected in Tsumeb, 
Grootfontein and Otavi on the 14 September 2018 

SA                 FS Metals  

  Cr Mn Hg Ni Cu Zn Pb 

T SP - 0.81 0.99 5.51 39.07 5.92 0.99 

 CA - 0.44 0.99 6.60 13.47 4.45 0.99 

         

G SP - 3.14 1.00 39.09 101.14 38.08 1.00 

 CB - 1.95 1.00 42.72 33.42 31.29 1.00 

         

O CR - 0.67 1.00 - - 7.26 1.00 

 CB - 0.80 1.00 - - 10.32 1.00 

 SP - 0.55 1.00 - - 12.84 1.00 

SN = Spinach; CR = Carrot; CB = Cabbage; PM = Pier Melt; MZ; Maize T = Tsumeb; G= 
Grootfontein O = Otavi; SA = Sample Area; FS = Food Sample. 

 

General transfer of analysed HMs was obtained for most of the metals in food samples across 

the sampling areas except for Cr, Ni and Cu in Otavi. Of more concern is the uptake of Hg and 

Pb by food samples across the sampling areas. Ingestion of food that contain heavy metals 

such as Hg and Pb over a long period can lead to serious health problems.  

 

In Tsumeb and Grootfontein, (Cr) was not accumulated by the analysed food samples while 

all other metals showed accumulation in the food samples. Hence all other metals were 

transferred from the soil to the food samples.  

Most concentration levels are found to be above the permissible levels according to WHO’s 

recommendation in both sampling areas. 

 

The prolonged consumption of unsafe concentrations of heavy metals through foodstuffs 

may lead to the chronic accumulation of heavy metals in the kidney and liver of humans 

causing disruption of numerous biochemical processes, leading to cardiovascular, nervous, 

kidney and bone diseases (WHO, 1992; Jarup, 2003). Consumption of food laden with these 

toxic metals may lead to accumulation in human system with consequential health problems 

(Afiza et al., 2013).  
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Ruminants that also feed on roadside grasses and plants may also accumulate the metals with 

possible biomagnification in humans across the food chain (Sivaruban et al., 2016).  

 

Agricultural practices and Industrial Regulations have been set up in deferent Nations for the 

control of emission of heavy metals. This research is mainly on the analysis of distribution and 

dynamic of toxic of heavy metals in cultivated farm produce from Tsumeb, Grootfontein and 

Otavi localities in Namibia. This means that the research topic is examining the varying 

occurrence of various farm products like, cabbages, cassava, maize, carrots, spinach, Pearl 

Millet and sweet potatoes toxic of heavy metals in Tsumeb, Grootfontein and Otavi, in 

Namibia. 

Similarly, Kierczak et al., (2013) found that soils in the areas around historic smelters, which 

were active between the 14th and 16th centuries, are still highly polluted with metal(loids)s 

(up to 4000 mg/kg Cu, 1500 mg/kg Zn, 300 mg/kg As, and 200 mg/kg Pb) due especially to the 

centuries-long dissolution of smelter wastes into the soils. They concluded that the legacy of 

old smelting sites, even those which have not been operational for centuries, must still be 

considered as a serious environmental problem today; Arsenic is a metalloid that is 

distributed widely in rocks, water and soil (Wang and Mulligan., 2006).  

 

4.9 Mean values of Heavy metals across the entire period and the SEPI 

The mean values of heavy metals collected throughout the sampling period and the calculated values 

of SEPI are presented in Table 4.20 to 4.22 for the three sampling locations of Tsumeb, Grootfontain 

and Otavi respectively.  

 

4.9.1 SEPI values for Tsumeb 

The SEPI value for Tsumeb follow the order of Cr<(Ni= Cu)< Zn<Pb<Mn<Hg and varied from 0.01 to 

266. Therefore, the results of single elemental pollution index (SEPI) showed low contamination (SEPI 

≤ 1) for the metals Cr, Mn, Ni, Cu, Zn and Pb respectively. However, the calculated SEPI for Hg indicated 

high contamination (SEPI > 3). This high contamination with Hg may have come from the use of 

phenylmercury acetate ethylmercury which are commonly used as fungicides, preservatives, and 

antiseptics for industrial and agricultural activities (Xilong et al., 2005). 
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                      Table 4.20: Mean value for SEPI for Tsumeb 

HM   Mean value mg/kg     SEPI   

Cr  1.04±1.62  0.01  
Mn  1425.82±876.1 0.72  
Hg  7.98±6.9 266  

NI  0.86±8.6 0.02  
Cu  2.18±0.84 0.02  
Zn  10.26±2.78 0.03  
Pb  9.12±5.4.99 0.09  

 

4.9.2 SEPI values for Grootfontein 

The order of single elemental pollution index (SEPI) for Grootfontein follow the trend (Cr=Zn=Ni) 

<Cu<Mn<Pb<Hg. The calculated values of the SEPI indicated low contamination (SEPI ≤ 1), and high 

contamination of Hg (SEPI > 3).  

 

                       Table 4.21: Mean value for SEPI for Grootfontein 

HM  Mean value mg/kg     SEPI  

Cr 0.395±35.2  0.00 
Mn 1190.5±27552.2 0.60 
Hg 7.97±6.7 265.8 

NI 0.01±4.0 0.00 

Cu 1.60±2.6 0.02 
Zn 1.33±1.6 0.00 
Pb 8.16±102.5 0.08 

 

4.9.3 SEPI values for Otavi 

The values of single elemental index for Otavi follow the order of (Cr= Ni) <(Cu=Zn) <Pb<Mn<Hg. The 

study showed that the SEPI values calculated indicates low contamination for all elements investigated 

except Hg which indicated high contamination of soil. We found that the three locations monitored in 

this study are contaminated with Hg. 

 

                          Table 4.23: Mean value for SEPI for Otavi 

HM  Mean value mg/kg     SEPI 

Cr 0.85±1.5  0.01 
Mn 1342.88±1965.8 0.67 
Hg 15.97±6.9 532.3 
NI 0.64±1.14 0.01 
Cu 1.83±3.2 0.02 
Zn 7.17±6.42 0.02 
Pb 8.93±0.3 0.09 
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATION 

5.1 Conclusion 

The prevalence of toxic heavy metal in the Tsumeb soil shows that, Chromium (Cr) was 7.35 

grams on sweet potatoes, 4.25 grams on cassava, Manganese (Mn) in sweet potatoes 18.8 

grams, cassava 6.17 grams, Mercury (Hg) in sweet potatoes 0.80 and in cassava 0.92, Nickel 

(Ni) in sweet potatoes 0.92 and cassava 1.62grams,  Copper (Cu) was not detected in both 

sweet potatoes and cassava, Zinc (Zn) was not detected in both sweet potatoes and cassava, 

Lead (Pb) was not detected in both sweet potatoes and cassava.  

 

The prevalence of toxic heavy metal in the Grootfontein soil shows that, Chromium (Cr) was 

1.57 grams on spinach, 1.82 grams on carrots, on cabbage it was not detected, Manganese 

(Mn) in spinach 389 grams, carrots 30.0 grams, cabbage 41.4 grams, Mercury (Hg) in spinach 

0.41 grams, carrots 0.40 grams and in cabbage it was not detected, Nickel (Ni) in spinach was 

not detected, carrots 1.42 grams,  Copper (Cu) in spinach 6.23, carrots 4.03 grams and on 

cabbage it was not detected, Zinc (Zn) in spinach 17.7 grams, carrots 17.6 grams, cabbage 

4.35 grams, Lead (Pb) in spinach 2.58, carrots 2.68, cabbage 0.92 grams.  

 

The prevalence of toxic heavy metal in the Otavi soil shows that, Chromium (Cr) was 0.23 

grams on spinach, 1.01 grams on carrots, 0.67 grams on cabbage, Manganese (Mn) in spinach 

52.3 grams, Carrots 11.5 grams, cabbage 123 grams, Mercury (Hg) in spinach 0.51 grams, 

carrots 0.84 grams and in cabbage 0.59 grams, Nickel (Ni) was not detected in both spinach 

and cabbage, carrots 0.61 grams,  Copper (Cu) in spinach 10.6 grams, carrots 4.06 grams, 

cabbage it was not detected, Zinc (Zn) in spinach 19.3, carrots 12.5, cabbage 9.80, Lead (Pb) 

3.83 grams in spinach, carrots 5.65 grams, 3.66 grams in cabbage for the period of 20th July 

2017  respectively.  

The single elemental pollution index was also employed to evaluate the degree of 

contamination of the soil. The study found that all three sites were low in contamination with 

the elements of Cr, Cu, Zn, Pb, Mn and Ni respectively. However, all three locations recorded 

high contamination with Hg. 

Although some of the metal’s concentrations in soils and vegetables was found to be below 

the permissible levels as recommended by FAO/WHO standards, the fact that they are 
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present its an indication that continuing consumption of those farm produce may results in 

accumulation of those metals in both humans and animals.  

 

5.2 Recommendation 

The results of this study have provoked many questions which need further investigations to 

determine the minimum amount of each source of contamination that will result in the 

accumulation of heavy metals in farm produce as well as in soils beyond acceptable limits. 

And to develop appropriate legislation with the relevant permissible levels. No matter how 

low the levels of heavy metals in both vegetables and soil are, the fact that they are present 

create a worrisome for the consumer as well as the environment.  
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APPENDICES 
Appendix A: Ethical Clearance for the Project 
 

NB: * NS = Not sure/Don’t know  
** Please note: If the “No” option is selected; it does not nullify the responsibility of the researcher to ensure that ethical 
research practices are followed throughout the research process. The onus rests on the researcher to ensure that, should 
any ethical issues arise in the course of the research, all necessary steps are taken to minimise and report these risks to the 
supervisor/promotor of the study (where relevant/applicable), the Departmental Head , and the FHAS-REC. Furthermore: If 
the “No” option is chosen it does not absolve the researcher to seriously consider any other possible risk that may emanate 
and become a disadvantage to research participants and/or stakeholders or deny them fundamental rights.  
 

In the case of *NS, researcher is expected to seek clarification with the supervisor/promoter or an expert in the field of study 
prior to completion of the form/indication of NS. This might prevent delays in the ethical clearance process and 
commencement of the research project. 
 

 

FACULTY OF HEALTH AND APPLIED SCIENCES RESEARCH ETHICS COMMITTEE (FHAS-REC) 
APPLICATION FORM FOR ETHICAL CLEARANCE FOR RESEARCH/DATA COLLECTION 

NB: The form should be completed by the principal researcher (PI) or student researcher (in consultation with the 
supervisor /promotor), attach the approved research proposal by the department and then submit to the Faculty 
Research Ethics Committee. 

Full name of researcher:  Mr. Joshua Kaviyu Hidinwa                                                                                        

Department & Faculty of Researcher: e.g.  Health and Applied Sciences 

Title of research project:   Distribution and Dynamic of toxic heavy metals in cultivated farm produce from 
Grootfontein, Otavi and Tsumeb Localities, Namibia. 

If a registered  NUST student,  indicate degree programme:  Master of Health Sciences 

NUST staff or student number: 215041585 

Supervisor/promotor (if applicable): Prof:  Omotayo Awofolu 

ETHICAL CONSIDERATIONS (Please indicate with X) Yes NS* No ACTION REQUIRED 

1. Familiarity with ethical codes of conduct 

As researcher, I have familiarised myself with the 
professional code(s) of ethics and guidelines for ethically 
responsible research relevant to my field of study AND 
the policy for the assurance and promotion of ethically 
accountable research at NUST (researchers’ obligation). 

√   If YES: Continue with the checklist. 
If NS/NO: Researcher must do so 
before proceeding. 

2. The proposed research: (Proceed with the whole of Section 2) 

a) Involves collection of information directly from 
human participants (individuals or groups) (e.g. by 
means of questionnaires, interviews, observation of 
participants(s) or working with personal data of people). 

Yes 
 
 

NS No** 
 
√ 

If YES: Continue with the checklist. 
If NO: This checklist process does not 
apply to the proposed research, 
except if 2 (b) applies. 

b) Involves collection of information directly from 
companies, corporations, organisations, NGOs, 
government departments etc. that is not available in the 
public domain.  

  √ 
 

If YES: Continue with the checklist. 
If NO: This checklist process does not 
apply to the proposed research. 

c 1) Is linked to or part of a bio-medical research project 
  c2) Is linked to or part of nuclear/radio-active research 

project. 
c3) Is linked to bio-technological research project e.g. 

GMOs, Environmental Nanotech research etc. 

   
√ 

If YES/NS: FHAS-REC clearance will be 
required.  

d) Involves collection of information without consent 
/assent, i.e. will be conducted without the 
knowledge of the individual/participants in the 
research 

   
√ 

If YES/NS: FHAS-REC clearance will be 
required. 

e) Involves collection of identifiable information about 
people from available records/archival material to 
be collected on individuals/groups/lists with 
personal information 

   
√ 

If YES/NS: FHAS-REC clearance will be 
required. 

f)   Involves collection of environmental samples (such as 
water, soil, and plant resources etc. 

√   If YES: provide an indication of no 
impact on the resources in the 
proposal 
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3. The  proposed research involves the collection of information from people in the following categories: 

a) Minors (persons under 18 years of age)   √ 
    

If YES/NS for any of these categories (a-f): 
FHAS-REC clearance will be required. The 
committee must screen the proposal and 
may seek further external clarification if 
the ethical risk is assessed as medium or 
high.  
 
If NO for all of these categories: Continue 
with the checklist. 

b) People with disabilities, orphans   √ 

c) People living with/affected by HIV/AIDS   √ 

d) Prisoners    √  

e) Another category deemed vulnerable; SPECIFY here:   
[check glossary for definitions] 

    

f) NUST staff, students, or alumni    
√ 

If YES/NS: FHAS-REC clearance must be 
obtained. Complete the checklist and 
submit to the committee. If NO: Continue 
with the checklist.  

4. Assessment of risk of potential harm as a result of the research (tick ONE appropriate YES or NS box) 

a) Minimal risk (for a classification of risk types, and 
definition, see reference below†and for Standard Research 
Operation Procedure for research and research ethics (NUST-
Res Policy)‡ 

Yes 
 
 

NS No 
 
√ 

If YES/NS: Established ethical standards 
apply. Proceed to 5, 6 and 7 and 
completion of checklist. 
If NO: Proceed to 4b). 

b) Low risk (for a classification of risk types, and definition, 
see reference below† and for Standard Research Operation 
Procedure for research and research ethics (NUST-Res 
Policy)‡ 

Yes 
 
 

NS No 
√ 

If YES/NS: Established ethical standards 
apply; further assessment may be carried 
out by FHAS-REC. Proceed to 5, 6 and 7 
and completion of checklist. 
If NO: Continue with the checklist. 

c) Medium risk ((for a classification of risk types, and 
definition, see reference below† and for Standard Research 
Operation Procedure for research and research ethics (NUST-
Res Policy)‡ 

Yes NS No 
 
√ 
 

If YES/NS: FHAS-REC clearance must be 
obtained; further assessment/ 
clarification may be carried out by F-REC. 
Proceed to 5, 6 and 7 and completion of 
checklist. 
 
If NO: continue with the checklist. 

d) High risk (for a classification of risk types, and definition, 
see reference below† and for Standard Research Operation 
Procedure for research and research ethics (NUST-Res 
Policy)‡ 

Yes NS No 
 
√ 
 

If YES/NS: FHAS-REC clearance must be 
obtained; further 
assessment/clarification may be carried 
out by FHAS-REC. Proceed to 5, 6 and 7 
and complete the checklist. 
If NO: Continue with the checklist. 

5. The proposed research involves processes regarding the selection of participants in the following categories: 

a) Participants that are subordinate to the person doing the 
recruitment for the study  

Yes NS No 
√ 
 

If YES: FHAS-REC clearance may be 
required. 
If NO: Continue with the checklist. 

b) Third parties are indirectly involved because of the person 
being studied (e.g. family members of HIV patients, 
parents or guardians of minors, friends) 

Yes NS No 
 
√ 

If YES: FHAS-REC clearance may be 
required. 
If NO: Continue with the checklist. 

 

6.  Steps to ensure established ethical standards are applied ( regardless of risk assessment)  

a) Informed consent:  Appropriate provision has been/will be 
made for this (in writing) or indicated in the research tool. 

Yes 
 

NS No 
 
√ 

If YES: Provide evidence together with 
the submitted proposal. Continue with 
checklist. 
If NS/NO: Attach/provide justification 
for further assessment and advice. 
 
This should be reflected in the 
evidence of ‘informed consent’ or as 
reflected in the research instrument  

b) Voluntary participation: Respondents/informants will be 
informed, inter alia, they have the right to refuse to answer 
questions and to withdraw from participation at any time 

 
 

 √ 

c) Privacy: Steps will be taken to ensure personal data of 
informants will be secured from improper access 

  √ 

d) Confidentiality and anonymity: Confidentiality of information 
and anonymity of respondents/informants will be maintained 
unless explicitly waived by respondent. 

 
 

 √ 
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e) Training: research assistants/ fieldworkers will be used to 
collect data, and ethics awareness will be included in their training 

  √ 

f) Mitigation of potential risk: Likelihood that mitigation of risk of 
harm to participants is required, which is at medium/high, 
appropriate steps have been/will be taken  (e.g. referral for 
counselling) 

Yes NS No 
 
√ 

If YES/NS: Develop protocols for 
submission to F-REC. Continue with 
checklist. 
If NO: Proceed with checklist. 

g) Access: Institutional permission is required to gain access to 
participants and has been/will be secured. Specify here from 
whom: 
 
 
[If the permission letter required is available, attach a copy with 
the application. If it is not available, apply for it immediately and 
indicate when it will be available. 

Yes NS No 
 
√ 

If YES: Develop application for 
authorisation process it accordingly. 
Continue with checklist. 
If NS: Refer proposal to departmental 
research co-ordinator for clarification 
and advice. Continue to 6 (h). 
If NO: Proceed to 6 (h).  

h) Accountability research*: Institutional permission to gain 
access to participants poses an obstacle to conduct the research. 

Yes NS No 
 
√ 

If YES/NS: Refer proposal to 
departmental research co-ordinator 
and/HoD for clarification and advice. 
Continue with checklist. 
 
If NO: continue with checklist. 

i) Public availability of instruments to gather data: [When 
applicable] Are the instruments that will be used to gather data 
available in the public domain?  

Yes 
 
√ 

NS No 
 
 

If YES or not applicable: proceed with 
checklist. 
If NS/NO: Obtain permission to use the 
instrument(s) and submit letters of 
permission with the proposal to 
departmental research co-ordinator 
and/HoD for clarification and advice. 
Continue with checklist. 

j) Use of psychological tests: [When applicable] Are the 
instruments that will be used to gather data classified by law as 
psychological tests?  
 
^May provide brief answer here (where required: 

Yes NS No 
 
 
√ 

If YES/NS: Indicate who will administer 
these tests, and whether they are 
appropriately registered and 
adequately trained to do so. Provide 
registration number and professional 
body. Continue with checklist.  
If NO or not applicable: Proceed with 
checklist. 

k) Protecting data from unauthorised access: Are appropriate 
measures in place to protect data from unauthorized access? If 
yes, specify what the measures are: 
 
^May provide brief answer here (where required: 

Yes 
 
√ 

NS No 
 

If YES: Specify and proceed with 
checklist. 
 
If NO/NS: Develop and put in place 
appropriate measures. Continue with 
checklist. 

 

l) Unexpected information: If unexpected, unsolicited data is revealed 
during the process of research, data will be kept confidential and will 
only be revealed if required by law.  

Yes 
 
√ 

NS No If YES: Proceed with checklist. 
 
If NO/NS: Consult on this matter 
with FHAS-REC for further 
guidance. Continue with checklist. 

m) Emergency situations: If an unexpected emergency situation is 
revealed during the research, whether it is caused by my research or 
not, it will immediately be reported to my supervisor/promotor and 
Departmental Chair for further advice.  

Yes 
 
√ 

NS No If YES: Proceed with checklist. 
 
If NO/NS: Consult on this matter 
with FHAS-REC. Continue with 
checklist. 

n) Permission to use archival data: [When applicable] Is permission 
granted from the custodian of the archive to use it. 
 

Yes 
 
√ 

NS No 
 
 

If YES: Proceed with checklist. 
 
If NO/NS: Consult on this matter 
with FHAS-REC. Continue with 
checklist. 

o) The archive itself does not pose problems: [When applicable] The 
initial conditions under which the archive originated allow you as a 
third-party researcher to use the material in the archive. 
 

Yes 
√ 

NS No 
 
 

If YES, proceed with checklist. 
If NO/NS: Consult on this matter 
with FHAS-REC. Continue with 
checklist. 
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7. Conflict of interest  

Is the researcher aware of any actual or potential conflict of interest in 
his/her proceeding with this research? 
 
^If “yes” May provide brief answer here (where required: 

Yes NS No 
√ 
 
 

If YES/NS: Identify concerns, attach 
details of steps to manage them, 
and refer to F-REC for assessment 
and advice. 
If NO: No further actions are 
required, except signing the 
declaration and the checklist, and 
submit to FHAS-REC together with 
supporting documentation where 
required. 

 

DECLARATION BY RESEARCHER: 
I hereby declare that I will conduct my research in compliance with the professional code(s) of ethics and guidelines for ethically 
responsible research relevant to my field of study as specified in the list herewith attached, AND the ‘Framework policy for the 
assurance and promotion of ethically accountable research at the Namibia University of Science and Technology’, even if my 
research poses minimal or low ethical risk. 

 

Name of Researcher:  Joshua Kaviyu Hidinwa Signature: 

 

Date: 
03/05/2017 

 

Name of Supervisor (if applicable): Signature: Date: 

Name of co-supervisor(s) (if applicable): Signature: Date: 

Name of co-supervisor(s) (if applicable): Signature: Date: 

 

RECOMMENDATION BY THE REVIEWER:  PLEASE INDICATE WITH (X) AS APPROPRIATE 

i. No ethical issue(s) in the proposal; researcher may proceed with the project  

ii. Minor ethical issue(s) in the proposal; researcher may provisionally proceed with the project BUT must comply with 
recommendations below within specified time otherwise provisional consent will be withdrawn 

 

iii. Major ethical issue(s) in the proposal; researcher should not proceed with the project until all recommendation(s) below 
is/are complied with and application resubmitted for consideration. 

 

Comments by the reviewer (may attach separate page as necessary): 

 
 
 
 
 
 
 
 

Title, full name of reviewer & (field of specialisation):  

Date:   

Signature:  

 

Note: It is the responsibility of the department/supervisor to provide researcher or (PG students) with a list of professional Code(s) 
of Ethics and Guidelines for ethically responsible research in their specific field of study or refer them to appropriate online site(s) 
where the information can be accessed. 

NB: As a guide, you may read the general guideline for research ethics as well as subject specific guidelines at “The Norwegian 
National Research Ethics Committee (https://www.etikkom. no/en/In-English/Publications/- accessed: 30-01-2016) 
†Classification of risks: Risk classification of research projects (http://mams.rmit.edu.au/zbxuyx1l4zchz.pdf) 
‡NUST Research Policy: http://staffintranet.nust.na/?q=filedepot 

 
 
 

Acknowledgement: Excerpts from the clearance form of the University of Stellenbosch, South Africa is hereby acknowledged. 
 PLEASE YOU MAY PRINT ON BOTH SIDES OF THE PAGE 

 

 

THIS ETHICAL CLEARANCE APPLICATION SHOULD BE PROPERLY FILED AND SEND TO THE FACULTY RESEARCH ETHICS 
COMMITTEE TOGETHER WITH COPY OF THE RESEARCH PROPOSAL. ON RECEIPT OF THE DOCUMENT, THE RESEARCH 
ETHICS COMMITTEE WILL PROCESS AND REVERT BACK TO THE RESEARCHER AS SOON AS POSSIBLE. 

http://mams.rmit.edu.au/zbxuyx1l4zchz.pdf
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Appendix B: Approval letter from the Ministry of Agriculture, Water & Forestry 

 

P.O.Box 40094 

Ausspannplatz 

Namibia 

06 September 2017 

Permanent Secretary 

Ministry of Agriculture, Water & Forestry 

Private Bag 13184 

Windhoek 

Dear Sir/Madam, 

RE: Request for permission / consent to conduct research in Tsumeb, Grootfontein and 

Otavi District 

I am currently registered for the Master of Health Sciences Degree at the Namibia University 

of Science and Technology (NUST) and one of the requirements is to carry out a research 

project.  

The title of my research is the “Distribution and Dynamics of Heavy Metals in Farm Produce 

from Farmlands within Tsumeb, Grootfontein and Otavi Local Areas”. It involves the collection 

of farm produce (tomatoes, potatoes, cabbage, carrots maize) from agricultural farms. 

It is against this background that I am humbly requesting for permission/consent from your 

good office to conduct the above-mentioned activity. 

I hope my request will find your favourable consideration in this regard. 

 

Yours faithfully 

 

Joshua K. Hidinwa 

0812600555 
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Compliance with Ethical Standards 

The authors adhere to all ethical requirements involved in this research project. 

Conflict of interest: The authors declare that there was no conflict of interest in the 

implementation of this research. 

Research involving Human Participants and/or Animals: Research did not involve human 

and/or animal participants. 

Informed consent: All participants were duly informed. 

 


