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ABSTRACT

The Onderstepoort landfill facility is in the City of Tshwane (CoT) and has been
operational since 1996. The facility was developed following the Environmental
Conservation Act (ECA) 73 of 1989 and classified as G:M:B- which means that the
facility accepts general waste (G), medium in size (M), and with no significant
generation of leachate (B-). Onderstepoort landfill facility has reached its full capacity
and is in the process of being closed.Tshibalo,(2017) also revealed that the
Onderstepoort landfill facility was established without bottom liners and lacked a
leachate collection system. Thus, it was necessary to conduct a study to investigate
the physical, chemical, and microbiological quality of groundwater samples collected
from the three existing boreholes in the facility.

A limited pilot water quality study involved the analysis of water from two boreholes in
August 2015 for pH, electrical conductivity, colour, and total coliform count. After a third
borehole was drilled, a more comprehensive four-week study was conducted in August,
October, and November 2016. Groundwater samples were collected and analysed in
an accredited laboratory for comparison against the World Health Organisation (WHO)
and SANS 241: 2015 drinking water quality standards.

Physical parameter analysis showed that the sample water colour and electrical
conductivity were within both water quality standards of WHO (2017) and SANS (2015).
Although the water pH decreased since the 2015 study, the pH of the water samples
collected in 2016 still exceeded the WHO (2017) water quality standard. The chemical
parameter analysis showed that chloride, fluoride, cadmium, calcium, lead, sodium and
zinc were within the water quality standards but higher than standard concentrations of

copper, sulphate, nitrate nitrogen, magnesium and manganese determined.

The parameters such as sulphate, copper and iron are within the acceptable limits since
the 2015 study. The microbiological analysis also showed high numbers of E.coli and
total coliforms that had increased since 2015. Based on the results of this study, the
leachate from the decomposed waste material may be responsible for groundwater
contamination due to the lack of bottom liners and it might make the groundwater
unsafe for human consumption or domestic use. As a consequence, there is a need for

continuous monitoring of the groundwater quality within and outside the facility.
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CHAPTER 1: INTRODUCTION

This chapter outlines the research topic concerning an environmental geohydrological
investigation at a landfill facility and the background information on landfill impact on
groundwater. It also provides the background of the study (page 1), purpose (page 6),
problem statement (page 7), aims (page 8) and objectives (page 8), hypothesis (page

8), limitations (page 9), and ethical considerations(page 9).

1.1 Background

The City of Tshwane manages and operates five landfill facilities within the municipality
CTMM (2014). The Onderstepoort landfill facility is one of the five operational landfill
sites within the city and has been operational since 1996 according to Tshibalo (2017).
The site is about 50 hectares in size. It was developed following the Environmental
Conservation Act (ECA) 73 of 1989 and classified as G:M: B- which means that the
facility may accept general waste (G), medium in size (M), and with no significant
generation of leachate (B-). However,Tshibalo (2017) revealed that the Onderstepoort
landfill facility was established without bottom liners and lacked a leachate collection

system.

The landfilling method is recognized as the most common practice of Municipal Solid
Waste (MSW) disposal in many countries DEA (2012). According to the South African
Department of Forestry Fisheries and Environmental (DEA now DFFE), over 90% of
municipal solid waste in South Africa is disposed of at landfill sites, a necessary practice
resulting from an increase in the generation of MSW due to rapid population growth, an
improved standard of living and increase in economy, as well as industrial urbanization
(DEA, 2012).

Such MSW includes general and hazardous waste materials (Nevondo and Malehase,
2019). The South African National Environmental Management: Waste Act defines
general waste as material that does not harm the environment such as domestic,
construction, and demolition waste, while hazardous waste material is defined as waste
material comprising organic or inorganic elements that may harm human health and the

environment (Republic of South Africa, 2008).



It is important when managing or operating the landfill site to comply with the condition
of the permit or license. Hence, the permitting procedure allows the identification of
potential impacts and the mitigation actions to be prescribed, to avoid any fatal flaws
that may prohibit the development of the landfill in areas such as below the 1 in 50-year
flood line. If the condition of the authorization is not adhered to, then a potentially
adverse effect on the environment will occur. Impacts may be short-term or long-term
(DWAF, 1998).

The short-term impacts comprise bad odour, noise, flies, and air pollution due to smoke
from the burning of waste, dust, and litter blown by the wind. These impacts are
worsened by poor operational activities at the site. Long-term effects include more
serious pollution of the groundwater and gas generation in the landfill site. The problem
can be exacerbated by incorrect landfill site selection, design, and preparation (DWAF,
1998).

Historically, South African municipalities have been implementing an end-pipe approach
to managing solid waste CTMM (2014). Disposal of waste at the landfill site was the only
option utilized in the past prior to the implementation of the waste management hierarchy,
hence the focus has been on acquiring space for the development of the landfill sites
(DEA, 2011).

The waste hierarchy is an ideal international approach for waste management, and it
aims to decrease the dependency on waste disposal on landfill sites DEA, (2011). So far,
the new approach to implementing the management system of solid waste is reinforced
within the waste hierarchy, which was introduced in South Africa through the developed
White paper on integrated pollution (DEA, 2011).

The National Environmental Management Waste Act (Act 59 of 2008) is structured
around the phases in the waste management hierarchy, which is the overall approach
that informs waste management in South Africa. As indicated in Figure 1.1 (page 3), the
waste management hierarchy consists of options for waste management during the
lifecycle of waste and is arranged in descending order of priority: waste avoidance and
reduction, re-use and recycling, recovery, followed by treatment and disposal (Republic
of South Africa, 2008).



REDUCE

RECYCLE & COMPOST

CREATE ENERGY

DISPOSED

Figure 1.1: The hierarchy of waste management (DEA, 2011).

The main aim of the waste management hierarchy is to achieve optimal environmental
outcomes as a guide for prioritizing waste management DEA (2011). It also encourages
less generation of waste and allows for the disposal of less waste at landfill sites. The
waste management hierarchy comprises several stages. It describes the preferred order
of waste management practices from the most to least preferred (DEA, 2012). The
waste hierarchy approach is systematic and holistic to waste management during the
waste life cycle. Its implementation addresses waste reduction, waste avoidance, waste

recovery, treatment recycling, and safe disposal as the last option.

Waste avoidance and reduction are the basis of the waste management hierarchy. The
waste products or materials need to be manufactured or created in a manner that
reduces the number of waste components or minimizes the waste material quantities
used and the possible toxicity generated during the production of waste and after use,
as emphasised by (Nkosi et al., (2013). Waste minimization occurs as a result of
economic incentives through extended producer responsibility as elaborated by (Nkosi
et al., 2013).



According to DEA (2012) waste disposal is considered the ‘last option” within the waste
management hierarchy Waste material can be reused for the same purpose without
changing its original form. It can become an input for a new product that could be
reusable when it reaches the end of its lifespan. This approach focuses on separating
waste materials from the waste stream, to process them as new products or raw
materials. This supports the cradle-to-cradle approach in waste management. The
treatment process of waste minimises the environmental impact of waste by changing
waste's physical properties and destroying toxic components. Disposal of waste refers
to the burial of waste on the land DEA (2012).

The Department of Water and Sanitation (DWS) develop the first edition of minimum
requirements for waste disposal by landfill in 1994, and intends to introduce the proper
engineering of the landfill sites to install bottom liners to prevent groundwater
contamination DWAF (1998) and Anza (2018). The DWS introduced second edition of
minimum requirements by landfill in 1998. This document assisted with the compliance
issues within a landfill site such as landfill permits, siting, operation, closure, and

rehabilitation processing as reported by Anza (2018).
The DWS developed three series of documents with the following objectives:

1.Waste disposal by landfill to take steps of inhibiting the degradation of groundwater
quality and the environment, and to improve the standards of waste disposal
operations and management in South Africa.

2.Water monitoring at waste management facilities to encourage the protection of
groundwater as a strategic resource to be protected from excessive contamination.
3. Handling, classification, and disposal of hazardous waste to avoid water pollution

and to ensure the sustainability of water resources in South Africa.

Section 24 of Chapter 2: Bill of Rights of the Constitution contains safeguards regarding
the well-being of everyone's right to a clean environment and to live in an environment
that is not harmful to health Republic of SA (1996). The Constitution of South Africa Act
no 108 of 1996 guides all the legislative and policy development in South Africa.
Schedule 5 in section 156(1) (a) of the Constitution of South Africa assigns to local
government the responsibility for refuse removal, solid waste disposal, and cleansing
Republic of SA (1996).



The purpose of the Water Amendment Act 45 of 1999 is to protect water resources that
include rivers, streams, and dams. The aim is to ensure that water resources are
protected, developed, used, and organized in an integrated manner. Section 19 (2) of
the National Water Amendment Act 45 1999 outlines that: ~A title holder or an occupant
of land in which the incident occurs that may likely cause pollution of the water resources
he/she must take all the practical procedures to cease pollution or prevent it from

occurring”.

The National Environmental Management Act (NEMA), Act 107 of 1998 is the legislative
framework to ensure that the environment is protected. The principles of environmental
management outlined in this Act form the basis for dealing with environmental issues.lt
was developed to ensure a way to enforce, administer and govern environmental

legislation and environmental policies.

In addition, NEMA established an environmental framework and introduced several
guiding principles into South African environmental legislation, including amongst others
the concept of “polluter pays”,” cradle to grave”, and the precautionary principle of the
(Republic of SA, 1998). The overarching principle covers sustainable development,

while specific principles addressing waste management are as follows:

“Polluter pays principle” means those who cause damage or produce pollution of the
environment must pay the cost to restore the harm to the environment and human health
(Republic of SA, 1998).

The National Environmental Management Waste Act, Act 59 of 2008 is structured
around the phases in the waste management hierarchy, which is the overall approach
that informs waste management in South Africa. As indicated in Figure 1.1, the waste
management hierarchy consists of options for waste management during the lifecycle
of waste and is arranged in the descending order of priority: waste avoidance and
reduction, re-use and recycling, recovery, followed by treatment and disposal as the last
option (Republic of SA, 2009).

The National Waste Management Strategy (NWMS) is a legislative prerequisite of the
National Environmental Management: Waste Act. The importance of the NWMS is to
accomplish the objectives of the Waste Act. The NWMS is structured within the context

of eight goals and descriptions (Table 1.1).
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Table 1.1 NWMS goals and descriptions (DEA, 2011).

Goal number Description

Goal 1 To promote waste minimization, re-use, recycling,

and waste recovery

Goal 2 To ensure effective and efficient delivery of waste
service

Goal 3 To ensure green economy growth by waste sector
growth

Goal 4 To alert the public on the impact of waste on their

health, well-being, and the environment.

Goal 5 To plan the integrated waste management

Goal 6 To draw comprehensive budgeting and financial

management of waste services

Goal 7 To develop remedial measures for contaminated land

Goal 8 To comply and enforce the Waste Act.

1.2 Purpose of the Research

Landfill sites are recognized as some of the main threats to groundwater resources DEA
(2011). Upon disposal of waste at the landfill site, it goes through physical, chemical,
and biological changes over a period of time. Studies have investigated the level of
groundwater quality contamination within landfill sites Ankinbile and Yusoff (2011);
Adeolu et al. (2011), Njoku and Edokpayi (2019) and Longe and Balogun (2010)
reported that landfill sites are the major cause of groundwater pollution through the
production of leachate and its migration through waste. Different practices and methods
were explored by these researchers when investigating possible groundwater pollution
within the landfill site (Muhammed et al., 2015).

Most of these studies concluded that landfill sites may potentially contaminate
groundwater. Chavan and Zambare (2014) outlined that poor waste management
practices within landfill sites pose a serious risk to the health of communities and the
environment. In addition, Ovelami et al. (2013) reported that landfill waste undergoes



biological, chemical, and hydrological changes after some years, which may result in

pollution.

1.3 Research Problem Statement

The increasing population size is accompanied by an increase in the consumption of
waste products, as well as increasing volumes of waste, which is controlled through the
National Waste Management Strategy DEA (2011). The strategy emphasizes the
implementation of a waste hierarchy where the municipalities should implement waste
minimization programs to increase the life span of the landfill sites as outlined (CTMM,
2014).

Prior to the implementation of the waste hierarchy and an end-of-pipe treatment of
waste, the focus of most South African municipalities was on waste collection and
disposal of municipal solid waste (DEA, 2011). A consequence of this was that landfill
leachate was discharged directly into a watercourse followed by leachate
decomposition, resulting in the depletion of dissolved oxygen from the water to

negatively impact aquatic life according to Sullivan et al. (2005).

Groundwater contributes 15 % of the water resources used in South Africa. The major
sources of groundwater pollution include industrial and household chemicals, fertilizers

and pesticides, mines, landfill sites, sewage sludge, and septic tanks.

This study aimed at determining whether the Onderstepoort landfill facility has the
potential of contaminating groundwater concerning its operational activities. To make it
possible, groundwater samples were collected from existing boreholes within the landfill
site. Groundwater parameters were compared to SANS:241 (2015) and WHO (2017)
water quality standards. The output of the research determined if the groundwater near
the Onderstepoort landfill site is suitable for human consumption or domestic use.

1.4 Research Hypotheses
The following hypotheses were formulated regarding the environmental geohydrological

investigation on a landfill site:



e HO -The Onderstepoort landfill site water quality levels are above the
recommended levels of SANS 241: (2015) and WHO (2017) water quality
standards.

e H1 — The Onderstepoort landfill site water quality levels are below the
recommended levels of SANS 241: (2015) and WHO (2017) water quality
standards.

1.5 Aim of the Research Study
This research study aimed to assess groundwater quality within the Onderstepoort

landfill facility using selected chemical, physical and microbiological parameters.

1.6 The Objectives of the Study
In achieving this aim, the following study objectives were addressed within the
Onderstepoort landfill site:
1) To assess and compare the groundwater quality physical, chemical and
microbiological parameters pollution levels with water quality standards.
2) To investigate possible contamination of groundwater at the Onderstepoort
landfill site.
3) To evaluate the potential environmental impacts of groundwater pollution.
4) To recommend the improvement measures as per the analysis and findings of

the results.

1.7 Assumptions
Assumptions that applied to this study were as follows:
1) Groundwater is non-industrial water from groundwater that flows from the earth's
surface downwards through a process called percolation or seepage and ends
up stored in an aquifer (DWAF, 1998).
2) Groundwater for this research study was collected from three boreholes in the

landfill site that excludes water from the rivers, dams, and water streams.

Acceptable standards concerning water to be used for human consumption are
described in the South African National Standards SANS 241, (2015) and World
Health Organisation WHO (2017) water quality standards.



1.8 Limitations
The following were the limitations of the study:

e The study area was limited to one landfill site (Onderstepoort) within the city of
Tshwane municipality.

e Three boreholes existing on site were used for groundwater quality data
collection. The boreholes were drilled for water monitoring purposes of the
facility.

e Groundwater sampling frequency was done for eight consecutive weeks during
the wet and dry seasons (12 and 25 August and 28 October, 3 November and
18 November).

1.9 Ethical Considerations

Ethical considerations are important in all types of research studies. Ethics were taken
into consideration during the measurement procedure and the results were obtained to
avoid fabrication or incorrect data. General principles of the research consideration to
ensure that no harm should come out of the research subjects and that people should
be respected. The research proposal was approved by the CAES Ethics Team in
November 2014 with the reference number 2014/CAES/155.

1.10 Dissertation Overview

This research study consists of six chapters:

Chapter 1: This chapter contains the background of the research study, the research
problem statement, the aim and objectives, the hypothesis, limitations, and ethical

considerations.

Chapter 2: This chapter reviews the literature on the research topic and describes the
landfill legislation framework, groundwater standards, groundwater pollution, and water
quality parameters, evaluates the impacts of groundwater quality, and recommends

improvement options.

Chapter 3: This chapter describes the study area and data collection methods, as well

as techniques used during the study.

Chapter 4: This chapter presents the findings of the study and discusses the analysis

of the results of the research study.



Chapter 5: This chapter discusses the results of the research study.

Chapter 6: This chapter presents a conclusion and recommendations of the study.
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CHAPTER 2: LITERATURE REVIEW

This chapter reviews the literature on the field of groundwater and offers background
information on the definition and characteristics of groundwater. It also covers an
overview of groundwater pollution and worldwide information on the impact of
groundwater quality at landfill sites. The gaps identified in the literature justify the
objectives of the research study.

2.1 Groundwater

Ankinbile and Yusoff (2011) emphasizes that the protection of groundwater is important
and needs to be monitored. There are, however, human factors such as spillages, mine
drainage, and wastewater discharge, natural factors such as climate and geology, and
non-point sources such as landfills, erosion, and urban runoff that influence the sources
of water quality (Ankibile and Yusoff, 2011). Surface water is more vulnerable to
contamination due to both the human factor and direct contact as compared to

groundwater.

Again, according to Bhavika et al. (2014), groundwater within the landfill site becomes
polluted when leachate produced from waste material passes through the soil and
reaches groundwater. This also may happen during rainfall when surface water gets
polluted. Furthermore, the pollutant has been added to groundwater through human
activities or natural sources. According to Bhavika et al. (2014) the adverse effects on
groundwater quality are due to human activities that include agriculture and waste
disposal. According to Aljaradin and Persson (2012), polluted groundwater is generally

difficult to keep in its original quality state once it is contaminated.

Industrialization and urbanization developed over some time increased the level of
groundwater pollution (Patil and Kumar, 2014). The situation is compounded by the
population increase that gives rise to compromised situations in terms of managing
waste management. To add, landfilling and/or dumping site facilities seem to be

methods that are used for waste disposal all over the world.

It is thus a challenge and a costly process to clean up or take away the contaminant
from the water, yet the groundwater quality is of importance due to its determination of

suitability for domestic use or irrigation purposes. Magda and EL-Salam (2014) outlined
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that subsequently, several policies and strategies have been developed in the field of
solid waste management. These include waste reduction and waste addition to
landfilling of unrecyclable material. In developing countries landfills have a very limited

time for operation (Magda and El-Salam, 2014).

The characteristics of groundwater are determined by the total number of contaminants
found in the water (DWAF, 1996).These are mainly influenced by the activities
undertaken at landfill sites. The contaminants are chemical, physical, and
microbiological in character and have different influences on the groundwater quality
(DWAF, 1996). Water quality is determined by analysing various parameters including
physical parameters (pH, turbidity, electrical conductivity, colour, and total hardness),
chemical parameters (chloride, fluoride, nitrate-nitrogen, sulphate, cadmium, copper,
iron, lead, magnesium, manganese, zinc and sodium) and microbiological parameters
(total coliforms, Escherichia coli and heterotrophic plate count) and comparing these to
waste quality standard levels (DWAF, 1996a).

2.2 Physical parameters characteristics

According to DWAF (1996a) the occurrence of colour in the water can be naturally due
to the presence of metals such as iron and manganese that contribute to brown
discoloration in the water. Tiwari (2015) defines colour as vital for water users and the

determination of colour can ensure the quality of the water.

Water pH is the measure of the hydrogen ion concentration in the water. According to
Tiwari (2015) pH is defined as an indicator of the biological life's existence in the water.
Prasanth et al. 2012 described acidic water as having a pH value from 0 to 7.0, while a
pH of 7.0 describes neutral water. Exposure to alkaline water with a pH level greater
than 11 may result in irritation to the eyes, skin, and mucous membranes emphasises

by Magombeyi and Nyengera (2012).

Electrical Conductivity (EC) indicates the presence of ions in the water Tiwari (2015).
Oyiboka (2014) highlighted the EC of water depends on the water high temperature, as

a result, lead to higher EC ions in the water.
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According to Prasanth et al. (2012) turbidity is caused by a diversity of suspended
materials. Turbidity may increase the possibility of waterborne diseases. If turbidity is
caused by algae, the light would not infiltrate the water, and cyanobacteria favor this

situation because it possesses a flotation mechanism (Tiwari, 2015).

High values of turbidity indicate high levels of suspended matter, which could cause
clogging of both soil and groundwater systems. Increased water turbidity may reflect the
possibility of waterborne diseases associated with microorganisms such as viruses,
parasites, and some bacteria Tiwari (2015).These organisms can cause symptoms such

as nausea, cramps, diarrhea, and headaches according to Oyiboka (2014).

The total hardness effects are the formation of scale in instruments and boiling water
systems in boilers. The treatment of hardness in water involves a reverse osmosis

process and the utilization of a softener ion exchange (Dohare et al., 2014).

A study was undertaken by Anilkumar et al. (2015) highlighted that the total hardness
parameter is considered important for water quality, whether the water is used for
domestic, industrial, or agricultural purposes, particularly as this water elevated total

hardness may be associated with cardiovascular disease.

2.3 Chemical parameters characteristics

A high concentration of chloride may impart a salty taste to water. According to Dohare
et al. (2014), all types of raw and natural water contain chloride but elevated levels of
chloride in water are associated with effluent from agricultural and industrial activities.
Chloride ions in water result from the dissolution of salt and the use of household
detergents, water softeners, and disinfectants, as well as sewage contamination of the
water (Albek, 1999).

A research study conducted by Anilkumar et al. (2015) reported that people drinking
chlorinated water over a long period have a 21% increase in the risk of contracting

bladder cancer and a 38% increase in the risk of rectal cancer.

Fluoride concentration is controlled by the climate in the region and the presence of
minerals in the rock (Dohare et al., 2014). According to DWAF (1996), health problems

associated with the condition known as fluorosis may occur when fluoride
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concentrations in groundwater exceed 1.5 mg/l and the staining of tooth enamel may
become apparent (dental fluorosis).

Phosphorus controls the growth of an aquatic plant and is an important plant nutrient.
Due to low solubility in water, phosphorus contains a minimum level in groundwater.
High levels of phosphorus in the water may cause algae growth and potential
groundwater contamination DWAF (1996a).

Sulphate ions are created by corrosion procedures and are present in industrial waste.
Sulphate ions are contained in natural water resulting from the corrosion of rock DWAF
(1996a). The high levels of sulphate content in water cause scale to build up in water
pipes and impart a bitter taste to drinking water that is harmful to humans and livestock
(DWAF, 1996a; Muhammed et al., 2015).

Nitrates are created from domestic and industrial discharge, chemical fertilizer
factories, and decaying vegetable matter (Ward, 2009). Nitrates and nitrites may be
converted in the body into a class of compounds identified as nitrosamines that are

known carcinogens (Anilkumar et al., 2015).

According to WHO (2004) manganese occurs naturally mainly in groundwater but also
surface water, and its presence in water imparts an undesirable taste to the water and

stain laundry.

Sources of lead released into the environment include water, food, and waste from
industrial processes involving batteries, pipes, and paints. Ingested water with a lead
concentration higher than 0.01lmg/L can cause neurological damage, especially in
young children and foetuses (Kwame et al., 2019).

Magnesium, together with calcium, is responsible for scaling problems in appliances
using heating elements and plumbing (DWAF, 1996a). Iron is characterized as a
lustrous, ductile, malleable, silver-grey metal (Oyiboka, 2014), and is considered the
second most abundant metal in the earth's crust and a crucial element for the growth
of all living organisms. and iron deficiency in the human body may lead to anaemia
whereas the presence of iron in water may change the colour of the water and in its
insoluble form, iron affects aquatic life, as it may interfere with normal biochemical

processes (Hider and Kong, 2013).
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Zinc present in the earth’s crust is measured at around 0.05 g/kg. Sphalerite is the main
common mineral in which zinc is coordinated with sulphides. Prasanth et al. (2012)
reported that excessive ingestion of zinc leads to symptoms in humans including

abdominal pain, dehydration, vomiting, and electrolyte imbalance.

2.4 Microbiological parameters characteristics

According to Tiwari (2015), the importance of microbiological water testing is to
determine the extent of water pollution created by organisms in the water, especially of
human origin. Coliform bacteria are used as a sign of organism presence during water
testing. The bacteria present in the water ensure the indication that the water pollution
resulted from human and animal faeces.This indicator is used to evaluate the quality of
groundwater, river, or seawater used for drinking. Historically the microbiological quality
of groundwater is measured by the presence of indicator organisms such as total
coliforms including Escherichia. coli.

The most common bacteria, which are present in water contaminated with faecal
material and that are the easiest to detect are E. coli. E. coli are classified as rod-shaped
Gram-negative bacteria in the family of Enterobacteriaceae that mainly inhabit the
human intestinal tract. The presence of E. coli in water is an indicator of faecal
contamination (WHO, 2011). The best method used for testing the quality of water is to
test for E. coli and total coliforms (Price, 2017).Faecal coliforms are a common bacterial
indicator of faecal pollution in water and high concentrations of faecal coliforms in water
indicate the risk of contracting a waterborne disease, even if small amounts of water are
consumed (DWAF, 1996).

Anilkumar et al. (2015) confirmed that faecal coliforms are part of the group of coliform
bacteria that are generally harmless but include microorganisms that can cause mild or
serious illness.According to WHO (2003) the HPC is a simple, non-specific plate test
used to count heterotrophic microorganisms cultured from water samples to indicate the
proper functioning of water treatment processes, indirectly monitor water safety, and act
as a control in other microbial growth assays. Health-wise, there is little evidence to
support that HPC values from ingested water, in the absence of faecal contamination,
have associated health risks (WHO, 2003).
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2.5 Landfill Site Leachate

Rajkumar et al. (2012) define leachate as a liquid containing innumerable organic or
inorganic compounds that accumulated underneath the landfill site and infiltrate through
the soil and reach groundwater. Raghab et al. (2013) further define leachate as a type
of fluid that goes through a landfill and has dissolved suspended matter. Leachate
characteristics differ in composition, volume, and biodegradable matter present in the

leachate generated within some time (Raghab et al., 2013).

According to Raghab et al. (2013) leachate composition depends on numerous factors
comprising the climate, moisture content in waste, and degree of the compaction of
waste. In addition, the characteristic of leachate by low pH concentration during the

initial stage depends on high volatile fatty acids (Kamaruddin et al., 2013).

Kamaruddin et al. (2015) elaborated that the climate, landfill cover, and type of waste
at the landfill site composition have the most important role in the rate at which leachate
is generated. Hot and arid regions’ landfill generate less leachate due to low
precipitation whereby high leachate is generated in landfills in hot or tropical weather
climates. Bhalla et al. (2012) reported that rainfall, infiltration, and surface runoff are

several factors generating landfill leachate.

Mudau (2012) emphasized that the following factors influence the generation of
leachate in the landfill site: the geohydrological terrain around the landfill site; the rock
type acting as a groundwater aquifer, the soil type beneath a landfill site; and sandy soil
due to high porosity, as compared to clay soil characterized by small pores that prevent
the movement of leachate. It was further elaborated by Oyiboka (2014) that researchers
such as Longe and Balogun (2010) defined that the characteristics of leachate
generation are influenced by several factors such as waste composition, landfill design,
operation, degree of compaction, hydrology, and hydrogeology of site, age of landfill,

moisture and temperature conditions, and available oxygen within the waste.

Oyiboka (2014) emphasized that the age of a landfill site determines the composition of
leachate. Smaller quantities of leachate can be noticed in a young landfill site as
compared to that of an older one. Tshibalo (2017) defines a young landfill site as a
landfill that commenced operation over five years and an old landfill (matured phase)
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site as above ten years of age, and that leachate is characterized by high acid

concentration.

2.5.1 Factors affecting leachate quality
The quality of the leachate usually varies at landfill sites. The extent of variation is
attributed to many factors such as the composition of waste, moisture and oxygen

availability, temperature, processed waste, and waste toxicity (Oyiboka, 2014).

Oyiboka (2014) outlined the composition of the waste within the landfill site as
determined by the biological components within the landfill site and the waste material
such as organic waste aggravates the generation of leachate and other waste materials
including paper decreases waste decomposition in the landfill sites.Landfill site leachate
guality and waste stabilization are influenced by water within the landfill site. It is noted
that the role of water in the landfill site supports the fermentation of solid waste (Adhikari
et al., 2014).

The availability of oxygen determines the types of decomposition (anaerobic or aerobic)
within landfill sites. Aerobic decomposition occurs during the initial stage of the process.
The temperature in the landfill site is considered an influencing uncontrollable factor of
leachate quality. It has been outlined as fluctuating with seasonal temperature variations
(Adhikari et al., 2014).

2.5.2 Leachate management and treatment techniques

According to Raghab et al. (2013) leachate is characterized by great volumes of heavy
metals and other metals such as ammonia, pH, and nitrogen. The leachate
characteristics vary concerning their composition and volume. These make the
treatment of leachate challenging and problematic. Therefore, according to Kamaruddin
(2013), it is important to understand the characteristics of leachate and the methods of
treating leachate and the leachate treatment is classified according to three types which

include aerobic, anaerobic, and semi-aerobic.

According to Tshibalo (2017) emphasised that various methods can be used to treat
leachate generated from landfill sites. The selection of the leachate treatment method

is determined by the main leachate parameters namely, heavy metals, Chemical
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Oxygen Demand (COD), and Total Organic Carbon (TOC). The methods for leachate
treatment are adapted for the processing of wastewater treatment and divided into main

categories such as biological treatment, and chemical and physical treatments.

Oyiboka (2014) outlined that the biological treatment process of leachate is the common
method used for the removal of leachate containing high concentrations of chemicals.
Biological processes have been effective also in removing organic matter from
undeveloped leachates. Biological treatment methods include membrane bioreactors
(MBR), activation of sludge process (ASP), sequencing batch reactors (SBR), aerobic

lagoons, and constructed wetlands (Oyiboka, 2014).

Chemical and physical treatments are regarded as the preferred method for the
treatment of leachate, which can be utilized for the preparation of inorganic and organic
composites within the leachate (Oyiboka, 2014). Physical-chemical treatment methods
include evaporation, filtration oxidation, coagulation/flocculation, activated carbon, and
stripping, the selection of technologies to treat leachate depends upon the

characteristics of the leachate (Oyiboka, 2014).
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CHAPTER 3: RESEARCH DESIGN AND METHODOLOGY

This chapter presents the research design and methodology employed in this study, to
examine the impact of the Onderstepoort landfill facility operational activities on
groundwater quality. A quantitative research method was used to determine

groundwater quality through water sampling and laboratory analysis.

3.1 Research Process
Based on the literature review, the following guidelines for the research design were
used:

e Three boreholes that exist within the Onderstepoort facility were evaluated for
the physical, chemical, and microbiological levels of contamination.

e Groundwater samples were collected from the existing borehole within the landfill
site. The parameters required to investigate environmental geohydrology and the
level of contamination were identified and defined.

e The groundwater samples were analysed at an accredited private commercial

laboratory.

3.2 Description of the Study Area

Figure 3.1 (page 19) indicates the location of the Onderstepoort landfill facility on the
remainder of portion 42 of the farm de Onderstepoort 300 JR, within the City of Tshwane
Municipality in the Gauteng Province, Pretoria North. The landfill facility is 6 km
southeast of the Rosslyn area and is situated at the corner of N4 Rustenburg highway
and can be accessed from the R566 road. The coordinates of the facility are latitude
(S): 25° 39.039 and longitude (E): 28° 09.429 (City of Tshwane Metropolitan Municipality
(CTMM), 2014).
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Figure 3. 1: Locality map of Onderstepoort landfill site (LEAP, 2019).

The Onderstepoort landfill site was licensed under the provision of the Environmental
Conservation Act, 1989 (Act No 73 of 1989) according to TECC (2016), and has been
in operation since its establishment in 1996. The site accommodates waste from
businesses such as shopping malls or complexes and waste produce includes
packaging boxes, paper, tins, cans, plastic bottles, and communities within the northern

suburbs of Pretoria.

The facility is classified as a G:M: B- landfill site. G means it is permitted to receive non-
hazardous waste such as nuclear, electric, medical, mining, and scheduled
pharmaceutical products. M means that it is a medium-size facility with a maximal
disposal rate of not greater than 250 tons daily, while B- means its location is in negative

climatic water balance without the potential to generate leachate Nyika et al. (2019).

According to Tshibalo (2017), the facility has no operational weighbridges to measure
guantities of waste disposed of on-site and there is no bottom liner on the site to prevent
groundwater pollution. The proposed study area is about 53 hectares in size (Figure
3.2). The site reached its 20 years lifespan and is in the process of being officially closed
(LEAP, 2019).
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Figure 3. 2: Onderstepoort landfill facility (LEAP, 2019).

3.2.1 Drainage and Topography

The Onderstepoort landfill facility falls within a quaternary catchment A23E. The
topography around the landfill site (within a 2 km radius) ranges in elevation between
1225 m and 1273 m above mean sea level. The drainage from the site is towards the
easterly and northeasterly direction of the site (City of Tshwane Metropolitan
Municipality CTMM, 2014).

3.2.2 Geology

The investigated area falls within the 2528 Pretoria 1:250 000 geology series maps (See
Figure 3.3), and this landfill facility is predominantly underlain by norites, gabbro,
magnetite gabbro, anorthosite, and pyroxenite of the Rustenburg Layered Suite of the
mafic to ultramafic Bushveld Igneous Complex (BIC). Rustenburg Layered Suite is
overlain by the younger Rayton formation and comprises four quartzite horizons
alternating with four thin beds of shale and intruded by diabase sheets (Aqua Earth
Consulting, 2015). Approximately 500 m from the site, in the western direction, the site
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is covered by Rayton quartzite, shale, and subgreywecke (Vr). There is a syenite dyke
about 4 km east of the site that passes the site from South to North (yellow linear
structure on the map) the distance was estimated from the edge of the site (TECC,
2016).
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Figure 3. 3: Onderstepoort landfill facility geology map (Aqua Earth Consulting, 2015).

3.2.3 Hydrology of the study
The water bodies closest to the site are the Apies River situated approximately 15 km
from the site and the Bon Accord Dam, which is approximately 22 km from the site

(Tshikovha Environmental and Communication Consulting TECC, 2016).

3.2.4 Climate

Pretoria has cool and cold dry winters and a humid subtropical climate with long rainy
summers. The annual average temperature is 18.7°C (Tshikovha Environmental and
Communication Consulting (TECC, 2016).Tshibalo (2017) outlined the driest cold
weather is in winter ranging from an average of 04 °C to 19 °C; and the area is too hot
in the summer season with an average temperature ranging from 18 °C to 29 °C.
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3.3 Research Methodology

A quantitative research method was carried out to investigate environmental
geohydrology focusing on the Onderstepoort landfill facility for data collection. The data
was collected from two existing boreholes and later on from three existing boreholes,

which include a newly drilled one.

3.3.1 Quality Control (QC) and Quality Assurance (QA)

The acceptance criteria for the calibration curve coefficient of determination (R2 value)
for all the parameters were obtained and were all close to number one. Linear calibration
curve ranges were not obtained for fluoride as element one and for chloride as element
number three, a linear range from 0 to 100 mg/l was obtained for sulphate as element
two. The R? value for element one was 0.9975, for element two was 0.9995 and for
element three was 0.9975. Overall, very good correlations were obtained for all
elements with R2-values ranging from 0.9975 to 1.0000 during a calibration process.

Cadmium and lead working range from 0 to 20 nug/l, magnesium, and sodium range from
0 to 50 mg/l, and copper, iron, manganese & zinc working range is between 0 to 500
ug/l.Table 3.1 shows the quality assurance parameters that were used during the
analyses, which include the working ranges, detection limits, R?-values, and % recovery

results.
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Table 3.1 Quality assurance for chemical parameters

Elements Working range Detection R? values
limits
(DL)
Fluoride N/A 0.2 0.9975
Sodium 0-50mg/L 0.03 0.9997
Magnesium 0-50 mg/L 0.04 0.9998
Chloride N/A 0.5 0.9975
Calcium 0-50 mg/L 0.05 0.9999
Manganese 0-500 mg/L 0.25 1.0000
Iron 0-500 mg/L 0.88 1.0000
Copper 0-500 mg/L 0.44 0.9999
Zinc 0-500 mg/L 0.57 1.0000
Cadmium 0-2 mg/L 0.2 0.9999
Lead 0-20 mg/L 0.11 1.0000
Nitrate N/A 0.2 0.9994
nitrogen
Sulphate 0-100 mg/L 5.0 0.9995

Table 3.2 presents electrical conductivity values ranging between 84 us/m and 2764

us/m, while the pH values ranged between 4.0 and 10. All parameters were found to

bewithin acceptable detection limits.

Table 3.2 Physical parameters working range and detection limits.

Elements Working range Detection limits (DL)
Colour n/a 5.0

Electrical conductivity 84-2764 1.0

pH 4-10 1.0

Total hardness n/a 0.29

Turbidity n/a 0.2
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3.3.2 Pilot study

On 20 August 2015, the City of Tshwane (CoT) appointed a service provider to conduct
surface and groundwater monitoring at CoT landfill facilities including the Onderstepoort
landfill site. Therefore, the groundwater monitoring conducted by CoT was regarded as

a pilot study for this research project (Aqua Earth Consulting, 2015).

The three boreholes, designated BH1, BH2, and BH3, were located at the
Onderstepoort landfill facility during the site inspection. Unfortunately, BH3 was dry and
could not be sampled but BH1 and BH2 were sampled during a pilot study. Single
samples were collected from each borehole and transported to SGS South Africa (Pty)
Ltd, SANAS accredited laboratory in Randburg for quality analysis (Aqua Earth
Consulting, 2015).

3.4 Sampling collection

On 12 August 2016, the composite samples were taken during the extended study and
transported inside a cooler box with ice to maintain a temperature of around 4°C to an
accredited laboratory at the CSIR Meiring Naude Road Campus, Pretoria for analysis.
The samples were then prepared, treated, and analysed for physical, chemical, and
microbiology parameters following standard laboratory methods before being compared
to SANS 241: 2015 and WHO (2017) water quality standards.

The CoT drilled another borehole to replace the dry BH3. The three boreholes constitute
the sample collection sites for the current study (Figure 3.4). Groundwater samples were
taken once a week during the dry period and again during the wet period to cover eight
days of sample collection spread over two months. Sampling took place on 4, 12, 18,
and 25 August 2016 (dry season) and on 28 October and 3, 18 November 2016 during
the rainy season. The first rains came in October 2016, hence samples were not
collected in September month and so sample collection was delayed until after the first

rains in August and September of 2016.
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Figure 3. 4: Map indicating sampled boreholes (Aqua Earth Consulting, 2015)

Due to financial constraints, composite samples were collected from the site into a
sterilized plastic bottle and stored in a refrigerator and prepared a day before being
transported and taken to an accredited laboratory for analysis. The samples were
collected every two consecutive weeks to generate a total of three samples each day
and reported using the dates of every second alternative week (on 12 and 25 August
for the dry season, as well as 28 October, 3 November, and 18 November representing

the wet season).

The sterilized water sampling bottles and caps were collected from the laboratory before
sampling. Plastic bottles sized 250 ml, were used to collect water samples for
microbiological analysis, and sterile 500 ml plastic bottles were used to collect water
samples for physical and chemical parameters. The sampler wore latex examination
gloves during sample collection and when handling the cooler box containing ice packs
used to store the samples after collection and during transportation to the laboratory.
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3.4.1 Groundwater collection method

The groundwater sampling began with a one-week pilot study that involved the
collection of samples from the existing two boreholes on 20 August 2015 and the
categorization of the samples according to physical, chemical, and microbiological
analysis. Minimum requirements for waste disposal by medium-size landfill sites
demand three monitoring boreholes for water monitoring purposes (Department of
Water Affairs and Forestry (DWAF, 1998). After the third borehole was drilled, an
extended study was undertaken with samples collected as described in section 3.1
(Page 23).

Sample collection involved submerging each of the sterilized water sampling bottles into
the borehole with a string tied around each bottleneck and body area and with a small
rock attached to the string at the bottom of the bottle to add weight to sink the bottle
Figure 3.5 (page 26) Tshibalo (2017).

Sample water was used to rinse each bottle three times before the final sample was
collected. Each bottle was then tightly closed with a cap and labelled, stored in the
cooler box with ice packs to maintain a low temperature before transportation to the

laboratory for further analysis.
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Figure 3.5 Sampling procedure demonstration (Tshibalo, 2017)
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3.5 Sample collection tests

Due to the high analysis costs, three groundwater samples from BH1, BH2, and BH3
were not collected every week but rather were collected on the first and last weeks of
the month. Thus, a total of nine single samples were obtained in 250 ml plastic bottles
during the wet period (4 November) and another sample was collected during the wet
period on 28 October and 18 November 2016.

After each collection, a total of twenty-seven (HPC, E coli and Total coliforms) labelled
sample bottles were transported to the accredited laboratory within 24 hours for quality
analysis. On each day of the fieldwork, three samples were collected and mixed to
produce one composite sample per borehole. Therefore, water samples were taken
during the dry period (12 & 25 August 2016), and other groundwater samples were
taken during the wet period (3 November & 18 November 2016).

The results for analyses were all compared against one another from the same borehole
in different seasons. The data were also compared across the different boreholes and
against SANS: 241, 2015 as well as World Health Organisation (2017) water quality

standards.

3.6 Types and sources of data
Primary and secondary data were considered during this study. Primary data were
collected from a field study, which included groundwater sampling from three boreholes

within the Onderstepoort landfill facility.

The chemical, microbiological and physical analytical data were obtained after
laboratory analysis of the study samples designated as BH1, BH2, and BH3 at the
landfill site. The secondary data information comprised data obtained from textbooks,

paper articles, and journals as well as other publications (Oyiboka, 2014).

3.7 Sampling analysis methods
All the collected groundwater samples were transported to the Council of Scientific
Industrial Research (CSIR) Meiring Naude Road, Pretoria laboratory for further analysis.

The analysis was carried out for physical, chemical, and microbiological analysis.
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3.8 Drinking water quality standards

The South African National Standards (SANS:241, 2015) was approved by the National
Committee of the SABS/TC 147 in March 2015. The main purpose of the national
standards is to specify contamination limits and the possibility of risk to human well-
being (SANS: 241, 2015). The World Health Organisation (WHO) water quality
standards were recommended by water quality guidelines to manage the risks of

making drinking water unsafe.

Table 3.3 (page 29) shows water quality variables and water quality standards limits.
The parameters listed are used to determine the chemical, physical, and microbiological
status of groundwater quality. Ideally, the water quality standards and guidelines are
developed to quantify the level of constituents present and are used to determine

whether water is of good quality.

Water quality guidelines indicated that pH; zinc, sodium, sulphate, and manganese were
not given a guiding value as per the WHO, (2017) water quality standards indicating that

there were no health concerns at any levels found in drinking water (WHO, 2017).
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Table 3.3 Water quality variables and water quality standards limit SANS: 241 (2015)
and WHO (2017).

Parameter Units SANS 241: 2015 WHO (2017)
Fluoride mg/l <=1.5 15
Sodium mg/l 200 200

Magnesium mg/l 70 0.01
Chloride mg/l 300 250
Calcium mg/l 150 200

Manganese mg/l 400 0.5

Iron mg/| <=2000 0.03
Copper mg/l <=2000 0.5
Zinc mg/| 5 n/a
Cadmium mg /| <=3 0.003
Lead mg/I <=10 0.01
Colour mg/I <=15 n/a
Electrical conductivity mS/m <=170 1000
Nitrate nitrogen mg/L <=12 <1
pH pH units >= 510 <=9.7 6.5-8.5
Sulphate mg/L <=500 250
Total hardness mg/L n/a 100
Turbidity NTU <=5 n/a
Escherichia coli Colony forming 0 cfu/100 ml 0 cfu/100 ml
units/100 ml
HPC Counts/ml <=1000 counts/ml n/a
Total Coliforms Colony forming <=10 cfu/100 ml <=10 cfu/100 ml
units/100 ml

3.8.1 Sampling frequency and seasonal variances

The literature review indicates that groundwater pollution at landfill sites generally
considers seasonal variation differences where most of the researchers collected
samples during various (wet and dry) seasons Chavan and Zambare (2014) studied the
leachate filtration impact on groundwater quality by gathering water samples during

September month (wet season).
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Patil and Kumar (2014) conducted a study to analyse parameters for chemical, physical
and bacteriological analyses in a laboratory within 24 hours. Other methods were used
such as a flame atomic absorption spectrophotometer and the results were compared

to those of the WHO and Bureau of Indian standards for drinking water quality.

To assess groundwater contamination Hossain et al. (2014) explained the method as
water samples were taken from a 500 ml plastic bottle after abstraction of the water by
hand pump or tube well. The samples were taken to a laboratory at a cold temperature
for analysis. All the other samples were analysed for physicochemical analysis within
48 hours.

3.9 Instrumental Methods of Analysis

3.9.1 pH and electrical conductivity parameters

The pH value of the water and wastewater is determined by electronic measurement at
25°C. The conductimetric measurement at 25°C determines the electrical conductivity
of all types of water and use by the laboratory in the range of 0.5 mS/m to 4000 mS/m
(APHA, 1992).

3.9.2 Color parameter

The platinum-cobalt method applies to determining color in the water and wastewater
from light transmission characteristics in comparison with standard solutions of known
color (APHA, 2014).

3.9.3 Turbidity parameter

Nephelometric method using HACH-2100Q turbidity meter (Hach company Loveland,
Colorado, United States of America) was used to determine the turbidity of water and
wastewater. The measurement is based on the intensity of light scattered by the sample
under the defined condition when compared to the intensity of light scattered by a
standard reference suspension under the same conditions. The higher the intensity of
the scattered light higher the turbidity (APHA, 2012).

3.9.4 Chloride, sulphate, nitrite-nitrate ions
Thermo Scientific Gallery plus discrete photometric analyzer method of analysis is

applicable for determined of the chloride, sulphate, and nitrite-nitrate parameters
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(Thermo Fisher Scientific, Waltham, Massachusetts, United States). The discrete
analysis technology is relatively new and was mostly used in clinical market and also in

industrial markets in mid year 2000.

The samples and reagents are mixed in reaction wells and or cuvettes. The method
consists of two different analysers, the system analyses the sample mixed with reagents
in a reaction cup, and then the sample were analyses in a separate optical well and cell
and other method mixes samples and reaction in the same cup that the system uses to
analyses (APHA, 2012).

3.9.5 Calcium, magnesium, cadmium, lead, manganese, magnesium, zinc, and
total hardness parameters

The Inductively coupled plasma mass spectrometry (ICP-MS) measurement of metals
under acidic conditions following digestion of total metals using MARS microwave
digestion. This method applies to the determination of calcium, magnesium, cadmium,

lead, manganese, magnesium, zinc, and total hardness parameters (APHA, 2012).

3.9.6 Escherichia coli

Escherichia coli is a member of the feacal coliform group of bacteria which yields a
positive indole reaction at 44.5°C, this method applies to the confirmation of feacal
coliforms bacteria isolated on m-FC medium colonies from the membrane that are
picked and inoculated into tubes containing tryptone water. The tubes or bottles are
incubated at 44.5°C or 1°C for 24 hours. After incubation, Kovac's reagent is added,

and the tubes producing a red layer are positive for E.coli (APHA, 2012).

3.9.7 Total coliform count

The total coliform method involves the counting of dark green colonies with a green
metallic sheen that develops within 24 hours at 35°C on an endo-type medium
containing lactose This iridescent green coating forms over the growing colonies
following the production of an acid-aldehyde complex that is a fermentation by-product
which combines with the Schiff's reagent in the m-Endo media (APHA, 2012).

32



3.9.8 Heterotrophic Plate Count (HPC)

The HPC uses the pour plate method that is performed in a biological safety cabinet.
Volumes of 1 ml of the water or ten-fold dilutions are mixed with a non-selective nutrient-
enriched agar medium. The agar plates are incubated at 35°C for 48 hours after which
all the colonies are counted. The HPC is reported per 1 ml of the original sample
(APHA,1992).

This method quantifies viable aerobic bacteria in potable water, untreated sewage, and
industrial effluents as well as the fresh or salted water surface. These bacteria do not
represent the total number of microorganisms in water but only those that form visible
colonies in nutrient media under specified culture conditions WHO (2017). The test for
the HPC is used together with total coliforms and feacal coliforms as an indication of the
sanitary quality of water and it is used to test the efficiency of water treatment processes
(1S0:8199, 2018).

3.10 Data Statistical Analysis

All chemical, microbiological and physical data obtained from laboratory analysis of the
study samples (BH1, BH2, and BH3) were subjected to analysis of variance using the
Statistica version 12 software. For intra and inter-borehole sample comparisons,
specifically, a 1-way ANOVA was used for comparing mineral composition among
borehole water samples including their physical and microbiological characteristics. All
parameters and measurements were tested at p<0.05 significance level and the Duncan

multiple range tests were used for the separation of means among treatments.

The results (pH, turbidity, electrical conductivity, colour, total hardness, E. coli, total
coliforms, HPC, and elements (CI, FI, N, Cd, Cu, Fe, Pb, Mg, Na, Ca, Mn & Zn)) are
presented in graphical representations but without errors bars and mean separation
shown because some data were missing for one of the boreholes as the water dried up

during sample collection.
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CHAPTER 4: RESULTS

This chapter consists of the results of the research study, which have been discussed
and presented. It also discusses the water sample methods used to determine the water
quality analysed during the sample testing in order to investigate environmental

geohydrology at the Onderstepoort landfill facility.

The samples were prepared, treated, and analysed for physical, chemical, and
microbiological characteristics following standard laboratory methods. The following
water quality parameters were assessed and measured to achieve the project’s
objectives:
e Physical parameters
pH, electrical conductivity (EC), total hardness (TH), turbidity and colour,
e Chemical parameters
Cadmium (Cd), calcium (Ca), chloride (Cl-), copper (Cu), fluoride (F), iron
(Fe), lead (Pb), magnesium (Mg), manganese (Mn), nitrate nitrogen, sodium
(Na) sulphate (SO4%), and zinc (Zn).

e Microbiological parameters

Escherichia coli (E. coli), total coliforms, and heterotrophic bacteria count (HPC).The
results from all boreholes in this study were compared to each other to determine the
three-dimensional and sequential profiles of water quality The comparisons of these
results were made with those of the local and international water quality standards, the

outcomes of similar studies undertaken in South Africa and other countries were done.

4.1. Physical Data and Interpretation

4.1.1 pH

The pH of the water samples was measured during both the pilot and the extended
study, and the variance was determined between the samples from the three boreholes.
The pilot study indicated that pH levels varied between 8.5 and 8.7 for water from BH1
and BH2.
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The pH levels were then measured from all three boreholes and the results for the pilot
and extended study is illustrated in Figure 4.1a (page 35). This figure indicates that the
pH values varied between 7.0 and 7.9 at BH1, between 7.6 and 8.1 at BH2, and between
7.2 and 8.1 at BH3. These pH results were acceptable when compared to SANS 241
2015 lower and upper limits (pH 5 — pH 9.7) of water quality standards.

Figure 4.1b (page 36) illustrates the pH levels obtained that varied between the upper
and lower limits (6.5 - 8.5) in comparison to the World Health Organisation water quality
standards (WHO, 2017) and shows that the pH recorded in water collected from the

different borehole sampling sites exceeded the WHO water quality standards.
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Figure 4.1a: pH concentration in water samples collected from sites BH1, BH2, and
BH3 sampling sites relative to SANS 241: 2011 upper and lower water quality
standard values.
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Figure 4.1b: pH concentration in water samples collected from sites BH1, BH2 and BH3

sampling sites relative to WHO (2017) upper and lower water quality standards values.

4.1.2 Turbidity

Water samples were not analysed for turbidity during the pilot study and so this
parameter was only measured during the extended study. Thus, Figure 4.2 (page 37)
indicates four sets of analytical results that were high between twice and nearly 60 times

greater than the SANS quality standard limit.

This was particularly evident in BH3 water which showed turbidity at least twice as high
as the turbidity in three of the four water samples from BH1 or BH2. The highest turbidity
value for water from BH3 was 291 NTU, a figure obtained just after the rainy season in
samples collected on 3 November 2016. The lowest turbidity levels were 8.9 NTU and
22 NTU measured in BH2 on 25 August 2016 and 18 November 2016.
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Figure 4.2: Turbidity concentration in water samples collected from BH1, BH2 and BH3
sampling sites.

4.1.3 Electrical Conductivity (EC)

Figure 4.3 (page 38) indicates the electrical conductivity (EC) in water samples collected
during the pilot and extended studies. The EC data from the pilot study is shown on the
far left of the figure and indicates 60 uS/m in BH1 and 103 pS/m in water collected from
BH2.

The highest EC level was measured at BH3 as 291 uS/m on 3 November 2016, but this
was reduced to 110 uS/m by 18 November 2016. The EC levels in BH2 fluctuated more
in comparison to the other two boreholes but all the EC figures measured were within
the WHO (2017) standard limit and only BH3 water exceeded the SANS 241: 2015

water standard limit.
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Figure 4.3: Electricity conductivity concentrations in water samples collected from sites
BH1, BH2 and BH3.

4.1.4 Colour

The colour parameter was not analysed during the pilot study and data are presented
in Figure 4.4 (page 39) following an analysis of water collected from the three boreholes
in 2016. Prior to the rains, the colour of the water samples was 5 mg/l, well within the
SANS 241: 2015 quality standard limit of 15 mg/I.

Trends indicated that water colour increased in samples from BH1 and BH2 following
the rains to a maximum of 14 mg/l and 7 mg/|, respectively. The colour of the water from
BH3 was consistent at 5 mg/l across the study.
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Figure 4.4: Water colour concentration in water collected from BH1, BH2 and BH3

sampling sites.

4.1.5 Total hardness data

Total hardness data from the extended study samples are graphically represented in
Figure 4.5 (page 40). The WHO (2017) standards for water hardness are 0 to 60 mg/I
(soft), 61 to 120 mg/l (moderate), 121 mg/l to 180 mg/l (hard) and >180 mg/l (very hard).

Figure 4.7 indicate that water hardness was consistently very hard prior to the rainy
season and immediately thereafter but that samples collected from BH2 on 18 Nov 2016
were relatively elevated to over 600 mg/l while the lowest hardness levels were
measured as 179 mg/l at BH1 and 131 mg/l from BH3 on 18 November 2016
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Figure 4.5: Total water hardness concentration in water samples collected from BH1,
BH2 and BH3 sampling sites.

4.2 Microbiological data and interpretation

4.2.1 Escherichia coli (E. coli)

As indicated in Figure 4.6 (page 41), the pilot study focused only on E. coli and total
coliform counts from BH1 and BH2 while the extended study involved count analysis of

E. coli, HPC and total coliform.

The highest Escherichia Coli levels measured were 4200 in borehole 01 on 18
November 2016 and borehole 01 was 400 on 04 August 2016 and 258 in borehole 02
and 10 in borehole 01 on 28 October 2016. The lowest levels were measured in BH1
and BH3 on 28 October and 04 August 2016. E. coli levels were not specified under
SANS 241: 2015 and in the WHO (2017) water quality standards.
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Figure 4.6: Escherichia coli counts in water samples collected from BH1, BH2 and BH3

sampling sites

4.2.2 Total Coliforms

Figure 4.7 (page 42) shows the highest levels of Total Coliforms between 10 000 in
borehole 03 and 70 000 in borehole 02, on 28 October 2016. Borehole 01 levels
measured 6200 on 18 November 2016.

Borehole 03, 01 levels were measured between 4000 — 4200. The lowest level of Total
Coliforms was measured in borehole 01 and borehole 03 on 28 October and 04 August
2016. The concentration level of Total Coliforms was high than acceptable limits as
compared to SANS 241: 2015 and WHO (2017) water quality standards.
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Figure 4.7: Total Coliform concentrations in water samples collected from BH1-BH3
sampling sites

4.2.3 Heterotrophic Plate Count (HPC)

The HPC parameter was not sampled during the pilot study, and it was only measured
during the extended study Figure 4.8, (page 43). The highest HPC levels measured
were 95250 on 28 October 2016 in borehole 01, and 12500 in borehole 01 on 18
November 2016.

Borehole 03 measured 19475 on 18 November 2016. The lowest level was 480
measured in borehole 03 on 04 August 2016. The HPC level was higher than acceptable
limits as compared to SANS 241: 2015 and WHO (2017) water quality standards levels

were not specified.
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Figure 4.8: Heterotrophic Plate Count concentrations in water samples collected from
BH1, BH2 and BH3 sampling sites.

4.3 Chemical data and interpretation
An overview of the results of chemical analysis in relation to SANS or WHO standard
limits reflects general trends allowing specific (groups of) chemicals to be categorized as

present in water samples at minimal, intermediate, and high levels.

Thus, the halogen chloride and fluoride ions were present at low to intermediate
concentrations, nitrate-nitrogen was low while sulphate was high while most metals were
absent or detected at a low level except for calcium (intermediate to high) and manganese

and magnesium.

4.3.1 Chloride

Figure 4.9 (page 44) demonstrates that even though the concentrations of chloride in
the water samples were well below that of the SANS 241:2015 limit, a consistently high
concentration of chloride was recorded during the pilot, as well as the extended study
from BH2 compared to BH1 and BHS3.
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BH2 was measured 101 mg/l on 20 August 2015 during the pilot study. BH3 was
measured at 29 mg/l on 12 August 2016 and 27 mg/l on 03 November 2016 during an
extended study. The lowest level was measured in borehole 03 as 27 mg/l on 03
November 2016. Borehole 03 measured 28 mg/l on 25 August 2016. The chloride levels
measured lower and within acceptable limits as compared to water quality standards in
SANS 241: 2015
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Figure 4.9: Chloride concentrations in water samples collected from at BH1, BH2

and BH3 sampling sites.

4.3.2 Fluoride

Figure 4.10 (page 45) indicates that the concentrations of fluoride in the 2016 water
samples were consistently higher compared to those in the 2015 water samples. Apart
from water samples collected on 3 November 2016, higher concentrations of fluoride

were detected in water samples collected from BH2.

The highest concentration of fluoride (0.95 mg/l) was determined in water from BH2 on
3 November 2016 followed by water collected from BH3 on the same date and from
BH2 on 18 November 2016, these two latter concentration figures were 0.89 mg/l. The

lowest fluoride level was measured as < 0.05 mg/l during the pilot study. Fluoride
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concentrations were within the acceptable limits (1.5 mg/l) as compared to SANS 241:
2015 water quality standards.
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Figure 4.10: Fluoride concentrations in water samples collected from BH1, BH2
and BH3 sampling sites.

4.3.3 Nitrate Nitrogen

Figure 4.11 (page 46) indicates the highest level of nitrate-nitrogen measured 1705 mg/I
in borehole 03 on 03 November 2016. Borehole 02 measured 1.7 mg/l on 03 November
2016 and 1.1 in borehole 03 on 18 November 2016.

The lowest level was measured between 0.20 — 0.93 mg/l in borehole 01, borehole 02,
and borehole 03 on 12 August and 25 August 2016. During the pilot study, the
parameter was not measured. The nitrate-nitrogen levels were low as compared to the
SANS 241: 2015 drinking water quality standards of 12 mg/I nitrate nitrogen. The WHO
(2017) water quality standards levels for nitrate-nitrogen were not specified.
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Figure 4.11: Nitrate nitrogen concentrations in water samples collected from BH1, BH2
and BH3 sampling sites.

4.3.4 Sulphate

During the sampling period, the concentration of sulphate in the water samples was
close to the SANS 241: 2015 aesthetic upper limit (250 mg/l). Figure 4.12 (page 47)
indicates that the highest concentration of sulphate (281 mg/l) was determined in water
collected from BH2 on 3 November 2016.

The lowest concentrations of sulphate were measured in 2015 and prior to the rainy
season in 2016. The concentration of sulphate is not specified in the list of WHO (2017)
water quality standards.
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Figure 4.12: Sulphate concentration in water samples from BH1, BH2 and

BH3 sampling sites.

4.3.5 Cadmium

The concentration of cadmium was not determined during the pilot study. Figure 4.13
(page 48) indicates that an identical concentration of cadmium (<0.02 ug/l) was
determined in each collected water sample. These results compared to the cadmium
concentration limit (3 pg/l) in both SANS 241: 2015 and WHO (2017) drinking water

quality standards.
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Figure 4.13: Cadmium concentrations in water samples collected from BH1, BH2 and
BH3 sampling sites.

4.3.6 Copper

Figure 4.14 (page 49) illustrates that the highest copper concentration (14 mg/l) was
measured in water from BH2 on 3 November 2016 and BH3 (0.94 mg/I) on 18 November
2016. The lowest copper concentrations (0.02 mg/l) were measured in BH1 and BH2
on 20 August 2015. These copper concentrations are compared to the SANS 241: 2015
and WHO (2017) acceptable limit for copper of 2 mg/I.
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Figure 4.14: Copper concentration in water samples collected from BH1, BH2 and
BH3 sampling sites.

4.3.7 Iron

The concentration of iron measured in BH1, BH2 and BH3 were within the acceptable
limits of SANS 241: 2015. Figure 4.15 (page 50) indicates that the highest concentration
of iron (257 mg/l) was measured in water from BH3 on 18 November 2016. This
compares to the concentrations of iron in BH1 (40 mg/l) and BH2 (9,7 mg/l) measured
on the same date. The lowest concentration of lead (0.05 mg/l) was measured in BH1
and BH2 on 20 August 2015 during the pilot study.
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Figure 4.15: Iron concentrations in the water samples collected from BH1, BH2 and

BH3 sampling sites.

4.3.8 Lead

The concentration of lead was not determined during the pilot study. An identical lead
concentration (0.1 mg/l) was obtained for each water sample obtained from each of the
boreholes in 2016. This is a very low concentration compared to the SANS 241: 2015

water quality standard Figure 4.16 (page 50).

Lead
2500
2000 2000 2000 2000 2000
=
> 1500
£
e}
8 1000
—
500
0,110,110,11 0,110,110,11 0,110,110,11 0,110,110,11
0
12/8/2016 25/08/2016 3/11/2016 18/11/2016
s BH1 BH2 BH3 SANS:241(2015)

Figure 4.16: Lead concentrations in water samples collected from BH1, BH2 and BH3

sampling sites.
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4.3.9 Magnesium

The level of magnesium exceeded the SANS 241: 2015 (10 mg/l) and WHO (2017) (0.1
mg/l) drinking water quality standards. Figure 4.17 (page 51) indicates that the highest
concentrations of magnesium were measured on 3 November 2016 after the rains,
particularly in water from BH2 (83 mg/l) and in BH1 (80 mg/l) and BH3 (79 mg/l). These
2016 figures are significantly higher than the magnesium concentrations noted in BH1
(38 mg/l) and BH2 (55 mg/l) in the 2015 pilot study.
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Figure 4.17: Magnesium concentrations in water samples collected from BH1, BH2

and BH3 sampling sites.

4.3.10 Sodium

Figure 4.18 (page 52) indicates a relatively low concentration of sodium ions in the water
samples collected from the three boreholes. Water from BH2 showed two to three time’s
higher concentrations of sodium compared to the sodium concentration in water from
BH1 or BH3. The lowest concentrations of sodium in water samples from BH1 and BH
3 were measured on 18 November 2016. These sodium concentration levels were
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within acceptable limits when compared to SANS 241: 2015 and WHO (2017) drinking

water quality standards.
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Figure 4.18: Sodium concentrations in water samples collected from BH1, BH2 and

BH3 sampling sites.

4.3.11 Calcium

Figure 4.19 (page 53) indicates that calcium concentrations were relatively high during
both the pilot and the extended studies but increased to nearly breaching the SANS
241: 2015 upper concentration limit of 150 mg/I. Prior to the rains, an average calcium
concentration of around 90 mg/l was noted in water samples from BH2 but this

increased to 143 mg/l in the November 2016 samples.

Apart from the water sample collection date during the extended study, a lower calcium
concentration was noted in BH3 water compared to BH1. The lowest calcium
concentrations were measured as 26 mg/l in water collected from BH3 on 18 November
2016 and for water collected from BH1 (32 mg/l) on the same date. The calcium level
was within the acceptable limits as compared to SANS 241: 2015 drinking water quality

standards.
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Figure 4.19: Calcium concentrations in water samples collected from BH1, BH2 and

BH3 sampling sites.

4.3.12 Manganese

Figure 4.20 (page 54) indicates relatively high concentrations of manganese were noted
in water samples collected from BH3 compared to water from BH1 or BH2. The highest
manganese concentration (1705 mg/l) was measured in water samples collected from
BH3 on 3 November 2016, a figure that is over four times higher than the upper SANS
241: 2015 water quality standard limit. The concentration of manganese in water
samples collected from BH1 and BH2 was all lower that the water quality standard limit
set by SANS 241: 2015.

The concentration of manganese in water samples collected from all three boreholes
on 18 November 2016 was relatively low compared to the manganese concentrations
noted in samples collected from corresponding boreholes during the extended study in
2016. The lowest concentrations of manganese were measured in BH1 and BH2 during
the pilot study.
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Figure 4.20: Manganese concentrations in water samples collected from BH1, BH2 and

BH3 sampling sites.

4.3.13 Zinc

Figure 4.21 (page 55) indicates the highest zinc concentration levels measured at 5 mg/I
in water samples collected from BH3 on 18 November. The measured zinc
concentration in all water samples collected in August 2016 and BH3 collected on 3
November 2016 were equal (0.57 mg/l). Water collected from BH1 and BH3 on 3
November 2016 measured3.0 mg/l and 0.88 mg/l respectively. The zinc concentration
was within the SANS 241: 2015 drinking water quality standard.
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Figure 4.21: Zinc concentrations in water samples collected from BH1, BH2

and BH3 sampling sites.
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CHAPTER FIVE: DISCUSSION

This chapter discusses the research findings based on the groundwater quality data
undertaken within the Onderstepoort landfill site study area. The research study focused
on analysing the data obtained from the pilot study in August 2015 and the extended
study was undertaken in August and late 2016 respectively. Table 3.3 (page 30) lists
the limits of water quality parameters that were prepared by the WHO (2017) and the
SANS 241: 2015 drinking water quality standards.

The collected water samples were transported on ice to an accredited CSIR laboratory
for water quality parameter analysis. Water samples were analysed for physical
parameters such as pH, electrical conductivity (EC), and total water hardness, for
inorganic components of groundwater including fluoride, nitrate nitrogen, chloride,
sulphate, phosphate, sodium, potassium, calcium, and magnesium. The analysed
microbiological parameters included E. coli, total coliforms, and heterotrophic plate
count (HPC).

5.1 Physical parameters

Tiwari (2015) describes the pH as an indicator of the existence of biological life in water.
For organismal survival in an aquatic environment, the pH should ideally be between
6.0 and 9.0 (DWAF, 1996). In some cases, acidic pH is influenced by metals such as
copper, zinc, or lead dissolving in the water (DWAF, 1996).

The pH of the water samples obtained during the pilot and extended study at the
Onderstepoort landfill site varied between 7.0 and 7.8 from BH1, between 7.6 and 8.1
from BH2, and between 7.2 and 8.1 from BH3 (Figures 4.1a page 35 and 4.1b page
36). The pH of the water samples analysed in this study remained within acceptable

limits as compared to water quality standards.

According to Tiwari (2015), turbidity is determined by the organic and or inorganic
constituents whereas Mathetsa (2015) reported that turbidity indicates a lack of
sufficient light that can influence the survival of aquatic organisms such as fish and
plants. The turbidity levels obtained in borehole 03 varied between 190 NTU, 183 NTU,
291 NTU, and 110 NTU on 12, 26 August 2016, and 18 November 2016 in borehole 03

as compared to the levels measured in borehole 01 and 02 Figure 4.2 (page 37). The

56



lowest turbidity levels varied between 8.9 and 22 NTU in borehole 02 on 18 and 25
August 2016. This is a cause of concern when the turbidity levels are above 5 NTU, it
reduces the efficiency of chlorine in the water. The turbidity levels were above the
acceptable limits as compared to SANS 241: 2015 water quality standards and World
Health Organisation (WHO) (2017) acceptable level limits were not specified.

The electrical conductivity (EC) represents water's ability to conduct electricity due to
the presence of dissolved ions. EC parameter measured in micro siemens per meter
(mS/m). According to DWAF (1996a), a high level of electrical conductivity in the water
is caused by pollution sources such as industrial discharges, mining, and agriculture

activities.

The electrical conductivity concentrations were recorded as 60 mS/m in borehole 01
and 103 mS/m in borehole 02. The highest level obtained in borehole 02 was 144 mS/m
on 03 November 2016, and 127 mS/m on 18 November 2016. The concentration level
of 117 mS/m was recorded on 25 August 2016. The EC concentration level on sampled
boreholes is not a concern since the results were below the acceptable limits as
compared to WHO (2017) and SANS 241: 2015 water quality standards Figure 4.3
(page 38).

The colour concentration levels varied between 14 mg/l from borehole 01 on 12 August
2016 and 7.0 mg/l from boreholes 02 and 03. The concentration level of 5.0 mg/l was
obtained on 12 August 2016 in borehole 03. The colour of the water is more vital for
most water users and the colour is preferred to be colourless. During the sampling
period, colour concentrations level is not of concern as it is below acceptable limits as
compared to SANS 241: 2015 water quality standards. The WHO (2017) acceptable

limits for colour parameters were not specified.

During the extended study, borehole 02, as shown in Figure 4.5 (page 40), the total
hardness concentration level varied between 131 mg/l and 517 mg/l. The lowest levels
obtained an average of 131 mg/l and 179 mg/l concentrations. The total hardness
parameter acceptable limits levels were not specified in WHO (2017) water quality
standards. The total hardness concentration levels were above the SANS 241: 2015
water quality standards limit.Oyiboka, (2014) emphasised the water is classified on the
basis of hardness into soft (0-75 mg/l) moderately hard (75150 mg/l) and hard (151-300
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mg/l).The presence of high calcium and magnesium in the water can reacts with soap

to form scum.

5.2 Microbiological Parameters

Mathetsa, (2015) highlighted that the microorganisms such as bacteria, viruses, and
protozoa can be found in the water and the consumption of polluted water with
microorganisms could lead to diseases such as gastro intestines, cholera, typhoid, and
salmonella. Figure 4.6 illustrates the E. coli results undertaken during the pilot and
extended studies. The E. coli concentration levels were not specified under SANS 241:
2015 and WHO (2017) water quality standards.

The high levels were measured in borehole 02(6000), borehole 01 (4200), and borehole
03 (4000). The lowest levels were in borehole 1, as compared to other boreholes. The
highest counts of bacteria observed in borehole 01 may originate from the agricultural
activities undertaken nearby the landfill site.

Total coliform counts were determined at all the sampling sites during the pilot and
extended study. The counts were higher than the acceptable limits of SANS 241: 2015
and WHO (2017) water quality standards Figure 4.7 (page 42).

The total coliforms consist of a diverse group of bacteria from the genera Escherichia
coli, Citrobacter, Enterobacter, Klebsiella, Serratia, and Rahnella DWAF (1996). The
total coliform is used to assess the general hygiene of the water quality and evaluation

of the efficiency of the drinking water treatment process DWAF (1996).

Heterotrophic Plate Counts (HPC) represent the general microbial quality of the water
(DWAF, 1996a). This is, however, to assess the general bacterial content in the water
but does not necessarily represent the total bacterial population in the water DWAF
(1996).

During sampling, the HPC was determined in all the sampling sites during extended
studies. The HPC was not measured during the pilot study. The concentration level was
higher than acceptable limits as compared to SANS 241: 2015 and WHO (2017) levels
were not specified in Figure 4.8 (page 43). The high HPC may result in acute

gastrointestinal illness.
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5.3 Chemical Parameters

The chloride concentration level during the pilot study varied between 45 mg/l in
borehole 01 and 101 mg/l in borehole 02. The lower concentration obtained during the
extended study was 0.5 mg/l in borehole 01. and the higher concentration was 105 mg/I
in borehole 02 (Figure 4.9). According to DWAF (2011), the higher concentration of
chloride in water gives water a salty taste. The chloride concentration level for the whole
sampling period was within acceptable limits as compared to WHO (2017) and SANS
241 2015 water quality standards.

The lowest concentration level of fluoride was recorded as 0.005 mg/l and the highest
level was 0.4 mg/l during the pilot study Figure 4.10 (page 45). The lowest concentration
of fluoride in the water may strengthen teeth in mammals while the high concentration
increases tooth enamel (DWAF, 1996).

Tshibalo (2017) emphasized that the possible source of fluoride within the study area
could be the geological creation of the groundwater. The fluoride concentration level
was within acceptable limits as compared to SANS 241: 2015 water quality standards.

The acceptable limits for WHO (2017) values were not specified.

The nitrate-nitrogen concentration level obtained during the extended study varied
between 0.20 mg/l and 1705 mg/l. The nitrate-nitrogen parameter was not measured
during the pilot study. The nitrate-nitrogen parameter concentration level was high as
compared to SANS 241: 2015 water quality standards. The WHO (2017) acceptable
limits were not specified Figure 4.11 (page 46).

The sulphate concentration level was high as compared to drinking water quality SANS
241: 2015. The acceptable limits for WHO (2017) water quality standards were not
specified Figure 4.12 (page 47). Sulphate contains a combination of sulphur and
oxygen. According DWAF (1996) indicate that consumption of the excess amount of
sulphate in drinking water may result in diarrhoea. Whereas Mahmood et al. (2013)
elaborate that excessive amounts of sulphate in the water can cause scale build-up in
pipes and a bitter taste to drinking water that could lead to laxative effects in livestock

and human beings.

The presence of cadmium in the water poses a serious health impact as it accumulates

in the liver and kidney tissues of mammals DWAF (1999). The concentration level of
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cadmium was 0.02mg/l in boreholes 01, 02, and 03 on 12 and 25 August 2016. Borehole
03 on 18 November 2016. The cadmium concentration levels at the sampled boreholes
are not a concern since the acceptable level limits were below as compared to SANS
241: 2015 and WHO (2017) water quality standards Figure 4.13 (page 48).

According to DWAF (1996) indicate that copper is toxic if present in the water even in
small quantities, on the other hand, high concentrations can cause gastrointestinal
discomfort which can lead to liver, kidney, and red cell damage. The copper lowest
concentration level obtained was 0.05 mg/l in boreholes 01 and 02 on 20 August 2015
during the pilot study. The highest copper concentration level was 14 mg/l in borehole
02 on 13 November 2016, 6.8 mg/l in borehole 03 on 18 November 2016, and 0.9 mg/I
in borehole 02 on 12 August 2016 during an extended study (Figure 4.14 (page 49).
The copper concentration level is within the acceptable limits as compared to SANS

241:2015 and higher concentrations were observed as compared to WHO (2017).

The iron concentration level varied from 0.05 to 297 mg/l ( Figure 4.15). The presence
of iron in water plays an important role as part of the respiratory enzymes in all
organisms and it can also form a basic component of hemoglobin in humans and
animals DWAF, (1996). The iron concentration levels are not of concern since the level
was within the acceptable limits of SANS 241: 2015. The WHO (2017) water quality

standards levels were not specified in Figure 4.15 (page 50).

The lead parameter was not sampled during the pilot study for water quality purposes.
The lead concentration levels were constant at 0.11 mg/l during the extended study in
boreholes 01, 02, and 03 on 12 August and 25 August 2016 and borehole 03 on 18
November 2016 Figure 4.16 (page 50).According to DWAF (1996) lead in lower
concentration may cause neurological impairment in the foetus and young children. The
disposal of waste materials such as batteries, paints, and plastic within the landfill site
can have an impact on the level of lead in the water. The lead parameter concentration
level was within acceptable limits as compared to SANS 241:2015. The WHO (2017)

acceptable limits were not specified.

The magnesium concentration levels during the pilot study varied from 38 mg/l to 55
mg/l. During the extended study, the magnesium concentration level varied between 17
mg/l and 83 mg/l Figure 4.17 (page 51). DWAF, (1996) highlighted that magnesium
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occurs as a mineral such as magnesium carbonate or silicate. The water with excessive
magnesium levels is exposed to high temperatures. The high level of magnesium in
water may lead to a laxative effect. The magnesium concentration level was a concern
since the level was high as compared to SANS 241:2015 and acceptable limits for WHO
(2017) water quality standards were not specified.

According to Mathetsa (2015) sodium occurred naturally in the water from geological
rock formations. Figure 4.18 (page 52) presents the concentration levels of the sodium
recorded as 60 mg/l in borehole 02 on 03 November 2016. Borehole 02 was 59 mg/l on
12 August 2016, 56 mg/l in borehole 02 on 25 August 2016 and 54 mg/l in borehole 02
on 20 August 2016 and 40 mg/l in borehole 02 on 18 November 2016.The sodium
concentration level obtained at the sampling boreholes is not of concern since the levels
are within acceptable limits as compared to SANS 241: 2015 and WHO (2017) water

quality standards.

The highest concentration level of calcium was recorded as 143 mg/l in borehole 02 on
03 and 18 November 2016. On 12 August 2016, 95 mg/l was obtained in borehole 02,
90 mg/l in borehole 02 on 18 August. Borehole 02 recorded 79 mg/l on 20 August and
53 mg/l & 52 mg/l on 12 & 18 August 2016 Figure 4.19 (page 53). The calcium is liable
for water hardness, and this could lead to a decrease in the water pipe system lifespan.

The lowest calcium concentration levels were obtained as 26 mg/l on 18 November, and
32 mg/l in borehole 01 on 18 November. Borehole 03 was measured at 45 mg/l, 46 mg/l,
and 47 mg/l on 12 and 18 August and 03 November. The calcium concentration level is
not of concern since the levels were within the acceptable limits as compared to WHO
(2017) and SANS 241: 2015 acceptable limits were not specified.

The levels of manganese concentration level were higher than acceptable limits as
compared to the acceptable limits of SANS 241: 2015 and WHO (2017) water quality
standards. The concentration level of manganese varied between 1705 mg/l in borehole
03 on 03 November 1687 mg/l in borehole 03 on 25 August 1539 in borehole 03 on 12
August, and 543 in borehole 03 on 18 November Figure 4.20 (page 54). The presence
of manganese in the water gives the beverage an unpleasant taste and is also liable for

staining plumbing fixtures.
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The zinc parameter refers to a metallic element. The presence of zinc in the water arises
from the leaching of galvanized plumbing and fittings (DWAF, 1996a). The lowest levels
of zinc were obtained in boreholes 01, 02, and 03 at 0.57 mg/l on 12 and 25 August,
borehole 01 measured 1.0 mg/l borehole 02 measured 5.0 mg/l and borehole 03 was
0.88 mg/l on the 03 November 2016 Figure 21(page 55). The zinc concentration level
was within acceptable limits as compared to SANS 241: 2015 water quality standards.

The acceptable limits for WHO (2017) water quality standards limits were not specified.

5.4 Conclusion

The physical data parameters such as pH, turbidity, electrical conductivity,color, and
total hardness were measured during the dry season. Most of the levels obtained were
lower. The highest level was obtained during the rainy season where the turbidity
parameter measured 291 mg/l presented in Figure 4.4 (page 39). Color measured a
maximum of 14 mg/| following the rainy season while total hardness was classified as

very hard prior rainy season.

The microbiological data parameter such as E coli, total coliforms, and HPC were
sampled during the dry season and rainy season. During the pilot study, the E coli
highest level measured was 400 mg/l in Figure 4.8 (page 43) and the total coliform levels
obtained between 10 000 during the rainy season and the lowest level measured during
the pilot study. The HPC parameter was measured as the highest during the rainy

season and lowest during the dry season.

The chemical data parameter such as chloride, fluoride, nitrate nitrogen, sulphate,
cadmium, iron, lead, magnesium, sodium, calcium, manganese, and zinc parameters
was measured during the dry and rainy seasons. During the pilot, study chloride was
measured at high levels during the dry and lowest during the rainy season. Sulphate
was measured at the highest level during the rainy season and the lowest during the
rainy season in 2016. Magnesium obtained the highest level during the rainy season
and the lowest levels were measured during the pilot season. Manganese levels were
extremely high during both seasons. The following parameters nitrate nitrogen,
cadmium, iron, lead, sodium, calcium, and zinc levels were measured the lowest during

both seasons.

62



CHAPTER SIX: CONCLUSION AND RECOMMENDATION

6.1 Conclusion

This last chapter of the research study summarises the main research findings to
develop conclusions. This research study aimed to assess the groundwater quality
within the Onderstepoort landfill site, using selected chemical, physical and

microbiological parameters.

In 2015, the city undertook a study to monitor the groundwater at the Onderstepoort
landfill site. The results of the pilot study were compared to the current study. The
findings of the physical parameter analysis determined that the parameters such as
colour and electrical conductivity concentration level are within WHO (2017) and SANS
241:2015 water quality standards. The pH concentration level is within the SANS water
quality standard, but a higher concentration was observed as compared to WHO (2017)
water quality standard. The pH decreased slightly since the study was undertaken in
2015.

The parameters such as turbidity concentration level were determined as high
compared to water quality standards and slightly decreased since the 2015 study. The
total hardness, turbidity, and colour parameter's acceptable limits were not specified by

the water quality standards.

The microbiological parameters were analysed to discover the level of pollution in the
water. The HPC and E Coli were not sampled during the pilot study. The findings
indicated a high level of total coliforms and E. Coli during the extended study, whereas
HPC acceptable limits were not specified in both water quality standards. The total
coliform parameters extremely increased since 2015. The presence of total coliforms,

E Coli, and HPC determined groundwater pollution by human faeces Tiwari (2015).

The chemical parameter analysis results indicated the levels of parameters within the
acceptable limits, as compared to water quality standards such as chloride, fluoride,
cadmium, calcium, lead, sodium, and zinc. The highest level was observed in
parameters such as lead, copper, sulphate, nitrate nitrogen, magnesium, and

manganese. The City, therefore, needs to continuously monitor the groundwater. The
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sulphate, copper, and iron parameters are within acceptable limits since 2015 and
slightly increased during the current study.

The aim of the research study was achieved as the groundwater quality was sampled
to assess the level of pollution at the Onderstepoort landfill site. The chemical, physical
and microbiological parameters were taken for analysis at an accredited laboratory at
CSIR, Meiring Street in Pretoria, South Africa. The test results were compared to SANS
241 (2015) and WHO (2017) drinking water quality standards.

It is, therefore, confirmed that the results obtained from this study, indicate that there is
a pollution of groundwater within the Onderstepoort landfill site. The activities that are
undertaken on-site contribute to the pollution of groundwater quality.

6.1.1 Study hypothesis

The following conclusions were made after analysing the results and discussions:
Hypothesis (HO) is accepted. The Onderstepoort landfill site water quality levels were
above the recommended levels of SANS 241:2015 and WHO (2017) water quality

standards.

6.2 Recommendations

To control and manage groundwater vulnerability to pollution through landfill activities,
there is a need for appropriate planning, design, and construction of landfill sites. The
Onderstepoort landfill site is currently in the process of being closed. A proper closure
plan should be developed and continuous monitoring of the groundwater quality within

the site should be executed.

According to the permit condition of the Onderstepoort landfill site, groundwater
monitoring should continue for a period of 30 years after the decommissioning of the
site. According to Aljaradin and Persson, 2015 to minimize groundwater pollution within
the landfill site, the municipality must properly design and install a leachate control

system.

It is a requirement that the landfill sites be operated within the measures in place, to
avoid pollution of groundwater or surface water quality. It is also important to establish

a surface drainage system in the landfill site to limit the infiltration of the water through
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the landfill body. The closure and rehabilitation plan should be developed to ensure
proper closure of the site and continuous monitoring of the groundwater should take

place to monitor groundwater quality over time, and even after the closure of the landfill
site.

65



REFERENCES

Adeolu, A., Ada, O., Gbenga, A. and Adebayo, O. (2011) ‘Assessment of groundwater
contamination by leachate near a municipal solid waste landfill’, African Journal of
Environmental Science and Technology, 5(11), pp. 933-940. DOI:
10.5897/AJEST11.272.

Akinbile, C. O. and Yusoff., M. S. (2011) ‘Environmental Impact of Leachate Pollution
on Groundwater Supplies in Akure, Nigeria’, International Journal of Environmental
Science and Development, 2(1), pp. 81-86. doi: 10.7763/ijesd.2011.v2.101.

Albek, E. (1999). "Identification of the different sources of chlorides in streams by
regression analysis using chloride—discharge relationships". Water Environment
Research, 71(7), 1310-1319. Accessed at: https://www.jstor.org>stable/25045322.
Aljaradin, M. and Persson, K. M. (2015) ‘Environmental Impact of Municipal Solid Waste
Landfills in Semi-Arid Climates - Case Study — Jordan’, (1), pp. 28-37.

Anilkumar, A., Sukumaran, D. and Vincent, S. (2015) ‘Effect of Municipal Solid Waste
Leachate on Ground Water Quality of Thiruvananthapuram District, Kerala, India’,
(December). doi: 10.12691/aees-3-5-5.

Anza, N. (2018) ‘An evaluation of strategic management of landfill sites: A case study

of Thohoyandou block J landfill site, Vhambe district municipality, Limpopo Province.

APHA(1992) standard method for the examination of water and wastewater 18" edition.
American Public Health Association, American water works, Association Water
Environment Federation. Published by the American Public Health Association,
Washington DC, USA

APHA (2012) standard method for the examination of water and wastewater 22"
edition, American Public Health Association, American Waterworks, Association Water
Environment Federation. Published by the American Public Health Association
Washington DC, USA.

Aqua Earth Consulting (2015) ‘CITY OF TSHWANE. Surface and Groundwater
Monitoring at City of Tshwane Surface and Groundwater Monitoring.Report reference
number: AEC0281-004/01/08/2015/1.0

Bhavika, S., Bhawana, P.and Divya. P., (2014), Analysis of Physico-Chemical

66



characteristics of groundwater. Indian J.Sci.Res 9 (1): pp 154 - 157

Chavan, B. L., and Zambare, N. S. (2014) ‘Ground Water Quality Assessment Near
Municipal Solid Waste Dumping Site, Solapur, Maharashtra, India’, International Journal

of Research in Applied, Natural and Social Sciences, 2(11), pp. 2321-8851.

CTMM (City of Tshwane Metropolitan Municipality) (2014) Integrated Waste
Management Plan. Report reference number: E02.CPT.000263.

Department of Environmental Affairs (DEA). (2011). National waste management
strategy, implementation program draft starter document -draft 18- reference document
for IWMP.

Department of Environmental Affairs (DEA). (2012). National waste management

strategy (NWMS), Department of Environmental Affairs, Pretoria

Department of Water Affairs and Forestry (DWAF). (1998). Waste management series:

Minimum requirements for waste disposal by landfill. Pretoria: DWAF.

Department of Water Affairs and Forestry (DWAF). (1996). South African water quality

guidelines: Volume 1 domestic use. Pretoria: DWAF.

Department of Water Affairs and Forestry (DWAF) (1996a). South African Water Quality
Guidelines Volume 7: Aquatic ecosystems, second edition

Dohare, D., Deshpande, S. and Kotiya, A. (2014) ‘Analysis of Ground Water Quality
Parameters: A Review www.isca.me’, Research Journal of Engineering Sciences ISSN
Res. J. Engineering Sci, 3(5), pp. 2278-9472.

Hider R.C., Kong X. (2013) Iron: Effect of Overload and Deficiency. In: Sigel A., Sigel
H., Sigel R. (eds) Interrelations between Essential Metal lons and Human Diseases.
Metal lons in Life Sciences, vol 13. Springer, Dordrecht. https://doi.org/10.1007/978-94-
007-7500-8_8

ISO 8199:2018, Water quality general guidance on the enumeration of microorganisms

by culture 3" edition

Kwame, T., Francis, B. and Akoto, O. (2019) ‘Heavy metal contamination assessment
of groundwater quality : a case study of Oti landfill site, Kumasi’, Applied Water Science.
Springer International Publishing, 9(2), pp. 1-15. doi: 10.1007/s13201-019-0915-y.

67



LEAP (Landscape Architect Environmental Planner)(2019).Landfill Rehabilitation,
Management, and Monitoring Plan.

Longe, E. O., and Balogun, M. R. (2010) ‘Groundwater Quality Assessment near a

Municipal Landfill, Lagos, Nigeria’, 2(1), pp. 39-44.

Magombeyi, M. S. and Nyengera, R. (2012) ‘The impact of municipal landfill on the

surface and groundwater quality in Bulawayo, Zimbabwe, 1(November), pp. 251-258.

Mahmood, K., Batool, S., Rana, A., Tarigq, S., Ali, Z. and Chaudhry M. (2013).
‘Assessment of leachate effects to the drinking water supply units in the down slope
regions of municipal solid waste (MSW) dumping sites in Lahore Pakistan’, International
Journal of Physical Sciences, 8(28), pp. 1470-1480. doi: 10.5897/1JPS2013.3927.

Mathetsa, S.M. (2015). Assessing Water Quality Status by means of Driver- Pressure
State-Impact-Response (DPSIR) model around Mapungubwe National Park, Limpopo
Province, South Africa. MSc, UNISA

Mudau (2012) A laboratory investigation of the effects of water content and waste
composition on leachate and gas generation from simulated MSW. University of South
Africa (UNISA).

Muhammad, A., Zhonghua T, Dawood, A. and Earl, B. (2015) ‘Evaluation of local
groundwater vulnerability based on DRASTIC index method in Lahore, Pakistan’,
Geofisica Internacional. Universidad Nacional Autbnoma de México, 54(1), pp. 67-81.
doi: 10.1016/.9i.2015.04.003.

Nevondo, V. and Malehase, T. (2019) ‘Leachate seepage from landfill: a source of

groundwater mercury contamination in South Africa’, 45(2), pp. 225-231.

Njoku, P. O. and Edokpayi, J. N. (2019) ‘Health and Environmental Risks of Residents
Living Close to a Landfill: A Case Study of Thohoyandou Landfill, Limpopo Province,
South Africa’, pp. 10-12.

Nkosi, N.,Mzenda, E.,Zvimba, J., Pilusa, J.(2013). The current waste generation and
management in South Africa: Revere.International Conference on integrated waste
management green energy engineering (ICIWMGEE 2013) April 15- 16 2013
Johannesburg (South Africa).

Nyika, J. Onyari, E., Dinka, M. and Mishra S. (2019). Heavy Metal Pollution and Mobility

68



in Soils within a Landfill Vicinity: A South African Case Study. Orient J Chem 2019;35(4).
Available from: https://bit.ly/2PiVzDB

Oyelami, A. C., Aladejana, J. A. and Agbede, O. O. (2013) ‘Assessment of the Impact
of Open Waste Dumpsites on Groundwater Quality: A Case Study of the Onibu-Eja
Dumpsite, Southwestern Nigeria’, Procedia Earth and Planetary Science. Elsevier B.V.,
7, pp. 648-651. doi: 10.1016/j.proeps.2013.03.168.

Oyiboka, 1. J. (2014) ‘Effects of landfill sites on groundwater quality in Igando, Alimosho

local government area, Lagos State's, (March).

Patil, N. S., & Kumar, V. (2014) Solid Waste Management and Impact of Landfill
Leachate on Groundwater in Hassan City, Karnataka. In International Journal of
Engineering Research and Technology (Vol. 3, No. 6 (June-2014)). ESRSA

Publications.

Prasanth, S., Magesh, N., Jitheshlal, K., Chandrasekar, N. and Gangadhar, K. (2012)
‘Evaluation of groundwater quality and its suitability for drinking and agricultural use in
the coastal stretch of Alappuzha District, Kerala, India’. Applied Water Science, 2, 165—
175. doi: 10.1007/s13201-012-0042-5.

Price, R. and Wildeboer, D. (2017). E. coli as an Indicator of contamination and health
risk in environmental water in Escherichia coli - Recent Advances on Physiology,
Pathogenesis, and Biotechnological Applications. Accessed at:
http://lwww.intechopen.com/books/-i-escherichia-coli-i-recent-advances-on-physiology-
pathogenesis-and-biotechnological-applications.

Raghab, S., Meguid, A. and Hegazi, H. (2013) ‘“Treatment of leachate from municipal
solid waste landfill’, HBRC Journal. Housing and Building National Research Center,
9(2), pp. 187-192. DOI: 10.1016/j.hbrcj.2013.05.007.

Republic of South Africa (RSA) (1989) Environmental Conservation Act No 1989. South

Africa
Republic of South Africa (RSA) (1998) National Water Act no 36 of 1998. South Africa

Republic of South Africa (RSA) (1998) National Environmental Management Act no 107
of 1998. South Africa.

Republic of South Africa (RSA) (1996) Constitution of South Africa Act no 104 of 1996.

69


https://bit.ly/2PiVzDB

South Africa

Republic of South Africa (2009) National Environmental Management: Waste Act no 59
of 2008. South Africa.

SACN (South Africa Cities Network) (2014) State of Waste Management in Cities —

Phase 2: Modelling the effects of landfilling as a disposal method.

Sullivan, P., Agardy, F. and Clark, J. (2005). "The Environmental Science of Drinking
Water". Accessed at https://doi.org/10.1016/B978-0-7506-7876-6.X5001-5.
TECC, Tshijovha Environmental and Communication Consulting (2016) Onderstepoort

End Use for the closure of Onderstepoort landfill site Report.
Tiwari, S. (2015) ‘Water Quality Parameters — A Review’, pp. 319-324.

Tshibalo, R. (2017) ‘Assessment of municipal solid waste leachate of solid waste
leachate pollution on soil and groundwater system at Onderstepoort landfill site in

Pretoria’. An MSc dissertation was presented to the University of South Africa.

Ward, M.H. (2009). Too much of a good thing? Nitrate from Nitrogen Fertilizers.
Accessed at: https://www.ncbi.nlm.nih.govypmc.

World Health Organisation,WHO (2003). Heterotrophic Plate Counts and Drinking-
water Safety. WHO Collaborating Centre for Drinking Water Safety and Treatment,
Geneva, Switzerland. Published by IWA Publishing, Alliance House, 12 Caxton Street,
London SW1H 0QS, UK. ISBN: 1 84339 025 6 (IWA Publishing) and ISBN: 92 4 156226
9 (WHO).

World Health Organisation, WHO (2004). Copper in drinking-water. Geneva,

Switzerland. Acessed at https://www.who.int > dwq > chemicals » copper

World Health Organisation (2017). Guidelines for drinking-water quality, 4th edition,
ISBN: 978-92-4-154995-0. Accessed at https://www.who.int/water_sanitation_health/

publications/drinking-water-quality guidelines-4-including-1st-addendum/en/

70



LIST OF APPENDICES

Appendix A: Ethical Clearance

universty
of gounh africa

UNISA

CAES RESEARCH ETHICS REVIEW COMMITTEE
Date: 10/11/2014

Bef #: 2014/ CAES,/ 155
Mame of applicant: Mr DR Mapholo

Student #: 45424799
Dear Mr Mapholo,

Decision: Ethics Approval

Proposal: Environmental gechydrological investigation: Focusing on Townlands landfill site
In Rustenburyg, South Africa

Supervisor: Mr & Mulaudzi

Qualification: Postgraduate degree

Thank you for the application for research ethics clearance by the CAES Research Ethics
Review Committee for the abowve mentioned research. Final approval is granted for the
duration of the project.

Please consider point 4 below for further action,

The application was reviewed in compliance with the Unisa Policy on Research Ethics by the
CAES Research Ethics Review Committee on 06 Movember 2014,

The praposed research may now commence wilth he proviso that!

1} The researcherys will ensure that the research project adheres to the values and
principles expressed in the UNISA Policy on Research Ethics.

2) Any adverse circumstance arising in the undertaking of the research project that is
refevant to the ethicality of the study, as well as changes in the methodology, should
be communicated in writing to the CAES Research Ethics Review Committee. An
amended application could be requested if there are substantial cﬁangeé from the
existing proposal, especially If those changes affect any of the study-related risks for
the research participants.

3) The researcher will ensure that the research project adheres to any applicable

Lirsszrmty al South Africa
cifmreuk Rdge. City of Tshwane
oo 44§ S, D003 South Afnca
F101 Forsnile +27 12 429 4150

s LNl ac 7a

Pralier Sippar
i

Tefephomne: +2T |2 425
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national legisfation, professional codes of conduct, institutional guidelines and
seientific standards relevant to the specific field of study.

4) The approval is based on the understanding that the municipality will do the drilling
aof the boreholes as part of their daily tasks, and that it would have been done
irrespective of the researcher’s project. The researcher must clarify whether this

assumption is correct in 8 memorandum to the Commitiee,

Naote:

The reference number ftop fight corner of this communiqué] shauld be cleany indicated an
all forms of communication [e.q. Wehmail, E-mail messages, letters] with the intended
research participants, as well as with the CAES RERC.

Kind regards,

Signature Signature
CAES RERC Chair: Prof EL Kempen CAES Executive Dean: Prof M) Linington

gﬁ‘ﬁﬁwk,

Ureversity of South Africa

~““approval template 2014

Profar Sireel Muklenpuk Radige City of Tabwaars

POy Bow T USR03 Soath Adnica

Telephwre: +27 12 409 3111 Facsrnils: +27 12 429 4150
WOV LITIRA B EA
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Appendix B: City of Tshwane approval letter

( Office of the Deputy City Manager
' Governance and Support Services

CITY OF ——
20™ Floer Isivuno House | 243 Liln Ngoys Screet | Pretorts | ooo
" R : oi2 LEXPY an: 28B4
GNITING EXCELLENCE 2, 2 ; i ishswinegorza | wwwEscebsakoom/CityOF Tabmwane
My raf. Resaarch Pamission Tel: 012 358 4559
Contact persco: Paarl Mapanya Emait Peadldap3fitshwane gov.za
Section/Una: ntegrated Research Services Date 09 November 2016

Re: Ms.Dineo R Mapholo
PO Box 71012
Die Wilgers
0014

Dear Ms. D Mapholo,

RE: Approval to Conduct Research within the City of Tshwane Metropolitan

| have the pleasure to inform you that your request to conduct research on the topic
Environmental geo-hydrological investigation: focusing on City of Tshwane
landfill site in Pretoria, South Africa” has been reviewed and permission is hereby
granted for you to conduct research in the City of Tshwane Metropolitan Municipality.

It is noted that your research is aiming to understand the underlying geo-hydrological
surrounding and assess the potential impacts of landfill site on ground water within the
vicinity of the landfill site and to ensure compliance with National Water Act. In addition,
please be informed that as a researcher you are required to sign the Confidentiality
Agreement Form with the City prior to conducting research. Research and Innovation
Department will be facilitating the whole process; therefore communication should be
directed to this department.

Once you complete your research in the City, you will be requested to present your
findings and submit the final report/copy of your dissertation.

Yours faithfully

~Z7
/4./-’//
Frans Boshielo (Mr)
Deputy City Manager
Governance and Support Services

Office of the Deputy City Mamager
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Appendix C: Language editing letter

THOTHI

WRITING AND EDITING SOLUTIONS

Registration Number:2018/1578658/07

19 Felica Street, Karenpark .0118 Cel No: 082 -439- 3521

Certificate

This serves to certify

that:

MAPHOLO DINEO RANGWATO

Has written a Dissertation titled:

Environmental Geo-hydrological Investigation: The case of Onderspoort landfill site,

As a requirement for

MASTERS DEGREE

at the

College of Agriculture and Environmental Science (UNISA)

She has requested the editorial services of Thothi Writing and Editing Solutions (Pty)
Ltd to edit this document, which has been edited to the standard required by an
institution of Higher Learning. The company confirms that the content has not been
tampered with and guarantees that the standard of English Language in the document
as acceptable.
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Appendix D: Statistician Letter

LEFEZ EDNTORIAL SERVICES
Flar 101 Zefhushof

620 Park Streef

Arcadia

E-mml: starshelpé&mzmail com
Date: 26 July 2022

This is te certify thar I have statistically analysed dara for the following postgraduate
{MSc ) candidate:

Surname and Name: Mapholo Dineo Rangwato

Title: ENVIRONMENTAL GEOHYDROLOGICAL INVESTIGATION:
FOCUSING ONM THE ONDERSTEPOORT LANDFILL SITE, GAUTENG,
SOUTH AFRICA.

Dr. 5. Sargn
Acting Director
Lefez Edotinial Services
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Appendix E: Turn it in Report

Turnitin Originality Report
MSc Environmental Management dissertation by Dr Mapholo

From DES 2022 (DES 2022)

e Processed on 02-Aug-2022 11:01 SAST
e |D: 1878037208
e Word Count: 19067

Similarity Index
27%
Similarity by Source
Internet Sources:
24%
Publications:
13%
Student Papers:
14%
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Appendix F: Physical and chemical laboratory results

CSIR: Implementation Unit

P.0.Box 395, Pretoria

Building 10, Room A048

Meiring Naude Road, Brummeria, Pretoria
VAT NO: 4470114283

our future through science

Tel (+27) 012 841 4145 Inorganic Laboratory- Pretoria
Fax +27) 012 841 4653/3691 . pr .
Email ;ﬂGo)venderK\rkpalnck@csir,co za Certlflcate Of Ana IySIS
Report NO:  |-2016-17859 Sample Description: Composite Borehole
Customer.  Dineo Mapholo
Address: No.25 Grenadine1131 Libenas Avenue No of Samples 3 Sample Condition:  Room Temperature
Equestria Pretoria Date Received: 12-Aug-2016 Date Completed:  30-Aug-2016
Phone: 0721202678
Contact Dineo Mapholo  (dineomapholo@gmail com)
Lab No 1-16-142869 1-16-142870 1-16-142871
Sample ID Onderstepoort Onderstepoort Onderstepoort
Composite Composite Composite
Analysis Unit Method Borehole 114:45  Borehole 2 14:49  Borshole 3 14:40
Cadmium pg/L Cd CMP 33 <020 <020 <020
Calcium mg/l Ca CMP 33 53 95 47
Chloride mg/l ClI CMP 27 A 52 106 29
Colour mg/l Pt CMP12A <50 <50 <50
Copper pg/L Cu CMP 33 <0.44 071 <0.44
Electrical Conductivity mS/m [25°C] CMP 31 645 86.0 585
Fluoride mgll F CMP 2T A 022 0.70 0.20
Iron pg/L Fe CMP 33 50 22 <088
Lead pg/L Pb CMP 33 <011 <011 <0.11
Magnesium mg/l Mg CMP 33 70 68 72
Manganese pg/L Mn CMP 33 182 124 1539
Nitrate Nitrogen mg/l N CMP 2T A 0.25 <0.20 <0.20
pH pH units [25°C] CMP 31 779 711 7.75
Sodium mg/l Na CMP 33 23 59 17
Sulphate mgfl S04 CMP 27T A 72 184 29
Total Hardness mg/l CMP 4 421 57 414
Turbidity NTU CMP13A 109 109 190
Zinc as Zn pg/ll Zn CMP 33 <0.57 <057 <0.57

This report relates only to the samples actually supplied to and tested at CSIR, Implementation Unit. The laboratory does not accept responsibility from any matters arising from the further
use of these results. This certificate shall not be reproduced, except in full, without the written permission of the laboratory manager. No reference may be made to the CSIR or any of its
operating units or employees in adverfisements or for sale or publicity purposes without the CSIR's approval. All work is underiaken according to the CSIR General Contract Conditions for
Routine Testing. Samples are discarded after 30 days from issue date of certificate. Analytical records are discarded after 3 years.

e [ b

J. Dikobe - Technical Signatory A M Bester - Technical Signatory

A copy of the original of this certificate is available from the CSIR on request. This certificate is issued without any alteration or erasure. Date Printed  30-Aug-2016
Page 1 of 1
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CSIR: Implementation Unit

P.0.Box 395, Pretoria

Building 10, Room A048

Meiring Naude Road, Brummeria, Pretoria
VAT NO: 4470114283

CSIR

our future through science

Tel (+27) 012 841 4145 Inorganic Laboratory- Pretoria
Fax (+27) 012 841 4653/3691 g .
Email MGovenderKirkpatrick@csir.co.za Certlflcate Of An a|y5IS
Report NO:  1-2018-17936 Sample Description: ~ Water Bample
Customer:  Dineo Mapholo No_of Samples 3
Address No.25 Grenadine1131 Libenas Avenue Sample Condition: Room Temperature
Equestria Pretona Sample |dentificaion:  Water Sample in 1L and 500ml Plastic Botile

Contact: Dineo Mapholo

Phone: 0721202678 Eax
Order No: Date Recsived: 25-Aug-2016 Date Completed: 13-5ep-2016
Lab No 1-16-143571 1-16-143572 1-16-143573
Sample ID Onderstepoort Onderstepoort Onderstepoort
Uncertainty Borehole 1 10:15  Borehole 210:35  Borehole 3 10:25
Analysis Unit DL ] Specification™| 25108116 25/08/16 2508186
Cadmium(CMP 33) pglL Cd 02 6.36 <=3 <0.20 <0.20 <0.20
Calcium{CMP 33} mg/l Ca 0.05 547 52 G0 45
Chloride(CMP 27 A) mgl CI 05 6.88 <=300 51 105 28
Colour(CMP 12 A} mgil Pt 5 15.91 <=15 <5.0 <50 <50
Copper(CMP 33) pg/L Cu 0.44 49 <=2000 <0.44 <0.44 <0.44
Electrical Conductivity *(CMP 31) mS/im [25°C] 1 402 <=170 858 17 775
Fluoride(CMP 27 A) mgl F 02 13.15 <=15 026 077 <0.20
Iron(CMP 33) uolL Fe 088 894 <=2000 <0.88 52 <0.88
Lead(CMP 33) pgll Pb 0.1 12.48 =10 <0.11 0.1 <0.11
Magnesium(CMF 33) mgil Mg 0.04 716 72 B4 72
Manganese(CMP 33) pg/L Mn 025 623 <=400 202 247 1687
Nitrate Nitrogen{CMP 27 A) mgl N 02 947 ==11 <020 046 <020
PHICMP 31) pH units [25°C] 1 014 >=5fo<=97 798 7.80 729
Sodium(CMP 33) mgll Na 0.03 829 <=200 24 56 17
Sulphate(CMP 27 A) mgll 504 5 796 <=500 8.0 170 2
Total Hardness(CMP 4) mail 029 426 488 409
Turbidity(CMP 13 A) NTU 02 459 <=5 70 2 183
Zinc as Zn{CMP 33) pgiL Zn 057 1152 =<=5000 <057 <057 <057
Escherichia coli(MMP 8) count per 100mi 21 Not detected <1 500 <1
HPCMMP 1) count per 1ml 17 <=1000 4350 8550 850
Total Coliforms(MMP 2) count per 100ml 1 <=10 <1 500 <

This report relates only to the samples actually supplied to CSIR Implementafion Unit. The operation unit does not accept responsibility for any matters arising from the
further use of these results. This cerfificate shall not be reproduced, except in full, without the written approval of the Laboratory Manager. No reference may be made to the
CSIR or any of its operation units or officers in adverisements or for sale or publicity purposes without the CSIR's prior approval. All work is undertaken according to the
CSIR general conditions of coniract. Samples may be discarded two weeks from the issue daie of this cerlificate so please nolify us within this time if you have any
comments or queries about this certificate or results.

Remarks: * This is not SANAS aocredled and is not included in the SANAS Schedule of accreditation for this laboratory. ** - SANS 241-1:2015 STANDARD  # Subcontracted Analzsis
'd
LY O oy D
) = j . l’“ s rede
L . 1 'J
J. Dikobe - Technical Signatory A M Bester - Technical Signatory Prudence Maroga - Technical Signafory
A copy of the original of this certificate is available from the CSIR on request. This certificate is issued without any alteration or erasure. Date Printed 13-Sep-2016

Page 10of 1
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. O™ CSIR: Implementation Unit
Sa n a S P.0.Box 395, Pretoria
= . Building 10, Room A048

Tesling Labororiony
Meiring Naude Road, Brummeria, Pretoria

Toooz VAT NO: 4470114283
our future through science

Tel (+27) 012 841 4145 Inorganic Laboratory- Pretoria

Fax +27) 012 841 4653/3691

Email iﬂGo)venderKirkpatrlck@csu co.za Certificate Of Ana IySiS
Report NO:  1-2016-18318 Sample Description: ~ Ground Water
Customer:  Dineo Mapholo No. of Samples 3
Address No.25 Grenadine1131 Libenas Avenue Sample Condition: Room Temperature

Equestria Pretoria Sample Identification: ~ Water Samples in 1L Plastic Bottles

Contact: Dineo Mapholo

Phone: 0721202678 Fax:

Order No:  Paid EFT Date Received 03-Nov-2016 Date Completed: 17-Nov-2016

Lab No 1-16-146621 1-16-146622 1-16-146623
Sample ID Borehole 1 Borehole 2 Borehole 3
Composite Composite Composite

Analysis Unit DL Specification™] Onderstepoort Onderstepoort Onderslepoort
Cadmium(CMP 33) pg/L Cd 02 <=3 <020 <020 <020
Calcium(CMP 33) mg/l Ca 0.05 49 143 46
Chloride(CMP 27 A) mg/l CI 05 <=300 51 147 27
Colour(CMP 12 A) mg/l Pt 5 <=15 6.0 70 50
Copper(CMP 33) pg/lL Cu 044 <=2000 <0.44 14 <044
Electrical Conductivity(CMP 31) mS/m [25°C] 1 <=170 815 144 727
Fluoride(CMP 27 A) mg/l F 02 <=15 0.26 0.95 025
Iron(CMP 33) pglL Fe 0.88 <=2000 17 40 <0.88
Lead(CMP 33) ug/L Pb 011 <=10 <011 <011 <011
Magnesium(CMP 33) mg/l Mg 0.04 80 83 79
Manganese(CMP 33) pg/l Mn 025 <=400 289 19 1705
Nitrate Nitrogen(CMP 27 A) mg/l N 0.2 <=1 027 1.1 032
pH(CMP 31) pH units [25°C] 1 >=Hto<=97 7.90 8.18 8.19
Sodium(CMP 33) mg/l Na 0.03 <=200 26 60 18
Sulphate(CMP 27 A) mg/l S04 5 <=500 17 281 12
Total Hardness(CMP 4) mgll 029 452 699 440
Turbidity(CMP 13 A) NTU 0.2 <=h 78 142 291
Zinc as Zn(CMP 33) polL Zn 0.57 <=5000 30 <0.57 0.66

This report relates only to the samples actually supplied to CSIR Implementaton Unit. The operation unit does not accept responsibility for any matters arising from the
further use of these results. This certificate shall not be reproduced, except in full, without the wntten approval of the Laboratory Manager. No reference may be made fo the
CSIR or any of its operation units or officers in advertisements or for sale or publicity purposes without the CSIR's prior approval. All work is undertaken according to the
CSIR general conditions of contract Samples may be discarded two weeks from the issue date of this certificate so please notify us within this time if you have any
comments or queries about this certificate or results.

- SANS 241-1 :2_015 STANDARD # Subconfracted Analysis

J. Dikabe - Technical Signatory

A copy of the original of this certificate is available from the CSIR on request. This certificate is issued without any alteration or erasure. Date Printed 17-Nov-2016
Page 1of 1
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our future through science

CSIR: Implementation Unit
P.0.Box 395, Pretoria
Building 10, Room A048

Meiring Naude Road, Brummeria, Pretoria

VAT NO: 4470114283

Tel (+27) 012 841 4145 Inorganic Laboratory- Pretoria
Fax +27) 012 841 4653/3691 . .
Email ;AGn)venderKirkpatrick@csir,co za Certlflcate Of Analys IS
Report NO:  1-2016-18386 Sample Description: Ground Water
Customer:  Dineo Mapholo
Address: No.25 Grenadine1131 Libenas Avenue No of Samples 3 Sample Condiion:  Room Temperature
Fquestria Pretoria Date Received: 18-Nov-2016 Date Completed:  29-Nov-2016
Phone: 0721202678
Contact: Dineo Mapholo  (dineomapholo@gmail com)
Lab No 1-16-147113 1-16-147114 1-16-147115
Sample ID Borehole 1 Borehole 2 Borehole 3
Composite Composite Composite
Analysis Unit Method Onderstepoort Onderstepoort Onderstepoort
Cadmium pg/L Cd CMP 33 <0.20 <0.20 <0.20
Calcium mg/l Ca CMP 33 32 143 26
Chloride mg/l Cl CMP 27 A 28 88 28
Colour mgfl Pt CMP 12 A 14 70 <50
Copper pg/ll Cu CMP 33 42 6.8 0.94
Electrical Conductivity mS/m [25°C] CMP 31 442 127 339
Fluoride mg/l F CMP 27 A 0.31 089 025
Iron pg/L Fe CMP 33 40 97 257
Lead pgil Pb CMP 33 <01 <011 <011
Magnesium mg/l Mg CMP 33 24 64 17
Manganese pg/L Mn CMP 33 77 16 H43
Nitrate Nitrogen mg/l N CMP 27 A 093 0.31 11
pH pH units [25°C] CMP 31 7.0 768 761
Sodium mg/l Na CMP 33 96 40 100
Sulphate mg/l SO4 CMP 27 A 50 197 29
Total Hardness mg/l CMP 4 179 621 135
Turbidity NTU CMP 13 A 54 89 110
Zinc as Zn pg/ll Zn CMP 33 1.0 50 0.88

This report relates only to the samples actually supplied to and tested at CSIR, Implementaion Unit The laboratory does not accept responsibility from any matters arising from the further
use of these resulis. This ceriificale shall not be reproduced, except in full, without the written permission of the laboratory manager. No reference may be made to the CSIR or any of its
operating units or employees in adverfisements or for sale or publicity purposes without the CSIR's approval. All work is undertaken according to the CSIR General Confract Conditions for
Routine Testing. Samples are discarded after 30 days from issue date of cerfificate. Analytical records are discarded after 3 years.

J. Dikobe - Technical Signatory

29-Nov-2016
Page 1 of 1

A copy of the original of this certificate is available from the CSIR on request. This certificate is issued without any alteration or erasure. Date Printed
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Appendix G: Microbiological laboratory results

CSIR

our future through science

Tel (+27) 012 841 4145
Fax (+27) 012 841 4653/3691
Email MGovenderKirkpatrick@csir.co.za

Certificate Of Analysis

CSIR: Implementation Unit

P.0.Box 395, Pretoria

Building 10

Meiring Naude Road, Brummeria, Pretoria
VAT NO: 4470114283

Microbiology Laboratory - Pretoria

Report NO:  M-2016-02402
Customer:  Dineo Mapholo

Sample Description:  Water

Address: No.25 Grenadine1131 Libenas Avenue No of Samples 3 Sample Gondition:  Gold
Equestria Pretoria Date Received: 04-Aug-2016 Date Completed:  10-Aug-16
Phone: 0721202678 Fax:
Contact: Dineo Mapholo  (dineomapholo@gmail.com)
OrderNo:  EFT
Analysis Escherichia coli HPC Total Coliforms
Unit count per 100ml count per Tml count per 100ml
Method MMP 8 MMP 1 MMP 2
Sample |dentification
M-16-07007 Borehole 1 400 6000 4000
M-16-07008 Borehole 2 <1 2250 2600
M-16-07009 Borehole 3 <1 480 <1

This report relates only to the samples actually supplied to and tested at CSIR, Implementation Unit. The laboratory does not accept responsibility from any matters arising from the further
use of these results. This cerlificate shall not be reproduced, except in full, without the written permission of the laboratory manager. No reference may be made to the CSIR or any of its
operating units or employees in adverfisements or for sale or publicity purposes without the CSIR's approval. All work is undertaken according fo the CSIR General Confract Condifions for
Routine Testing. Samples are discarded after 30 days from issue date of certificate. Analytical records are discarded after 3 years.

<1 cfuis defined as Not Detected

Weiald

Tshidi Setati - Technical Signatory

Prudence Maroga - Technical Signatory

A copy of the original of this certificate is available from the CSIR on request. This certificate is issued without any alteration or erasure.
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CSIR

our future through science

CSIR: Implementation Unit

P.0.Box 395, Pretoria

Building 10

Meiring Naude Road, Brummeria, Pretoria
VAT NO: 4470114283

Tel (+27) 012 841 4145 Microbiology Laboratory - Pretoria
Fax (+27) 012 841 4653/3691 o H
Email MGovenderKirkpatrick@csir.co.za Certlflcate Of AnalySIS
Report NO:  M-2016-02506 Sample Description:  Water
Customer:  Dineo Mapholo
Address: No.25 Grenadine1131 Libenas Avenue No of Samples 3 Sample Condition:  Cold
Equestria Pretoria Date Received 18-Nov-2016 Date Completed:  22-Nov-16
Phone: 0721202678 Fax:
Contact: Dineo Mapholo  (dineomapholo@gmail com)
OrderNo  EFT
Analysis Escherichia coli HPC Total Coliforms
Unit count per 100ml count per 1ml count per 100ml
Method MMP 8 MMP 1 MMP 2
Sample Identification
M-16-07419 Borehole 1 4200 12500 6200
M-16-07420 Borehole 2 258 11100 1700
M-16-07421 Borehole 3 2 19475 4200

This report relates only to the samples actually supplied to and tested at CSIR, Implementation Unit. The laboratory does not accept responsibility from any matters arsing from the further
use of these results. This certificate shall not be reproduced, except in full, without the writtlen permission of the laboratory manager. No reference may be made fo the CSIR or any of its
operating units or employees in adverisements or for sale or publicity purposes without the CSIR's approval. All work is underfaken according fo the CSIR General Contract Conditions for
Routine Testing. Samples are discarded after 30 days from issue date of certificate. Analytical records are discarded after 3 years

<1 cfuis defined as Not Defected

ol

Wotald

Tshidi Setati - Technical Signatory

A copy of the original of this certificate is available from the CSIR on request. This certificate is issued without any alteration or erasure.
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CSIR

our future through science

CSIR: Implementation Unit
P.0.Box 395, Pretoria
Building 10

Meiring Naude Road, Brummeria, Pretoria

VAT NO: 4470114283

Microbiology Laboratory - Pretoria

Tel (+27) 012 841 4145
+
i tomsnpriaer o Certificate Of Analysis
Report NO:  M-2016-02482 Sample Description: Water
Customer:  Dineo Mapholo
Address:  No.25 Grenadine1131 Libenas Avenue No of Samples 3 Sample Condition:  Cold
Equestria Pretoria Date Received: 28-0ct-2016 Date Completed:  31-0ct-2016
Phone: 0721202678 Fax:
Contact: Dineo Mapholo  (dineomapholo@gmail.com)
Order No.  EFT Payment
Lab No M-16-07308 M-16-07309 M-16-07310
Sample ID Borehole 1 Borehole 2 Borehole 3
Analysis Unit Method
Escherichia coli count per 100ml MMP 8 <1 10 <1
HPC count per 1ml MMP 1 95250 8000 5900
Total Coliforms count per 100ml MMP 2 <1 10000 70000

This report relates only to the samples actually supplied to and tested at CSIR, Implementation Unit. The laboratory does not accept responsibility from any matters arising from the further use
of these results. This cerfificate shall not be reproduced, except in full, without the writlen permission of the laboratory manager. No reference may be made fo the CSIR or any of its operating
units or employees in advertisements or for sale or publicity purposes without the CSIR's approval. All work is underaken according to the CSIR General Contract Conditions for Routine
Testing. Samples are discarded after 30 days from issue date of cerfificate. Analytical records are discarded after 3 years.

<1 cfu/100ml is defined as Not Detected

g
~
(5

—

il

Prudence Maroga - Technical Signatory

A copy of the original of this cerfificate is available from the CSIR on request. This certificate is issued without any alteration or erasure
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Appendix H: Aqua Earth consulting laboratory results
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