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Abstract

Introduction: The quality of water was measured in water samples collected at the 12 water sampling
sites in the Fonteinspruit stream. The Fonteinspruit stream extends about 4.5 km in length and drains
an area of about 17 km2, wherein high-density residential areas, a Water Treatment Plant, industrial
and agricultural areas as well as an informal settlement, are located. The contamination of the
Fonteinspruit stream is attributed to human-induced activities such as improper disposal of solid waste
and domestic sewage, animal manure and industrial effluent, which contain pollutants and other
emerging contaminants. The contamination of this stream poses health risks to humans, animals and

aquatic organisms.

Methodology: In this study, water quality was assessed in water samples collected in the
Fonteinspruit stream in terms of conventional physical, chemical and microbiological properties as
well as the presence of emerging contaminants, namely carbamazepine, estrone, estradiol, 17a
ethynylestradiol, bisphenol A, atrazine, metolachlor and terbuthylazine. The ecological quality of the
stream was also assessed by enumerating aquatic macroinvertebrate families from which the quality
of their habitats could be evaluated. A Water Quality Index was calculated for the water at each water
sampling site to ascertain the overall water quality at a particular water sampling site and thereby
obtain an understanding of the water quality in the Fonteinspruit stream. The South African Scoring
System 5 was employed to measure the biological effects of polluted water on aquatic
macroinvertebrate families. The health conditions of the water at each sampling site were classified in

terms of the modelled reference conditions for the Highveld Ecoregion.

Results and Discussion: The water quality of the Fonteinspruit stream was found to be poor due to
high levels of turbidity, electrical conductivity and phosphate and high bacterial counts of coliforms
and Escherichia. coli. The compliance rate was below 20% for many of the measurements, particularly

for turbidity, phosphate and total number of coliform bacteria as well as the emerging contaminants,
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such as carbamazepine, estrone, estradiol, 17a ethynylestradiol, bisphenol A, atrazine, metolachlor
and terbuthylazine. The presence of only pollution tolerant aquatic macroinvertebrate families strongly
supported the notion that ecological conditions of the water at all 12 water sampling sites in the

Fonteinspruit stream were critically impaired.

Conclusion: In conclusion, water quality of the Fonteinspruit stream was deteriorating; that human-
induced activities were affecting the water quality in the stream; that the poor water quality in the
Fonteinspruit stream was affecting the aquatic macroinvertebrates and their diversity. Finally, human
and animal health could be at risk if they accidentally drink the contaminated water in the Fonteinspruit

stream during swimming or if they eat vegetables irrigated with the contaminated water.
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Chapter 1

Introduction

1.1 Introduction

Water is an essential natural resource required by all living organisms for their survival. Less than 1%
of the earth’s water resources are readily available to humans as fresh water in the form of surface or
groundwater (Zia et al., 2013). Surface water is water on the surface of the planet, such as in a river,
lake, wetland, or ocean. Non-saline fresh water sources are mainly used for human use. With the ever-
increasing global populations, the demand for water remains high. As a result, about 1.1 billion people
do not have access to an adequate supply of water (Ayandiran et al., 2018). In South Africa, many of
the surface water sources have declined, mostly because of changing weather patterns. The uneven
distribution of water, increased usage and wastage as well as water pollution, have all given rise to

the water crisis around the world (Van der Hoven et al., 2017).

The rivers represent the major source of water for human consumption, irrigation and industrial
purposes. In South Africa, most rivers are small and are referred to as streams. Streams are
considered to be the first- and second-order channels of a watercourse within a river network (Ding et
al., 2016). Rivers and streams transport water, nutrients, inorganic and organic materials and
sediments from uplands to downstream systems (Ferreira Marmontel et al., 2018). In addition, rivers
and streams contribute to the biodiversity by supporting a number of biological organisms, such as

aquatic macroinvertebrates, including algae (Singh & Saxena, 2018).

In South Africa, water from rivers, streams and dams is used for a wide variety of purposes. Although
the vast majority of the water is used for agricultural purposes, water is also used for domestic
purposes, such as cooking, washing and drinking. Other uses of water include recreational use, such

as swimming, high diving and fishing. Several communities also use water to perform cultural rituals.
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The quality of the water in many South African rivers and streams has declined in recent times
(Rossouw, 2011). This decline can be attributed to natural processes and, more recently, to
anthropogenic activities, which are linked to population expansion, urban and industrial growth as well
as agricultural activities (Garcia etal., 2017; Pasternak et al., 2017). As a result of human and industrial
activities, emerging contaminants (ECs) have recently been discovered in several streams, thereby
further degrading the quality of the water (Talib & Randhir, 2017). These contaminants include large
quantities of medicines, disinfectants, laundry detergents, pesticides, dyes and paints that are flushed,

washed or discarded in the drainage system (Grassi et al., 2012).

Poor quality water has adverse effects on humans and the environment. Humans, in particular, are at
risk of being exposed to waterborne pathogens that cause waterborne infectious diseases. Many
waterborne infectious diseases associated with polluted water include cholera, typhoid and hepatitis
A. It has been estimated that over 3 million people die from preventable water-related diseases each
year (World Health Organization [WHO] & the Organisation for Economic Co-operation and
Development [OECD], 2003). Diarrhoeal diseases account for over 2 million deaths annually and
many of these deaths involve children under the age of five (WHO-OECD, 2003). The continuing
presence of contaminants in the water can also affect the survival of aquatic organisms and ultimately

reduce their diversity.

Rivers and streams are continually being enriched with nutrients from the environment. These
nutrients often come from agricultural lands and households as wastewater or runoff. The major
constituents of agricultural wastewater or runoff include animal manure, which is applied to the soil as
the fertiliser to increase crop production, and pesticides and herbicides, which are applied to protect
the vegetation (Trang et al., 2017). Fertilisers are rich in phosphorous, potassium and nitrogen, and
when deposited in the soil can then be carried with the surface water runoff into the rivers and streams

(Trang et al., 2017). Municipal wastewater may carry industrial or domestic effluent containing
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nutrients, such as ammonia and nitrogen. The introduction of nutrients into rivers and streams may
result in eutrophication, which may lead to the production of algal blooms and the reduction of

dissolved oxygen (Guldhe et al., 2017).

Substantial changes in the quality of water may result in major disturbances on aquatic life. These
changes can be brought about by various key stressors, which include climatic conditions and stream
flow as well as the physical, chemical and biological processes, most of which can be attributed to
human activities, such as alteration of land cover, deforestation and pollution (Matthews & Bernard,
2015; Trang et al., 2017). High levels of nutrients in the water promote excessive growth of toxic algal
blooms and green plants. When the algae die, they become food for bacteria that decompose them.
With more food available in the water, bacterial populations increase and thus use more of the
dissolved oxygen. Low levels of dissolved oxygen affect the survival of fish and other aquatic

organisms and may result in the reduction of their numbers in such conditions (Guldhe et al., 2017).

The Fonteinspruit stream is one of the streams found in the Bloemfontein area. The Fonteinspruit
stream is approximately 4.5 km and flows into the Blou dam. Blou dam is a small reservoir and joins
the Bloemspruit at the lower end of the catchment. The Bloemspruit further joins the Renosterspruit
stream before flowing into the Modder River on the outskirts of Bloemfontein. The Fonteinspruit stream
drains an area of about 17 km2, which is characterised by rapidly developing residential areas,
including Erlich Park, Heidedal, Batho, Bochabela, Phahameng and several informal sections of
Mangaung. Along the Fonteinspruit stream there are also several industries, which include metal,

building, food and engineering industries (Pretorius et al., 2002).

Several studies have shown that the Fonteinspruit stream is highly polluted. Pretorius et al. (2002)
revealed that there was considerable bacterial pollution, high levels of dissolved inorganic nitrogen

and dissolved solids in the water in the Fonteinspruit stream. Nyoh (2015) also demonstrated that
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areas surrounding the Fonteinspruit stream are often plagued by sewer blockages, resulting in the

municipal sewage flowing into the stream.

1.2 Aim and objectives

Both Pretorius et al. (2002) and Nyoh (2015) studies strongly suggested that the water quality in the
Fonteinspruit stream was continually being degraded by human activities, such as pollution through
leaking and blocked sewage pipes, farming, widespread littering and the existence of illegal dumping
sites in the vicinity. This study was, therefore, undertaken to assess the water quality in the
Fonteinspruit stream to establish whether the water quality in the stream was still undergoing
degradation or whether some intervention has occurred to improve the quality of the water. The study
was comprised of two major areas of investigation. In one investigation, the quality of the water in the
Fonteinspruit stream was analysed, while in the other investigation, the impact of the stream water

quality on the aquatic macroinvertebrate populations and habitats was analysed.

To meet this aim, the following objectives were formulated:
1. Toidentify suitable sampling sites along the Fonteinspruit stream.
2. To analyse the quality of the water in terms of physical, chemical, and microbiological
properties.
3. To analyse the quality of the water in terms of the emerging contaminants.
4. To analyse the quality of the water in terms of its influence on aquatic macroinvertebrates

population and their habitats.

1.3 Layout of the dissertation

This dissertation comprises seven chapters.

Chapter 1: Introduction
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In Chapter 1, the problem statement, aim and objectives are presented.
Chapter 2: Literature Review

In Chapter 2, a comprehensive review of the literature is provided. This literature review covers topics
such as water resources in South Africa, water pollution, water quality, effects of polluted stream water,
assessment of water quality, assessment of emerging contaminants on water quality, and assessment

of ecological water quality.
Chapter 3: Materials and Methods

In this Chapter, a summary of the materials and methods used in carrying out the research are

provided.
Chapter 4: Results of water quality in the Fonteinspruit stream

In this Chapter, the results of the water quality assessment at the respective water sampling sites in

the Fonteinspruit stream, together with the interpretation of the results, are presented.
Chapter 5: Results of emerging contaminants on water quality in the Fonteinspruit stream

In this Chapter, the results of the emerging contaminants on the water quality at the respective water
sampling sites in the Fonteinspruit stream, together with the interpretation of the results, are

presented.
Chapter 6: Results of ecological water quality in the Fonteinspruit stream

In this Chapter, the results of the ecological water quality assessment at the respective water sampling

sites in the Fonteinspruit stream, together with the interpretation of the results, are presented.
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Chapter 7: Discussion and Conclusion

In this Chapter, an overall discussion of the main findings of the assessment of the water quality in the

Fonteinspruit stream, together with the main conclusion of the study, is presented.

References  The references in this dissertation have been prepared using the reference manager

Mendeley.
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Chapter 2

Literature Review

2.1 Introduction

All'living organisms require water for their growth and maintenance of their biological activities. About
70% of the earth’s surface is covered by water. Of this water, approximately 2.5% is renewable
freshwater, or by volume, that is about 34.5 million cubic kilometres (Liang et al., 2018; World Water
Assessment Programme [WWAP], 2019). Large quantities of the earth’s freshwater is inaccessible as
it is trapped in the ice caps, which equates to approximately 200,000 cubic kilometres of usable

freshwater on earth (WWAP, 2019).

Water sources include surface water in lakes, springs or rivers as well as subsurface water, mostly
accessed through wells. One of the major challenges of the 21st century is access to safe drinking
water (Mhlongo et al., 2018; WWAP, 2019). Water scarcity affects every continent and hinders the
sustainability of natural resources, as well as economic and social development of many populations.
The Millennium Development Goals Report (MDGR) of 2015 recorded that water scarcity affects more
than 40% of people around the world, and is expected to increase (United Nations Department of
Economic and Social Affairs [UN-DESA], 2015). In South Africa, the attainability of fresh water is
considered limited and vulnerable, in terms of availability, quantity and quality (Mhlongo et al., 2018).
The limited water supply poses a risk to all the needs of surface water (Singh & Saharan, 2010;

Canedo-Arglelles et al., 2016).

Water scarcity is one of the major environmental issues in developing countries. The increasing
demand for water is mostly attributed to population increase and climate change (Lee et al., 2017).

The population growth, along with an increased water demand for human activities, such as
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industrialisation and urbanisation, is challenging to the sustainability of water resources (Dey & Mishra,
2017). Worldwide, the proportion of urban communities that have access to safe water is much greater
than rural communities. Currently, 96% of urban communities have access to safe drinking water,
compared with the 84% of rural populations (UN-DESA, 2015). The proportion of the global rural
populations without access to safe drinking water has declined by more than half from 38 to 16% since
1990 until 2015 (UN-DESA, 2015). Similarly, when comparing water supply, four out of five people
living in urban areas have access to piped drinking water, while only one in three people living in rural

areas has access to piped drinking water.

Surface water plays an important role in many biological processes. Surface water, such as rivers and
streams, is used for domestic purposes, irrigation for food production, industrial and recreational
activities (Barakat et al., 2016; Zhai & Tao, 2017). Rivers and streams act as channels for the transport
of water, nutrients, inorganic and organic materials (Ferreira Marmontel et al., 2018). Rivers and
streams also support aquatic organisms, such as aquatic macroinvertebrates, algae and fish (Singh
& Saxena, 2018). Rivers and streams provide habitats for more than 120,000 species of aquatic

macroinvertebrates (Matthews & Bernard, 2015).
2.2 Water resources in South Africa

South Africa is an arid country. It is ranked as the 30t driest country in the world (GreenCape, 2017).
The availability of water varies extensively from place to place and over time. The western regions of
South Africa are relatively dry with rainfall during the summer, and an average as low as 100 mm
(GreenCape, 2017). In contrast, the eastern and south eastern regions receive rainfall throughout the
year, with an average rainfall of up to 1,000 mm. The total annual surface runoff is estimated at 43 to

48 km3 (Mwendera & Atyosi, 2018).
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Surface water occurs inland permanently or intermittently. Surface water is found in lakes, rivers, and
reservoirs (Amouei et al., 2012; Sardar et al., 2013). Lakes form through the natural flow of water that
moves under the force of gravity along channels and accumulates in depressions in the earth (Khattak
etal., 2012). Lakes are fed by surface water runoff and rivers (Owa, 2014). When water is not trapped
in a lake, the lake is only temporary. This may occur when the water flow is fast allowing the water to
flow into a river or the water seeps into the ground or it evaporates (Department of Water Affairs
[DWA], 2012). Several factors determine the size of a lake. These factors include the origin of the
depression where water accumulates, the water regime, river channel stability, water exchange
characters, water balance structure, temperature and dissolved load (Lazarova et al., 2011). In

contrast to a naturally formed lake, a human-made inland lake is referred to as a reservoir.

Groundwater is fresh water found in the subsurface pore space of soil and rocks along which it travels
and fills openings in the rocks. The spaces in the rocks that store and transmit groundwater are
referred to as aquifers. Large porous aquifers occur only in a few areas in South Africa
(Ponsadailakshmi et al., 2018). However, in the rural and more arid areas, people rely on groundwater
as their primary water source (DWA, 2013). In South Africa, it is expected that groundwater use will
increase, especially in the western part of the country, where perennial rivers do not occur

(GreenCape, 2017).

In South Africa, both mountain and lowland rivers occur. Mountain river water flows rapidly along
narrow valleys, while the water in lowland rivers flows slower in wider channels, often with terraced
valleys (Khan et al., 2013). In South Africa, there are only a few large rivers. Most rivers are small and
can be described as streams. The main rivers in South Africa are the Orange River that drains to the
Atlantic Ocean, while the Limpopo River, Incomati River, Maputo River, Tugela River, Olifants River

(Limpopo), and Breede River all drain to the Indian Ocean (GreenCape, 2017).
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Since cities often develop around a water supply, many South African streams flow through urban
areas (Sarkar & Abbasi cited in Nyoh, 2015). Four main stream types are distinguished (Rossouw,
2011). Ephemeral streams are streams that flow for less than a month in a year and only after rain.
Intermittent or temporary streams, on the other hand, are streams that flow periodically for more than
three months in a year. Semi-permanent streams flow most of the year, but may stop flowing during
dry periods. The fourth type of stream is a permanent stream. This type of stream flows indefinitely,
but could stop flowing under extreme drought. Most South African streams flow intermittently

(Rossouw, 2011).

2.3 Water pollution

Water pollution occurs when harmful substances, such as chemicals or microorganisms, accumulate
in surface water bodies making them toxic to humans and/or the environment. According to Olaniran
in 1995, water pollution is defined as the presence of excessive amounts of pollutants, which cause
the water to be unsuitable for drinking, bathing, cooking or other uses (cited in Owa, 2014). In South
Africa, acceptable water resources continue to decline because of resource depletion and pollution.
The continual decrease in water resources and their pollution affects social and economic
development negatively and is closely linked to the prevalence of poverty, hunger and diseases

(Ochieng et al., 2010).

Surface water bodies become polluted through natural processes or through mechanisms of
displacement and dispersal related to human activities. However, water degradation is mostly as the
result of human activities (Han et al., 2016; Daud et al., 2017; Liu et al., 2017; D’'Ugo et al., 2018).
Pollutants enter the water environment from two main types of sources. These sources include point
sources and non-point sources (Varol & Sen, 2009). A point source is a single, identifiable source of
pollution, such as a pipe or a drain. Pollutants from point sources are discharged either into surface

water or groundwater through an area that is smalll relative to the area or volume of the receiving water
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body (Tsuzuki, 2015; Trang et al., 2017). For example, industrial wastes are commonly discharged
into rivers and the sea in this way. In contrast, non-point sources, often termed ‘diffuse’ pollution, refers
to pollution that occurs over a wide area and cannot easily be attributed to a single source (Khan et
al., 2004; Vrebos et al., 2017). Non-point sources are often associated with particular land uses and
deposition from the atmosphere, either by precipitation (wet deposition) or by dry fallout (dry
deposition). Fertilisers and pesticides from agricultural fields also release contaminates into surface
water bodies (Jerome & Pius, 2010; Zia et al., 2013; Hofstra & Vermeulen, 2016; Howladar, 2017).
Consequently, the deposition of pollutants in surface water resources threatens human and animal

health and their associated ecosystems (Molina-Navarro et al., 2018).

In 2002, there was a study carried out to understand the major causes of pollution in the study area.
This study showed that bacterial pollution was high and that the levels of dissolved inorganic nitrogen
and dissolved solids were high (Pretorius et al., 2002). Another study showed that areas surrounding
the Fonteinspruit stream were plagued by sewer blockages, with the overflow running into the stream

(Nyoh, 2015).

2.3.1 Water pollution through natural processes

Natural pollution of water bodies occurs mainly through geological influences and rainfall. The
geological composition of areas that surround river drainage basins influences the content of the water
in these basins. Rocks in the drainage basins are slowly dissolved by carbonic and sulphuric acids
that occur in the atmosphere and absorbed by rain (DWA, 2004). The dissolved rocks increase the
sediment load and also alter the acidity of the water running along the drainage basins (DWA, 2004).
Heavy metals, such as lead, mercury, zinc, cadmium and arsenic from the geological surroundings,
are often deposited with natural sediment in the bottoms of stream channels (Khattak et al., 2012).
Many of these heavy metals are dangerous pollutants, for example, mercury contamination of aquatic

ecosystems has been known for a long time (Khattak et al., 2012). One of the best-known examples
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of mercury toxicity occurred in the coastal town of Minamata on Kyushu island of Japan in the middle
of the 20t century when people became seriously ill because of high toxic levels of mercury in the

water (Khattak et al., 2012).

Rainfall also contributes to the pollution of surface water bodies. Rainfall pollutes water bodies by
depositing the contents of runoff gathered from the vicinity, such as plastics, papers, faeces and
sewage, into nearby surface water bodies (Chigor et al., 2013). In addition, runoff may also carry plant
debris and sand, silt and clay into rivers and streams, which results in muddy, turbid water. Severe
rainfall events lead to excessive erosion and landslides, which may dramatically increase the content
of the suspended material in affected rivers and lakes (Palmer et al., 2004). Arsenic may enter surface
water bodies through rainfall. The occurrence of arsenic in drinking water is now recognised as a
global problem. For example, arsenic in groundwater in Bangladesh affected millions of the poorest

people in the world (Khattak et al., 2012).

2.3.2 Water pollution through human activities

A great variety of human activities also contribute to the pollution of surface water bodies.
Indiscriminate industrial, household, mining and agricultural waste disposal practices are major
contributors to the pollution in water bodies (Owa, 2014). With the ever-increasing world population,
the disposing of sewage wastewater has also become a substantial problem. In poorer and developing
countries, many townships and municipalities do not have the means to dispose household waste
(Chigor et al., 2013). Treatment capabilities for sewage and wastewater are also lacking (Minolfi et al.,
2018). As a result, large amounts of sewage-polluted untreated water are discharged into surface
water bodies every day, contaminating the water intended for drinking and other uses (Zamxaka et

al., 2004; Bodrud-Doza et al., 2016).
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Manufacturing industries as well as the mining sector are major contributors to water pollution. These
industries are often responsible for point source pollution by discharging chemicals and industrial
waste into streams, rivers or the sea. Chemical production by metal processing and smelting has been
proven to be a primary source of heavy metal pollution in surface water (Yang et al., 2018). Tie and
dye industries produce chemicals, such as zinc sulphate and copper salts, which have devastating

effects on aquatic ecosystems when discharged into rivers (Owa, 2014).

Agriculture is another major contributor to the pollution of surface water bodies. Through the
application of pesticides and fertilisers and also poor sewage disposal, nutrients enter water bodies,
mainly through runoff (Ambani & Annegarn, 2015). Nutrient enriched runoff causes excessive algae
growth, mainly through enrichment with nitrogen and phosphorus. The enrichment of excessive
amounts of nutrients, known as eutrophication, can lead to low levels of dissolved oxygen in the water,
which together with algal bloom growth, blocks much needed light penetration for other aquatic

organisms, causing the death of plants, fish and other aquatic animals (Yang et al., 2018).

The mining sector contributes to the degradation of water quality in water bodies in various ways. The
impact of mining pollution depends on the type of minerals and chemicals used in the metal extraction
processes, climate and life stage of the mine as well as environmental management practices that are
in place (Dold, 2014). In mining, large volumes of water are used to process the ore, which generates
excessive amounts of chemicals, heavy metals, soil and other waste rock materials. Metals, such as
arsenic, cadmium and lead, leach from mining sites into the surroundings and contaminate the
environment and surface water bodies in the vicinity of the mines (Minolfi et al., 2018). Besides the
heavy metals that leach during the processing of ore, sulphide minerals that are also present in the
mining rocks leach from mining sites when exposed to water and oxygen through a process known as

acid mine drainage (AMD), which is also referred to as acid rock drainage (Dold, 2014).
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AMD has far reaching effects on the environment. The resulting sulphuric acid creates acidic
conditions that speed up the leaching of heavy metals from the rocks (Ambani & Annegarn, 2015).
Thus, environments surrounding mines often contain elevated concentrations of metals and metalloids
(Masindi & Khathutshelo, 2018). A study of groundwater in the mining district of Johannesburg by
Naicker et al. in 2003 revealed that the groundwater was acidified and contaminated with elevated
concentrations of heavy metals as a result of the oxidation of pyrite contained in the mine tailings near
the mines (cited in Ochieng et al., 2010). AMD contamination has also gradually increased around
multiple dams, such as the Middelburg, Witbank and Boesmanspruit dam in South Africa. The effect
of AMD on the Boesmanspruit dam that supplies potable water to Carolina, Mpumalanga, was studied
in 2012. This study showed dam water pH levels as low as 3.7 as well as high concentrations of iron,
aluminium, manganese and sulphate, which indicated that the water was toxic (McCarthy &

Humphries, 2013).

2.3.3 Water pollution through emerging contaminants

Emerging contaminants (ECs) are synthetic or naturally occurring chemicals that are not commonly
monitored in the environment, but have the potential to enter the environment and cause known or
suspected adverse ecological and/or human health issues. ECs are consistently being found in
surface water, groundwater, municipal wastewater, drinking water and food sources (Blum etal., 2018;
Mandaric et al., 2018). It is estimated that more than 80,000 chemicals are produced and used
worldwide, with more than 2,000 produced in amounts exceeding 450 tons per year (McKnight et al.,
2015). The threat lies in the fact that the environmental and human toxicology of most of these
compounds has not yet been studied. Furthermore, many ECs are not or cannot be tested for in
municipal water systems (Talib & Randhir, 2017). As a result, ECs may bio-accumulate in the
environment and in various aquatic macroinvertebrates and other aquatic organisms, which form part

of the aquatic food web (Inostroza et al., 2017).
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The major groups of ECs are pharmaceuticals (both over-the-counter-drugs and prescription),
pesticides, personal care products (PCPs) and endocrine disrupting compounds (EDCs). Other
groups of ECs include industrial chemicals, surfactants and flame retardants. Pharmaceuticals are a
group of ECs that are broadly and progressively being used as part of human and veterinary
medication (Rodriguez-Narvaez et al., 2017). It is estimated that approximately 3,000 different
substances are used as pharmaceuticals, including pain-killers, antibiotics, anti-diabetics, beta
blockers, contraceptives, lipid regulators, antidepressants and impotence drugs (Agunbiade &
Moodley, 2014). Only a small subset of these ECs has been investigated in environmental studies
(Sorensen et al., 2015; Gogoi et al., 2018). The major routes of entry of pharmaceuticals into the water
bodies are via human excretion, veterinary use and disposal of unused products (Hamza et al., 2016;
Philip et al., 2018). Their presence in surface water bodies has caused estrogenic and endocrine-
related effects on humans and aquatic organisms (Richardson & Kimura, 2017; Rodriguez-Narvaez

etal., 2017).

Pesticides refer to a wide range of compounds that are typically categorised on the basis of their
actions. Nearly 20,000 pesticide products have entered the market since registration began in 1947
(Pintado-Herrera et al., 2017). Pesticides include herbicides, fungicides, insecticides, nematicides and
plant growth regulators (McKnight et al., 2015). This class of ECs is extensively used for crop control
and management in the agricultural sector, golf course maintenance and landscaping as well as grass
management at industrial sites and public recreational areas (Huber et al., 2016; Weber et al., 2018).
It is estimated that over 2 million tons of active ingredients are used each year, predominantly in
agriculture (Rocha et al., 2018). Pesticides may reach the soil through precipitation, irrigation water
and wind (Hamza et al., 2016). These chemicals can be transported from the land surface to surface
water bodies or groundwater through runoff and infiltration (Bai et al., 2018); and as effluent from
municipal water treatment plants, which gets discharged into the receiving water bodies (Hamza et

al., 2016).
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PCPs are a group of synthetic chemicals or substances used on a daily basis. These synthetic
chemicals include perfumes, soaps, cosmetics, lotions and sunscreens (Montes-Grajales etal., 2017).
A variety of chemicals used in the production of PCPs intended for external use, have been described
as potentially hormone disrupting substances (Rimayi et al., 2018). Because of their regular and
extensive use, PCPs are constantly released into the environment via discharged household
wastewater after showering, bathing and cleaning (Pivetta & Gastaldini, 2019). Many PCPs are
bioactive and may persist and bio-accumulate in the environment (Hamza et al., 2016; Polidoro et al.,

2017; Rimayi et al., 2018).

Endocrine disrupting chemicals (EDCs) have been detected in discharged effluent from industrial and
wastewater treatment plants, and have been found in surface water bodies and even in drinking water.
EDCs are characterised as artificial chemicals that, when ingested into the body, can either copy or
obstruct hormones and thus affect the body's normal functioning (Raghav et al., 2013; Gogoi et al.,
2018). EDCs often come from industrial products, such as plasticizers, flame retardants, synthetic
hormones, detergents and pesticides, and natural hormones (Dotan et al., 2017; Wooding et al., 2017;
Song et al., 2018). In surface water, EDCs can have adverse reproductive effects in aquatic

organisms, such as fish species (Le Thi Minah et al., 2016; Gogoi et al., 2018).

ECs may enter surface water bodies through various ways. The sources of ECs include both point
sources of pollution, like the discharge of wastewater, and non-point sources of pollution, such as
sewer leakages and sewer overflow (Lei etal., 2015; Ebele et al., 2017). Healthcare facilities are major
contributors of ECs in surface water through the discharge of wastewater and expired drugs into
streams and rivers (Gogoi et al., 2018). Unused pharmaceuticals, disposed of in toilets or drains, as
well as partially or un-metabolised medication excretions by humans, have been shown to be a
significant source of prescription and non-prescription drug contamination (L6pez-Doval et al., 2017;

Wilkinson et al., 2017).

© Central University of Technology, Free State



(Q o,

Chapter 2: Literature Review Page |38

Agriculture and industries are other contributors to the enrichment of surface water bodies with ECs.
EC enrichment from agriculture is through runoff from agricultural fields and wildlife animal waste as
well as illegal waste discharge. The wastewater effluent from agricultural lands often contains animal
manure and fertilisers, which are rich in nutrients, such as nitrogen and phosphorus (Guldhe et al.,
2017; Matamoros & Rodriguez, 2017). Hormones and drugs, such as antibiotics, injected into animals
or fed to fish also end up in water bodies through wastewater and surface water runoff (Gogoi et al.,
2018). A wide range of industrial wastewater, especially from agricultural and food industries, contains
a composition of chemically and biologically degradable and non-degradable substances, organic
matter and inorganic matter, which can severely deplete dissolved oxygen in an aquatic environment
(Guldhe et al., 2017). ECs may also end up in surface water bodies as a result of illegal or poorly

managed wastewater effluent, sewer leakages and overflow discharges (Sorensen et al., 2015).

Municipal wastewater is a significant source of ECs as a result of wastewater produced in households,
institutions and commercial buildings. Nutrients, such as ammonia, phosphate and other inorganic
substances, are drained or flushed with municipal wastewater and may end up in the aquatic
environment as part of sewage discharged directly into the receiving water bodies (Gogoi et al., 2018).
Leaky sewer and septic systems may further increase the presence of ECs when the wastewater

enters the receiving water bodies as part of surface water runoff (Talib & Randhir, 2017).

2.4 Water quality

One of the unique characteristics of water is its excellent dissolving capability. During the hydrological
cycle of water, the water may come into contact with a wide range of substances, which may be
dissolved to a greater or lesser extent (Department of Water Affairs & Forestry [DWAF], 1998). The
type of substances as well as the amount of the substances determines the properties of the water.
Oxygen and carbon dioxide are important gasses that dissolve in water (Rossouw, 2011). Inorganic

compounds that dissolve in water include sodium chloride and calcium sulphate, while organic
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substances include humic acids and carbohydrates (Water Research Commision [WRC], 1998).
Besides the dissolved substances found in water, substances that do not dissolve, but remain in
suspension as very small suspended or colloidal particles, are also found in water. Such suspended
substances, in particular microorganisms, also affect the quality of water. Thus, to evaluate the quality
of water, the concentrations of dissolved substances are determined, together with physical and

microbiological properties of the water (Lund et al., 2014).

The properties of water may change over time and with location. Such changes may be minute-to-minute
and day-to-day, usually brought about by rain and wind that deposit environmental contaminants and
debris in the streams (Rossouw, 2011; Lund et al., 2014). Daily variations in the properties of surface
water are caused by natural biological cycles and chemical reactions taking place in the water bodies,
which may also be affected by the variations of daylight or darkness cycles. Seasonal and hydrological
changes are driven by climate change. For example, heavy rainfall could cause increased runoff from
agricultural land and urban areas, which in turn speeds up changes in water properties (Lund et al.,
2014). Year-to-year water property patterns are caused by changes in land use, land cover and other

human-induced activities in the catchment.

Water quality is generally managed through the implementation of water legislations and water quality
guidelines that have been developed locally and/or internationally (Nyoh, 2015). Certain criteria for a
particular water quality property are used as scientific and technical information to guide the assessment
of water properties and to determine the potential effects on aquatic ecosystems as well as fitness for other
environmental uses (DWAF, 1996b, 1996¢). A range of water quality properties are assessed to indicate
the suitability of water resources to sustain and support various uses. These water quality properties

include the physical, chemical and microbiological properties.
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241 Physical properties

The physical properties of water largely determine the aesthetic properties of water. Physical water
quality properties that are generally assessed are dissolved oxygen (DO), pH, electrical conductivity
(EC), turbidity and temperature. The physical properties of water that are mostly determined by senses
include touch, sight, odour and taste (Jotwani et al., 2014). Suspended and colloidal material in water
is a measure of the clarity and described as the turbidity of the water. Turbidity of water determines
the light-transmitting properties of the water and ultimately influences the clarity of the water (Mohsin
et al., 2013). Because of the reduced light penetration in turbid water, photosynthesis and the
production of dissolved oxygen (DO) are reduced. Aerobic organisms require adequate DO for their
respiration, therefore dwindling levels of DO affects the growth and survival of aquatic algae,
phytoplankton and other aquatic plants (Stutter & Cains, 2017). As turbidity increases, so does the
temperature because suspended particles tend to absorb more heat (WHO-OECD, 2003). Warmer
water causes the concentration of DO to decline because warm water holds less DO than cold water

(Stutter & Cains, 2017).

When DO levels drop to below 5 mg/L, the functioning and survival of biological communities are
threatened, while levels below 2 mg/L may result in the death of most fish and aquatic
macroinvertebrates (Diamantini et al., 2018). Therefore, low oxygen levels often indicate that the water
has concentrations of organic material. A study, which was conducted across the three major surface
water body types (temporary rivers, depression wetlands and semi-permanent dams) in the Eastern
Cape Karoo, showed that the high levels of turbidity caused by suspended lime-rich soils and
sandstone sediments had detrimental effects on the abundance and diversity of aquatic
macroinvertebrates (Mabidi et al., 2017). The changes in turbidity levels mostly affected the larvae of
dragonflies and damselflies (Odonota), which are known to be susceptible to changes in water flow

and turbidity (Mabidi et al., 2017).
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Temperature plays an important biochemical role in water. Temperature regulates the chemical
reactions and the solubility of gases and minerals in the water (Ignatius & Rasmussen, 2016). It also
influences the metabolic activities of aquatic organisms and productivity of aquatic plants (Barakat et
al., 2016). Aquatic organisms can usually adapt to narrow temperature ranges in the environment in
which they live. However, changes in the range of temperatures may cause death or migration of
aquatic organisms (Karthika et al., 2018). High temperatures can increase the solubility of
contaminants in the water and this might further increase the toxicity of these contaminants. In
addition, the DO is dependent on the temperature levels. For example, the warmer the water, the less
oxygen it can hold. In a study by Rossouw (2011), it was reported that high temperatures during the
summer months attributed to increased algal growth in the Mokolo River, which falls within the
Limpopo Water Management Area. In contrast, during the winter months, algal growth decreased as

a result of the low temperatures (Rossouw, 2011).

Similarly, to temperature, many biological and chemical processes in an aquatic ecosystem are
affected by levels of pH. pH provides information on the intensity of the acid or alkaline levels in a
solution (Le ThiMinah et al., 2016; Karthika et al., 2018). Factors, such as temperature, concentrations
of inorganic and organic ions and biological activity, affect water pH (Lothrop et al., 2018). The results
of a study in North Li Shi in the Cheng District of Beijing in 2011, revealed that the release of
phosphorus from sediments increased with an increase in water temperature and when the pH was

increased from 8 to 10. (Li etal., 2013).

EC is a measure of the capacity of water to conduct electrical current. EC is also directly related to the
concentration of salts dissolved in water. Salts and inorganic materials, such as chloride, sulphate,
nitrate, sodium, potassium, calcium and magnesium, dissolve in water into positively charged ions and
negatively charged ions, which conduct electricity (Karthika et al., 2018). Most of these solids enter

the aquatic environment through the dissolution of minerals in surrounding rocks, soil and
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decomposing plant material (Rizo-Decelis, et al., 2017; Sener et al., 2017). Surface runoff from urban,
industrial and cultivated areas are examples of the types of sources that may contribute to increased

concentrations of solids (Dalu et al., 2017).

2.4.2 Chemical properties

The chemical properties of water are determined by measuring the concentrations of mainly four
groups of dissolved substances. Metallic substances include arsenic, cadmium, calcium, copper, iron,
magnesium, manganese, potassium, sodium and zinc. Metallic substances usually occur in trace
amounts in water, i.e. at very low concentrations. Inorganic non-metallic substances include chloride,
fluoride, nitrate and sulphate (Water Research Commission [WRC], 1998). Most of the dissolved
inorganic substances in water occur as ions. These ions enter a water body from atmospheric rock
weathering and runoff (Daud et al., 2017). The other chemical groups are the aggregate group of

organic substances and the aggregate inorganic substances.

The amount of inorganic substances is measured by total dissolved solids (TDS) and hardness. TDS
is the term used to describe the inorganic salts and small amounts of organic matter present in solution
in water. The principal constituents are usually calcium, magnesium, sodium and potassium cations,
and carbonate, hydrogen carbonate, chloride, sulphate and nitrate anions. The hardness of water is
due to the presence of higher levels of calcium and magnesium minerals in the water (Ignatius &

Rasmussen, 2016; Ewaid & Abed, 2017).

Studies show there is not enough direct negative health effects associated with hard water on humans.
The evidence relating to epidemiological studies about the potential effects of hard water on the skin
is being debated as it does not prove causality (Engebretsen et al., 2017). The study, which used
water hardness results data, reported that the skin disease (eczema) was prevalent among Japanese,

Nottinghamshire and Spanish children, particularly in areas where the hardness levels of water were
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the highest rather than in the areas with the lowest levels. However, it is unknown whether there were

any synergistic effects (Engebretsen et al., 2017).

Inorganic nitrogen, phosphate and sulphate are important inorganic non-metallic substances to
consider when describing water quality. Inorganic nitrogen, which includes the major forms of
inorganic nitrogen; i.e. ammonia (NHs), ammonium (NHa4*), nitrate (NO2) and nitrite (NH3-), may affect
water quality (Rossouw, 2011). Ammonia and ammonium are reduced forms of inorganic nitrogen,
which can exist in the air, soil and water as dissolved ions or can be adsorbed from decomposed
organic material (DWAF, 1996a). Nitrite is the inorganic intermediate, while nitrate is the end product
of oxidation of organic nitrogen and ammonia. Nitrate is the more stable of the two forms and is usually
far more abundant in the aquatic environment (Rossouw, 2011). These nutrients enter surface water
bodies in animal waste and fertilisers from agricultural and farming environments as well as from

municipal sewage in urban areas (Sener et al., 2017).

Phosphate originates from the weathering of rocks and the subsequent leaching of phosphate salts
into surface waters. The majority of phosphate enters rivers and streams as effluent from the
wastewater and agricultural or residential cultivated land (Rossouw, 2011). Treatment plants, leaking
pipes and sewage overflow contribute to the amounts of phosphate in wastewater (Guldhe et al.,
2017). Sulphate reaches surface water bodies through the breakdown of carbon-based substances
caused by the decay of plants and animal matter as well as weathered soils and sediment (Ignatius &
Rasmussen, 2016). Several chemicals, such as ammonium sulphate fertilisers, contain sulphate and
thus may be released into surface water resources as runoff from urban areas and agricultural farms
(Varol & Davraz cited in Sener et al., 2017). Other sulphate-containing water treatment chemicals,
such as aluminium sulphate or copper sulphate, may be discharged into the water as effluent. The
enrichment of surface water bodies with phosphate and sulphate could result in speeding up the

eutrophication process in the water.
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Highly enriched water, favourable temperatures and light may result in algal blooms. An algal bloom
is a rapid increase or accumulation in the population of algae in the water, and is often recognised by
the discolouration of the water from their pigments. The term algae in an algal bloom refers to many
types of aquatic photosynthetic organisms, both macroscopic, multicellular organisms, like seaweed,
and microscopic, unicellular organisms, like cyanobacteria. The presence of algal blooms in water
limits the amount of dissolved oxygen needed by other aquatic organisms for respiration (Gupta et al.,
2017). When the environment can no longer support the increased population of algae, they die and
decay. The decomposition of algae by bacteria may lead to the depletion of oxygen, which could result

in the suffocation of the fish and other aquatic organisms living in the water (Gupta et al., 2017).

In a study carried out in South Africa in 2015, it revealed that between 2002 and 2012, almost 70% of
the 50 largest surface water bodies, including the Gariep dam, Vaal, Sterkfontein, Theewaterskloof
and Vanderkloof, among others, were highly eutrophic. Aimost 30 of these surface water bodies had
a high presence of cyanobacteria blooms (blue-green algae) (Matthews & Bernard, 2015). When the
cyanobacteria cell dies, toxins called cyanotoxins are released into the water and these toxins may
persist for weeks and even months (Liang et al., 2018). If people eat cyanotoxins-contaminated
seafood or inhale the toxins while swimming, it can cause liver damage and skin problems. The
presence of blue-green algae degrades the water quality and further this may have an impact on
aquatic macroinvertebrates (Matthews & Bernard, 2015; Liang et al., 2018). A study conducted in Lake
Chaohu in China showed that the lake was eutrophic and sensitive aquatic macroinvertebrates
belonging to the families of ephemeroptera, plecoptera and trichoptera were affected the most by the
eutrophic water rather than the pollution tolerant species, such as oligochaeta and chironomidae

(Zhang et al., 2018).

Chlorides are highly mobile ions, which can also end up in the aquatic ecosystem. Chlorides are

leached from different rocks into soil and water through weathering (Karthika et al., 2018). These
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include sodium chloride and potassium chloride, which are extensively used in the production of
industrial chemicals, such as caustic soda and fertilisers (WHO-OECD, 2003). Chlorides may enter
aquatic ecosystems naturally or through anthropogenic sources, such as runoff containing road de-
icing salts, effluent from local industries and discharged irrigation water/runoff containing inorganic
fertilisers from farms (Ignatius & Rasmussen, 2016). Increased chloride concentrations can induce a
variety of ecological effects on the aquatic ecosystems, such as salinisation (the increase of salt
content) in streams. The high concentration levels of chloride in the water may increase electrical
conductivity levels in the water. Electrical conductivity and chloride are identified as good indicators of

ecological quality (Berger et al., 2017).

The increased salt content in water may affect the aquatic organisms in several different ways, such
as increasing physiological stress, affecting osmotic pressure, mortality and reproduction of aquatic
plants and animals (Cafiedo-Arguielles et al., 2013). Aquatic organisms need to maintain an internal
osmotic pressure relative to the environment they live in. This means that if the internal salinity is
higher than the external salinity, the organisms must use energy to maintain ions in their bodies and
exclude water. If the water is more saline than their internal salinity, they may have to either survive
with their higher internal salinity or use energy to rid ions and keep water (Cafiedo-Arguelles et al.,
2013). Chloride was identified as the most important factor favouring species invasions in nearly 70%

of the German rivers and streams investigated (Berger et al., 2017).

Water can contain a variety of different organic compounds of which the main element is carbon.
Organic compounds usually do not dissolve as ions but rather go into solution as molecules of the
compound. Organic compounds in water include algae and bacterial by-products; carbohydrates and
proteins; and synthetic organic compounds, such as pesticides and herbicides (WRC, 1998). Although
these compounds are usually present in very low concentrations, they may be harmful even at low

concentrations. Because it is not always possible to determine the concentration of each organic
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compound in water, an indication of the general organic quality in the water can be obtained by
determining the aggregate substances, such as total organic carbon (TOC), chemical oxygen demand

(COD) and trihalomethanes (THM) (WRC, 1998).

2.4.3 Microbiological properties

Microbiological properties include indicator organisms such as Escherichia coli (E. coli) and other
bacterial coliforms. Many types of microorganisms live in water and could cause fish, land animals
and humans to become ill. Serious diseases, such as cholera, shigellosis and campylobacteriosis,
come from microorganisms that live in water (Burgess & Pletschke, 2008; Epele et al., 2018).
Waterborne diseases are usually caused by enteric pathogens. Enteric pathogens are mainly
transmitted by the faecal-oral route; namely infected people excreting faeces that are carried in
faecally contaminated food or water and then ingested by other individuals. However, water also plays
a role in the transmission of pathogens, such as opportunistic pathogens, that are normal external

body flora and not faecally excreted (Burgess & Pletschke, 2008).

The assessment of microbiological quality of water is usually based on the test of indicator

microorganisms being present. An ideal indictor organism:

Should always be present when the pathogen is present and should be absent in

uncontaminated water;

e Should be present in numbers greater than the pathogen it indicates;

e Should have a survival in the environment and resistance to the treatment processes so that
itis comparable to that of pathogens;

e Should not be harmful to human health; should be easy to identify and to isolate; and should

be suitable for all types of water (Burgess & Pletschke, 2008); and
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e Indicator organisms are further influenced by other contaminants that are either dissolved or

suspended in the water (Lund et al., 2014; Liao et al., 2018).

One of the categories of indicator microorganisms is coliform bacteria. This group of bacteria is
commonly found in the environment, such as water, soil or vegetation as well as the intestinal tract of
humans and warm-blooded animals. The presence of coliform bacteria in water is thus an indication
of faecal contamination. Coliform bacteria are gram negative, non-sporing, rod shaped organisms,
which need organic carbon for growth (Guldhe et al., 2017). This group of bacteria include the group
of Escherichia, Citrobacter, Enterobacter and Klebsiella, all of which may end up in surface water as

part of storm water runoff, leached animal manure and improperly treated sewage (Kora et al., 2017).

The indicator organism Escherichia coli is used as an indicator for the presence of faeces of humans
and other warm-blooded animals in water (Liao et al., 2018). E. coli is a species within the thermo-
tolerant coliform group and is generally regarded as the most specific indicator of faecal contamination
(Lam et al., 2017). These bacteria are found in the environment, foods and intestines of humans and
animals (Garcia et al., 2017). Therefore, E. coli is used as an indicator organism of sewage or animal
waste contamination. Although most strains of E. coli are harmless, the E. coli 0157:H7 may cause

bloody diarrhoea and infections in the urinary tract and respiratory system (Liao et al., 2018).

2.5 Effects of polluted stream water

2.5.1 Effects of polluted stream water on humans

Polluted stream water poses serious health risks to humans. Although, most of the South African
streams are used extensively for recreational and irrigation purposes, homeless people may depend
on the stream water for their daily livelihood (Nyoh, 2015). When humans use polluted stream water
for recreational activities, such as swimming, they may accidentally ingest the contaminated water and

get infected with disease-causing pathogens. Water polluted with pathogenic microorganisms is
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responsible for causing infectious diseases, such as cholera, typhoid and dysentery, in humans (Zia
et al., 2013; Antonini et al., 2017). More than 2 million people die each year from these diseases that
are spread through drinking contaminated water (Rizo-Decelis et al., 2017; Ayandiran et al., 2018).

Surveillance data from the United States of America (USA) show that between 2009 and 2010, there
were about 24 water-based disease outbreaks related to swimming events and 11 of those outbreaks
were attributed to cyanobacterial toxins. Other outbreaks were attributed to microbial pathogens such
as Campylobacter jejuni, E. coli O157:H7, Shigella sonnei, Cryptosporidium spp., Giardia intestinalis,
norovirus and avian schistosomes, with the largest outbreak being due to norovirus (Fewtrell & Kay,
2015). Polluted water can also cause other water-based diseases, such as schistosomiasis, which are
spread through the ingestion of vegetables irrigated with contaminated water or by eating half-cooked
fish (Nyoh, 2015). Polluted water further causes water-related insect vectors, such as mosquitoes, to

breed in or near water and thus spread diseases such as dengue fever and malaria (Zia et al., 2013).

2.5.2 Effects of polluted stream water on the aquatic ecosystems

The effects of polluted stream water may cause the aquatic ecosystem to be unable to promote
ecological integrity. The ecological integrity is a measure of the health of an aquatic ecosystem to
support and maintain an integrated, adaptive community of organisms and their natural habitat
(DWAF, 1996a). Polluted stream water may give rise to effects, such as eutrophication, acidification
and salinization, all of which may threaten the aquatic organisms and the quality of their aquatic habitat
(Alemneh et al., 2017; Berger et al., 2017). These effects may act independently or coexist with other
threats, such as climate change, alien species and emerging contaminants (ECs) and human
activities, such as land use change, that wield complicated interactive responses and cause

synergistic effects (Peng et al., 2015; Milner et al., 2016; Rozman et al., 2018).
The following events are instances of the synergistic effects:
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e High temperatures as a result of global warming can speed up the eutrophication process and
continue to cause the growth of toxic algal blooms (Tanaka et al., 2016; Trang et al., 2017);

e  Water polluted with emerging contaminants may introduce endocrine disruptive diseases to
aquatic organisms (Berger et al., 2017); and

e Ahigh salt content in water may affect plants and cause reduced crop yield or crop quality if

they are irrigated with this contaminated water (Ding et al., 2016).

Some studies acknowledge that sometimes the effects of polluted water on specific components of
ecosystems are often indirect and thus too complex to understand. For example, certain species of
fish may disappear because the organisms that are its primary food source might be eliminated due
to changes in water quality properties, such as temperature, and not directly because of the health
conditions of the aquatic ecosystem (Cheng et al., 2018; Luo et al., 2018; Zhang et al., 2018). The
Index of Biological Integrity (IBI) and Qualitative Habitat Evaluation Index (QHEI), which were applied
to evaluate the health status of Keum-Ho river in South Korea, showed that the health conditions of
Keum-Ho river was poor. The poor conditions of Keum-Ho river were attributed to both chemical
contaminants and the modification of the habitat (An et al. cited in Singh & Saxena, 2018). A study in
Scotland reported that there were high correlations across 16 aquatic sampling sites, which were
grouped into four linked types of land use activities (i.e. semi-natural on the basis of no urban influence,
agriculture, urban and peri-urban). The strongest correlation was between the agriculture activities
and substantially high levels of dissolved nutrient and chemical concentrations in the Scottish streams

(Stutter & Cains, 2017).
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2.6 Assessment of water quality

In South Africa, the provision of good quality water and sanitation services to all is underpinned in the
Constitution. In Section 24 of the Bill of Rights in the Constitution, it is stated that everyone has the
right to an environment that is not harmful to their health or wellbeing (Hatchard, 1994). It is this
constitutional command that promoted the promulgation of water legislations, such as the National
Water Act (Act No. 36 of 1998) and the Water Services Act (Act No. 108 of 1997). The National Water
Act legislates and provides the framework for the way in which water resources must be protected,
used, developed, conserved, managed and controlled. The Department of Water and Sanitation, who
is the custodian of South Africa's water resources, has thus been mandated to ensure that the quality
of water resources remains fit for recognised water uses, and that the aquatic ecosystems are

protected and sustained.

Several international documents were used as background and supplementary information for the
development of the South African Water Quality Guidelines (DWAF, 1996¢). The main international
documents were:

e WHO, 1984. Guidelines for Drinking Water Quality. Volume 2: Health Criteria and Other
Supporting Information. World Health Organisation, Geneva;

e WHO, 1993. Guidelines for Drinking Water Quality. 2nd Edition, Volume 1;
Recommendations. World Health Organisation, Geneva;

e Australian Water Quality Guidelines for Domestic Supplies; and

e Canadian Drinking Water Guidelines.

The South African Water Quality Guidelines that were developed cover several water quality criteria.
These water quality criteria are used to guide the water quality assessment of a particular water use
type. These criteria are the Target Water Quality Range (TWQR), Chronic Effect Value (CEV) and
Acute Effect Value (AEV). The TWQR is the array of concentrations where no measurable negative

impacts are expected on the health of aquatic ecosystems. Thus, it is a protective measure to ensure

© Central University of Technology, Free State



(Q o,

Chapter 2: Literature Review Page |51

the continued health of aquatic ecosystems. The CEV is defined as the concentration or level of a
constituent at which measurable chronic effects in the aquatic community are expected. If a chronic
effect prevails over time and/or frequency, such an effect may lead to the eventual death of organisms
and the disappearance of sensitive species from aquatic ecosystems (DWAF, 1996¢). The AEV is
defined as the concentration or level of a constituent above which acute toxic effects in the aquatic
community are expected. If an acute chronic effect persists, even for a short while, or occurs at too
high a frequency, it may lead to the death and disappearance of sensitive species or communities

from aquatic ecosystems (DWAF, 1996¢).

The South African Water Quality Guidelines that were developed comprise of the following seven
volumes (DWAF, 1996c¢):

e Volume 1: South African Water Quality Guidelines Domestic Water Use;

e Volume 2: South African Water Quality Guidelines Recreational Water Use;

e Volume 3: South African Water Quality Guidelines Industrial Water Use;

o Volume 4: South African Water Quality Guidelines Agricultural Water Use: Irrigation;

e Volume 5: South African Water Quality Guidelines Agricultural Water Use: Livestock
Watering;

e Volume 6: South African Water Quality Guidelines Agricultural Water Use: Aquaculture;

e Volume 7: South African Water Quality Guidelines Aquatic Ecosystems.

2.6.1 Water quality index

Several indices are often employed to determine the overall quality of water through the calculation of
a single value index while taking the measurements of many water quality properties into account.
The indices include the US National Sanitation Foundation Water Quality Index (NSFWQI), Florida
Stream Water Quality Index (FWQI), British Columbia Water Quality Index (BCWQI), and the Oregon
Water Quality Index (OWQI) (Poonam et al., 2013). The Canadian Council of Ministers of the

Environment Water Quality Index (CCME-WQI) is applied to calculate the overall water quality by
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combining water quality data over more than one sampling round (Canadian Council of Ministers of
the Environment [CCME], 2017). The CCME-WQl is suitable for grading the quality of water by using
the five grades categorisation, which include ‘excellent, good, fair, marginal and poor’, for the different

index score values (CCME, 2017).

2.7 Assessment of emerging contaminants

The vast majority of emerging contaminants (ECs) are currently not assessed or regulated. A number
of ECs can be easily dissolved in water and transported through the water cycle with a high potential
to be a threat to aquatic organisms and humans. As a result, in recent years, multiple ECs have grown
substantially leading to an unknown amount of parent compounds and transformed products being
present in wastewater effluent, surface and groundwater and drinking water. Although, researchers
have shown an increased interest in monitoring ECs, there is still little agreement on the list of ECs
that should be monitored (Rodriguez-Narvaez et al., 2017). This makes the identification and
quantification of ECs in water or wastewater to be a major scientific task as it also requires highly

sophisticated analytical methodologies, which must be able to detect at levels of nano-grams per litre.

The main analytical tools, which are used in detecting the levels of compounds in nano-grams per
litre, include chromatography (either gas or liquid) joined to the mass spectrometry (MS). MS has been
associated with significant advantages, such as sensitivity, specificity and the capacity to accurately
identify and quantify contaminants in the surface water or wastewater (Inostroza et al., 2017). Other
analytical tools include capillary electrophoresis (CE), immuno-analytical techniques (IAT) or
microbiological assays (MA). CE is generally considered less sensitive, whilst IAT is highly limited for
simultaneous determination of different analytes, and MA is highly dependent on the nature of the
sample (Inostroza et al., 2017). In a study that was conducted in the River Holtemme, which stretches
over 47 km in the Bode catchment, Saxony-Anhalt in Germany, all 86 analytes belonging to different

classes of ECs, such as pesticides, pharmaceuticals and industrial chemicals, were found present
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using a 1260 Infinity LC system (Agilent) coupled to a QTrap 6500 MS (ABSciex) with a Turbo V ion

source (Inostroza et al., 2017).

Some countries have developed standards to regulate ECs that are found in surface water bodies. In
South Africa, there are no standards for ECs, as a result, the country relies on the use of standards
developed in other countries. The Water Framework Directive (WFD) published in 2000 is the main
European Water Policy Instrument for the protection of European waters and was aimed at achieving
good surface water chemical status (European Commission [EC], 2018). Furthermore, Decision
2455/2001 by the European Commission presented the first list of priority substances that were
considered to be the most dangerous for the aquatic environment. The Directive on Environmental
Quality Standards 2008/105 (known as the Priority Substances Directive; European Commission,
2008) set the quality standards for 33 priority substances and eight other pollutants that are persistent,
bio-accumulative and toxic (EC, 2018). For the first time, three pharmaceutical compounds (from oral
contraceptives to hormone medications) were included among the regulated substances in EU
countries. These substances included the endocrine disruptors such as 17 alpha-ethinylestradiol

(EE2), 17 beta-estradiol (E2) and diclofenac (EC, 2018).

2.8 Assessment of ecological water quality

It should be realised that every significant water resource in South Africa should be classified and the
resource quality objectives be determined according to the assigned class. The assessment and
conservation of the ecological integrity of aquatic ecosystems be legislated (South Africa, National
Water Act, 1998, s. 13, ss. 1) This classification system and resource quality objectives must take into
consideration the characteristics and quality of the water resource, in-stream and riparian habitat as
well as the characteristics and distribution of aquatic biota (South Africa, National Water Act, 1998, s.
13, ss. 3). In this regard, the national River Health Programme (RHP) plays a direct role in the

determination of the classes and resource quality objectives for river ecosystems. Ecological
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assessments of aquatic ecosystems must be undertaken (South Africa, Environment Conservation

Act, 1989, s. 18.1).

Stressors affecting aquatic ecosystem can lead to several effects occurring. The classification of these
effects is dependent on the possible direct and indirect implications they may have on the water
resources (Rossouw, 2011). Some stressors directly influence the biota in an adverse way and other
stressors may not be direct but they can still adversely affect aquatic ecosystem. An example of an
indirect effect is when cattle grazing in or near surface water resources cause increased soil erosion,
surface runoff and soil bulk density. A direct effect may involve disposal/discharge of agricultural waste
directly into the surface water body, thereby causing poor water quality that may negatively affect the

aquatic communities and/or human health (Malan et al., 2018).

Although many studies continue to provide stressor-specific effects and interactions, some
acknowledge that the experimental results might not adequately account for what is observed in
natural environments. Therefore, complex interactions may limit how far the experiments can resolve

the issues (Yang et al., 2018).

2.8.1 Aquatic macroinvertebrates as indicator organisms of ecological water
quality

Aquatic macroinvertebrates constitute an integral part of an aquatic ecosystem. These organisms
provide essential ecological services, which include cycling nutrients in the water and breaking down
organic matter (Zhang etal., 2018). Different species of aquatic macroinvertebrates respond differently
to changes in the physical-chemical properties of surface water bodies, both in time and location
(Pinna et al., 2017). Changes in water quality, as a result of various contaminants present in water,
affect their survival and reproduction (Lockerbie et al., 2016; Luo et al., 2018). Among the advantages,

aquatic macroinvertebrates are easy to collect and identify, making them suitable indicator organisms
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of ecosystem impairment and water pollution (Dalu et al., 2017; Pinna et al., 2017; Chai & Lha, 2018;

Steward et al., 2018).

The distribution of aquatic macroinvertebrates in the aquatic environment is influenced by various
factors. In more recent experimental studies on various aquatic macroinvertebrates, multiple
influences were accounted for. According to Martinez-Haro et al. (2015), it is difficult to study the
identification of single and combined stressors of aquatic macroinvertebrates due to many factors,

such as:

1. Hydrological changes — These changes are considered to influence the response of aquatic
macroinvertebrate communities. However, in other cases, the presence of contaminants in
the water was found to cause an intensified ecological threat (Martinez-Haro et al., 2015).

2. Stream flow patterns — In a similar study, a conclusion was drawn that variations in the flow
of the stream had a significant impact on the presence of aquatic macroinvertebrates rather
than the contaminants in the water (De Castro-Catala et al., 2015).

3. In another study, it was demonstrated that there is a harmful association between chemicals
and aquatic macroinvertebrates communities, in spite of stream flow variations. So aquatic
macroinvertebrates have shown to be susceptible to organic pollution and sensitive to
degradation of their habitat (Kalogianni et al., 2017).

4. Another study demonstrated that pollution from agricultural activities produces the most
severe effects in the streams, which eventually affect the distribution of aquatic

macroinvertebrates (Johnson et al., 2017).

Several biotic indices and scoring systems, based on the abundance of aquatic macroinvertebrate
families, have been developed to indicate the health status of a stream. The use of aquatic
macroinvertebrates as the means of measuring the health status of streams has driven various countries,
including the USA, Canada, Australia, South Africa and some countries in Europe, to develop simple and
rapid techniques that can be used to assess the health status of streams (Nyoh, 2015). Beck’s Biotic Index,
which was developed for streams in Florida (USA) in 1954, is considered as the first true biotic index. This

index was based on the tolerance of aquatic macroinvertebrates to slight organic pollution. Aquatic

© Central University of Technology, Free State



(Q o,

Chapter 2: Literature Review Page |56

macroinvertebrates that were known to be intolerant to organic pollution were classified as “Class |
organisms”, and those that were tolerant to moderate organic pollution were classified as “Class I
organisms” and thus separated from the rest of the sample. The final index value for a sampling site was
calculated by multiplying the number of species of Class | organisms by two, and then adding the number
of Class Il organisms. A single value was generated and if that value was greater than 10, it was an
indication of an unpolluted site. Values between 1 and 6 indicated moderately polluted sites (Ollis, 2005).
In the 1960s, Beck’s Biotic Index was modified further and the modified version is known as the Florida
Index (Fl). The Flis currently used as a metric in the multimetric Rapid Bioassessment Protocols (RBPS)

of the US EPA.

Since 1960, improved biotic indices have been developed as an aquatic macroinvertebrate based biotic
index. One common aquatic macroinvertebrate based biotic index, which was developed for and applied
to river assessments in South Africa, is the South African Scoring System (SASS) (Ollis, 2005). This index,
developed in 1994/95 and later modified in 1998 and again in 2002, adapted the Iberian Biological
Monitoring Working Party (IBMWP) scoring system that was previously known as the BMWP index (Ollis,
2005). The BMWP was developed and used in the United Kingdom (Ollis, 2005). The SASS is a rapid and
inexpensive technique used to demonstrate patterns in changes to the water quality over time. A list of
pre-defined taxa (mostly identified as aquatic families, such as the oligochaeta) have been allocated
sensitivity “scores” based on their sensitivity to pollution and disturbances (Ollis, 2005). These sensitivity
scores range from 1 (extremely pollution-tolerant) to 15 (extremely pollution-sensitive). With Version 4 of
the SASS, all biotopes are sampled together. However, with the modified SASS 5 (Version 5), aquatic
macroinvertebrate samples are collected separately from three different biotopes, which include stones in
and out of current; marginal and aquatic vegetation; and gravel, sand and mud biotopes. The collection is

done by kicking and sweeping samples using a net with a 1,000 ym mesh size.

After collection and enumerating the identified aquatic macroinvertebrate family samples for each biotope,

three principle indices are calculated. These principle indices include the SASS 5 Score, the Number of
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Taxa and Average Score per Taxon (ASPT), are calculated. The SASS 5 Score is the sum of the sensitivity
scores for all SASS taxa present, while ASPT is calculated by dividing the SASS 5 Score by the Number
of Taxa. The SASS 5 Score and ASPT are generally used together for the analysis and interpretation of
SASS data. The SASS is used extensively in other African countries, such as Zimbabwe, Swaziland and

Zambia (Ollis, 2005).

Another integral part for the assessment of the health status of the stream’s ecosystem is the measurement
of aquatic macroinvertebrate habitats. However, other countries use different approaches for their aquatic
macroinvertebrate Rapid Bioassessment Protocols (RBPs) for streams and rivers and therefore do
notinclude any form of habitat assessment. The multimetric approach involves the integration of a number
of structural and functional attributes of aquatic macroinvertebrate communities, known as metrics, which
are combined to form a composite index (Ollis, 2005). For example, the RBPs that was developed by
the US Environmental Protection Agency (US EPA) and used widely throughout the USA, such as the
Invertebrate Community Index (ICI) and the Benthic Integrated Biotic Index (B-IBI), are based on the

multimetric approach to bio-assessment.

In South Africa, the widely used invertebrate habitat assessment system is the Integrated Habitat
Assessment System (IHAS, Version 2) that was developed by McMillan in 1998 (cited in Ollis, 2005).
This system was developed to help with the interpretation of SASS scores since the quantity and quality
of aquatic macroinvertebrate habitats determines the diversity and composition of aquatic
macroinvertebrate families per habitat (Dickens & Graham, 2002). However, there was no correlation
between the SASS and IHAS scores for measurements taken in different rivers in the southern Western

Cape (Ollis, 2005; Olls et al. cited in Nyoh, 2015).

Another IHAS, named mIHAS, was modified by Nyoh (2015) and used in the Nyoh’ study. Contrary to the
IHAS developed by Ollis (2005), Nyoh (2015) included the measurements of physico-chemical properties,

such as pH and temperature, into the existing IHAS sheet to provide an accurate assessment of the
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conditions of the macroinvertebrate habitats. This was done because physical and chemical water quality
properties have a direct or indirect impact on aquatic macroinvertebrates as well as their habitats,
especially if the physical and chemical constituents are beyond the required limits. After the assessment
of physical and chemical properties, the measurements are compared with proposed Aquatic Water Quality
Limits for Urban Streams (AWQUS) and the aquatic habitat sites are then allocated specific scores for the

water conditions ranging from 5 (Ideal) to 0 (Unacceptable) (Nyoh, 2015).

The Index of Habitat Integrity (IHI) is also another tool applied to assess the severity of modifications on
aquatic macroinvertebrate habitats. These modifications include factors like water abstraction, flow
modification, bed modification, solid waste disposal and bank erosion (Dallas cited in Nyoh, 2015). To use
this field-based assessment tool, the assessor must be very high in confidence regarding their knowledge

of the site and catchment.

2.9 Conclusions

Many studies have shown that the quality of surface water resources is deteriorating and this is
exacerbated by a water scarcity that is driven by the growing demand for water. Various water-
polluting activities take place in water catchments that may compromise the natural ecosystems that
support human health and aquatic biodiversity. Pollutants consist of a wide range of substances, which
include chemicals derived from the natural environment or chemicals produced through human
activities. Although many polluting substance are relatively non-toxic, many are toxic, which may lead

to environmental deterioration and when ingested by humans and animals may lead to ill health.
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Chapter 3

Materials and Methods

3.1 Introduction

The study was conducted to assess the water quality in the Fonteinspruit stream in Mangaung, Free
State. Physical, chemical and microbiological properties of the stream were measured to determine
the water quality. In total, 13 water quality properties were assessed in water samples collected at the
12 water sampling sites. These properties included turbidity, electrical conductivity (EC), pH,
temperature, dissolved oxygen (DO), chemical oxygen demand (COD), nitrate (NO3°), ammonia (NH3),
phosphate (POs%), sulphate (SO42), total hardness, Escherichia coli (E. coli) and total coliforms. The
presence of emerging contaminants (ECs) in the stream was also determined. The concentrations of
ECs, including pharmaceutical analytes, such as carbamazepine, estrone, estradiol, 17a
ethynylestradiol, and one plasticizer, bisphenol A, as well as herbicide analytes, such as atrazine,
metolachlor and terbuthylazine, were measured in water samples collected at each of the water

sampling sites in the Fonteinspruit stream.

An ecological quality assessment was also carried out to determine the overall health status of the
Fonteinspruit stream. Aquatic macroinvertebrates were used as biological indicators for this bio-
assessment as they are affected by the physical, chemical and microbiological properties of the stream
(Dickens & Graham, 2002; Kuzmanovic et al., 2017). Aquatic macroinvertebrates were collected over
a wide area of the stream to ensure an acceptable representation of the various biotopes. These
biotopes included stones-in-current (SIC), and vegetation (VEG) as well as gravel, sand, and mud

(GSM).
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3.2 Study area

The study was conducted in the Fonteinspruit stream located in the Mangaung municipal area of
Bloemfontein. Fonteinspruit stream is approximately 4.5 km in length and drains an area of about 17
km2 (Pretorius et al., 2002). During the summer months from October to April, the rainfall is over 80%
of the total annual rainfall and it is primarily in the form of nocturnal thunderstorms. The summer water
runoff is thus relatively high and most of the discharge is in the form of storm flow (Pretorius et al.,
2002). This area is also characterised by rapid, largely uncontrolled, high-density housing
developments. The residential sections in this area include Erlich Park, Heidedal, Batho, Bochabela,
Phahameng, Hamilton, White City and several informal sections of Mangaung. The Fonteinspruit
stream joins the Bloemspruit stream downstream. The Bloemspruit stream then joins the
Renosterspruit stream, which finally flows into the Modder River on the outskirts of Bloemfontein

(Pretorius et al., 2002) .

3.3 Water sampling sites

A total of 12 water sampling sites within the Fonteinspruit stream were identified. These water
sampling sites were selected to represent the Fonteinspruit stream and were identified by the prefix
“F” and numbers from 1 to 12 to specify the different water sampling sites. Prefix “F” referred to the
Fonteinspruit stream and the number 1 indicated the water sampling site furthest upstream in the
stream, while the number 12 indicated the water sampling site furthest downstream, with the other
water sampling site numbers sequentially in-between. Water sampling site F1 was located close to
Rocklands, while water sampling site F12 was located close to the confluence point of the
Fonteinspruit stream and Bloemspruit stream. Figure 3.1 shows the water sampling sites in the

Fonteinspruit stream as well as some of the settlements in its vicinity.
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FONTEINSPRUIT, BLOEMFONETIN

SAMPLING SITES - REGIONAL SOI
DRG NO; 33304-10

Figure 3.1 Study area of the Fonteinspruit stream and identified water sampling sites surrounded

by settlements.

Each of the water sampling sites was chosen because of its potential to contribute to an understanding
of the extent of the pollution in the Fonteinspruit stream. For all the water sampling sites, a range of
supplementary data was recorded, which included the coordinates and a description of the
environmental conditions at the water sampling site as well as the reason why the water sampling site
was selected. The GPS coordinates of the water sampling sites were determined with a Garmin GPS
60CSx. Table 3.1 provides the coordinates and the motivation for choosing each of the 12 water

sampling sites selected for the project.
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3.4 Data collection period

The collection of water samples at the 12 water sampling sites in the Fonteinspruit stream was done

as follows:

1. Round 1 of water sampling was conducted on the 29" of June 2018, during the winter season.

2. Round 2 of water sampling was conducted on the 8™ of August 2018, during the winter
season.

3. Round 3 of water sampling was conducted on the 19t of February 2019, during the summer

season.
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Table 3.1 Water sampling sites, coordinates, description and motivation for choice of site.
Sampling site  Coordinates Site description Motivation for choice of the water sampling site
F1 S29.16825  The drainage area that channels the water ~ The water sampling site was sampled to isolate the impact of
E 026.23394  from Rocklands location into the stream. pollutants received from Rocklands location (North eastern).
F2 S29.16812  The drainage area that channels the water ~ The water sampling site was sampled to isolate the impact of
E 026.23298  from a different section of Rocklands location  pollutants received from Rocklands location (North).
into the stream.
F3 S29.16640  The drainage area that channels the water ~ The water sampling site was sampled to isolate the impact of
E 026.23302  from Hamilton industrial area into the stream. pollutants received from Hamilton industrial area.
F4 S29.16632  The confluence point of water streaming in  The water sampling site was sampled to determine the impact level
E 026.23304 from the Rocklands sections and Hamilton  of pollutants received from the Rocklands sections and Hamilton
Industrial area. industrial area.
F5 S29.11173  Partofthe Fonteinspruit stream adjacenttothe ~ The water sampling site was sampled to assess the change in water
E026.31326  cemetery. quality properties of the stream after the confluence of water from
the Rocklands sections and Hamilton industrial area.
F6 S29.15610  The inflow point of the Blou dam The water sampling site was sampled to assess the impact of
E 026.22635 pollutants before the Blou dam receives water from various

locations including the drainage areas.
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F7 S29.15269  The outflow point of the Blou dam The water sampling site was sampled to assess the impact of
E 026.23000 pollutants after the Blou dam discharges the outflow into the stream.
F8 S 29.14351 Part of the Fonteinspruit stream located along ~ The water sampling site was sampled to assess the change in water
E 026.22787  the Bochabela area. quality properties of the stream after the discharge of water from the
Blou dam.
F9 S29.13176  The drainage area that channels the water ~ The water sampling site was sampled to isolate the impact of
E 026.23670  from Batho location into the stream. The siteis  pollutants received from Batho location.
adjacentto a car wash facility and a local clinic.
F10 S29.13033  Part of the Fonteinspruit stream located  The water sampling site was sampled to determine the impact level
E 026.24135  adjacent to the Heidedal informal settlements.  of pollutants received from Batho location and the informal
settlement adjacent to Heidedal.
F11 S 29.06079 Part of the Fonteinspruit stream located nextto ~ The water sampling site was sampled to assess the change in water
E 026.20598  the Oos-Einde informal settlements. quality properties along the stream.
F12 S 29.12651 The water sampling site is located close to the ~ The water sampling site was sampled to determine the impact level
E 026.25139  Bloemspruit stream. of pollutants before the confluence of the Fonteinspruit stream and

Bloemspruit stream.
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3.5 Study design

The study design illustrates the flow of the various phases undertaken in this study. The study
comprised of four phases (Figure 3.2). Phase 1 involved scouting and identifying the 12 water
sampling sites in the Fonteinspruit stream. Phase 2 involved the collection of water samples at the 12
water sampling sites, while Phase 3 involved the assessment of the water quality properties and the
presence of emerging contaminants as well as the assessment of the ecological quality of the
Fonteinspruit stream. Water quality was assessed in terms of physical, chemical and microbiological
properties in water samples collected at the 12 water sampling sites in the Fonteinspruit stream, over
three water sampling rounds. The CCME-WQI was calculated to grade the quality of water using the
five grades categorisation, which include ‘excellent, good, fair, marginal and poor’, for the different

index score values (CCME, 2017).

Various groups of emerging contaminants, which included pharmaceuticals, endocrine disruptors,
plasticizers and herbicides, were assessed in the water samples collected at each of the 12 water
sampling sites during one of the water sampling rounds. For the ecological quality assessment, aquatic
macroinvertebrates were assessed in the water samples collected in stones-in-current (SIC),
vegetation (VEG), and gravel, sand and mud (GSM) biotopes at the 12 water sampling sites during
one of the water sampling rounds. Phase 4 included the analyses of the water quality property
measurements and emerging contaminants measurements as well as the ecological quality
measurements. Once all the analyses were completed, conclusions about the extent of the pollution

in the Fonteinspruit stream could be reached.
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Phase 1: Identify Water Sampling Sites
Scouting and
Identification Water sampling sites were scouted and 12 were selected in the Fonteinspruit stream, which is one of the tributaries of the Modder River
Sampling
Sampling was conducted in different series, namely: Series 1, 2, and 3
Phase 2:
Sampling v
Series 1 (Water quality) Series 2 (Emerging contaminants) Series 3 (Ecological quality)
12 water sampling sites 12 water sampling sites 12 water sampling sites
3 water sampling rounds 1 water sampling round 1 water sampling round
|
Pharmaceutical Herbicide
Physical Chemical ECs ECs
n‘ . . " rt‘
properties Mlcroblok?glcal properties Carbamazepine, » Ecological quali
properties Plasticizer atrazine, Ecological guality
Phase 3 Electrical Nitrate, EC . X
conductivity Total ool ammonia Estrone, ECs Aquatic macroinvertebrates were
Assessment ! otal coliforms ! metolachlor collected from stones, vegetation,
temperature, inhi i slphate, Estradiol, and Bisphenol A ravel, sand and mud biotopes
pH, turbidity Escherichia. col phosphate and and gravel P
and DO total hardness 17a
ethynylestradiol terbuthylazine
Y
DATA ANALYSIS AND CONCLUSION
Phase 4
Analysis The data was analysed and conclusion made.
Figure 3.2 Flow diagram of the study design of the project.

3.6 Water quality assessment

For this study, various water sampling and analytical methods were employed to assess the water

quality in the Fonteinspruit stream. Some of the measurements were taken directly on-site, whereas

other measurements were performed in various laboratories. The measurements of the chemical

water properties were performed at the Central University of Technology, Free State, while the

measurements of the microbiological water quality properties were performed at the accredited

laboratory, Test It Lab, Free State. In contrast, the measurements of most of the physical water quality

properties were carried out on-site.
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3.6.1 Measurement of physical properties

In this study, the physical water quality properties, namely turbidity, EC, pH, temperature and DO,
were measured on-site. The measurements of these physical water quality properties were
determined using the HQ40d multi-meter and the portable turbidity meter 2100Q. The HQ40d
handheld multi-meter was used to measure EC, pH, temperature and DO, while the 2100Q Portable
turbidity meter was used to measure turbidity (Figure 3.3). These apparatuses and probes were

calibrated in the laboratory before the measurements were undertaken.

Figure 3.3 Apparatuses used for the measurement of physical water quality properties a. HQ40d
handheld multi-meter b. 2100Q Portable turbidity meter.

Calibration of electrical conductivity, pH and dissolved oxygen probes

Before the initial use of the EC, pH, and DO probes, they were calibrated to ensure the highest level

of accuracy in the following manner:

1. The HQ40d handheld multi-meter was switched on and the appropriate probe connected to

the probe port for one of the three water quality properties, i.e. EC, pH, and DO.
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2. Each probe uses a different type of calibration solution.

3. After each probe was connected to the probe connection port of the HQ40d handheld multi-
meter, the probe was then rinsed with deionised water and dried with a lint-free cloth.

4. Each probe was placed in a beaker containing the appropriate calibration solution.

5. For the calibration of EC, the EC standard solution was poured into a beaker, the probe was
placed in the beaker and the read-button was pushed to obtain the readings.

6. For pH, the solution cap that contains a storage solution to help preserve the life of the probe
was removed and the probe was rinsed with distilled water to ensure the correct readings
were obtained.

7. For the calibration of DO, the water-saturated air (100%) calibration procedure was applied.

8. The probe was connected to the meter and calibration button was pushed.

9. The probe was rinsed with deionised water and dried with a lint-free cloth.

10. Thereafter, the reagent water (approximately 6.4 mm) was added to a narrow-neck bottle.

11. The stopper was put in the bottle and the bottle was shaken vigorously for approximately 30
seconds to saturate the entrapped air with water.

12. The contents were allowed up to 30 minutes to equilibrate to room temperature.

13. The probe was put in the bottle and the read button pushed until the reading stabilised to

show the standard value.

Calibration of Hach 2100Q turbidity meter

The Hach 2100Q turbidity instrument was calibrated in the laboratory using the calibration standards

in the following manner:

Four cells containing stable liquid calibration standards, 10 NTU, 20 NTU, 80 NTU and 200
NTU (NTU = nephelometric turbidity units) were shaken vigorously for about 10 seconds.
Each cell containing stable liquid calibration standards was allowed to sit for five minutes to
allow the bubbles to fade before it was used.

Each calibration standard cell was then wiped with a clean cloth before being inserted into the
cell compartment of the Hach 2100Q turbidity meter.

The orientation mark on the standard cell was aligned with the orientation mark on the cell

compartment.
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5.

After closing the lid of the cell compartment, the read-button was pressed to verify the

calibration details recorded in NTU for each liquid calibration standard.

Measurements of Turbidity

Measurements of turbidity were obtained using the turbidity measurement procedure in the following

manner:

The water taken from a particular water sampling site was poured into a sample cell up to the
orientation mark on the sample cell.

Thereafter, the sample cell was wiped with a soft, lint-free cloth to remove water spots and
fingerprints.

The Hach 2100Q turbidity instrument was placed on a flat, sturdy surface and switched on.
The sample cell, containing the water sample, was then inserted into the instrument cell
compartment and aligned up with the markings on the cell compartment.

After closing the lid, the read-button was pressed and the turbidity reading recorded.

Measurements of electrical conductivity, pH, temperature and dissolved oxygen

The measurements of EC, pH, temperature and DO were obtained using the handheld HQ40d multi-

meter in the following manner:

3.6.2

Specific probes were connected to the HQ40d multi-meter connection probe ports for the
measurement of EC, pH, and DO.

Each particular probe was then rinsed with deionized water and dried with a lint-free cloth.
Each probe was inserted into the water at the identified water sampling site.

Thereafter, the specific read-button was pressed and the reading for each of the measured
physical water quality properties was recorded.

For temperature, the reading was taken from the screen of the handheld HQ40d multi-meter.

Measurement of chemical properties

For chemical properties, water samples were collected in 500 mL plastic bottles and preserved in a

cooler-box filled with ice for later laboratory analysis. For COD measurements, the water samples
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were analysed at the accredited laboratory, Test It Lab, Free State. The measurements of nitrate,
ammonia, sulphate and total hardness were obtained using a DR3900 spectrophotometer instrument

(Figure 3.4). The concentration of phosphate was measured with a DRB200 reactor.

Figure 3.4 DR3900 spectrophotometer for the measurement of nitrate, ammonia, sulphate and

total hardness.

Measurements of nitrate
Measurements of nitrate were obtained using the DR3900 spectrophotometer instrument in the

following manner:

1. The program 355 N, nitrate HR PP was selected from the ‘Stored Programs’ in the main menu
of the DR3900 spectrophotometer.

2. A sample cell was filled with 10 mL of a specific water sample.

3. The contents of one nitraVer 5 nitrate reagent powder pillow were added to the sample cell
containing the water sample.

4. A stopper was placed on the sample cell and the sample cell was shaken vigorously for two
minutes.

5. The sample solution was allowed about five minutes of reaction time, after which the solution

changed to an amber colour.

A blank cell was prepared by filling a second sample cell with 10 mL of the water sample.

After wiping the blank cell clean, it was inserted into the cell compartment holder.

The zero-button of the DR3900 spectrophotometer was then pushed,

© © N 2

Once the display showed 0.00 mg/L, the prepared sample cell was cleaned and inserted into

the cell compartment holder.
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10. The read-button was pushed and the concentration of nitrate was recorded.

Measurements of ammonia

Measurements of ammonia were obtained using the DR3900 spectrophotometer instrument in the

following manner:

10.
11.

12.

The program 385 N, ammonia, salic was selected from the ‘Stored Programs’ in the main
menu of the DR3900 spectrophotometer.

A blank sample was prepared by filling a sample cell with 10 mL of deionized water.

The contents of one ammonia salicylate powder pillow were added to the sample cell
containing the 10 mL of deionized water.

After the stopper was put on the sample cell and then shaken vigorously, the DR3900
spectrophotometer timer was set on three minutes to allow the reaction process to take place.
For the prepared sample, a second sample cell was filled with 10 mL of a specific water
sample.

The contents of one ammonia cyanurate powder pillow were added to the sample cell
containing the 10 mL of water sample.

After the sample cell was capped, it was shaken for about two minutes to allow the reagent to
dissolve.

This reaction process took about 15 minutes and the solution changed to a green colour.
After wiping the blank sample cell, it was inserted into the cell compartment holder.

The zero-button of the DR3900 spectrophotometer was then pushed.

Within one minute of the display showing 0.00 mg/L, the prepared sample cell was cleaned
and inserted into the cell holder.

The read-button was pushed and the concentration of ammonia was recorded.

Measurements of phosphate

Measurements of phosphate were obtained using the DRB200 reactor instrument in the following

manner:

The DRB200 reactor was switched on and preheated to 150°C.
The barcode programme for measuring phosphate was selected from the main menu of the
DRB200 reactor instrument.

5.0 mL of a specific water sample was poured into a test vial.

© Central University of Technology, Free State



(Q o,

Chapter 3: Materials and Methods Page |72

10.

1.
12.

The contents of one potassium persulfate powder pillow for phosphate were then added to
the test vial containing the water sample.

The test vial was then capped and shaken to dissolve the powder.

The test vial was then inserted into the reactor and left for 30 minutes so that the content in
the vial could react.

After the 30 minutes of reaction time had expired, the vial was removed from the reactor and
put on the test-tube rack to cool to room temperature.

Thereafter 2 mL of 1.54 N sodium hydroxide standard solution were added to the test vial,
capped and inverted to mix.

The test vial was cleaned with a soft cloth and inserted into the 16 mm cell holder of the
DRB200 reactor instrument.

The zero-button of the instrument was then pushed and once the display showed 0.00 mg/L,
the contents of one phosVer 3 powder pillow were added to the test vial.

The test vial was capped and shaken for 20-30 seconds to mix.

After waiting two minutes for the reaction time to expire, the phosphate concentration was

recorded within eight minutes of the timer going off.

Measurements of sulphate

Measurements of sulphate were obtained using the DR3900 spectrophotometer instrument in the

following manner:

The program 680 sulphate was selected from the ‘Stored Programs’ in the main menu of the
DR3900 spectrophotometer instrument.

A blank sample was prepared by filling a sample cell with 10 mL of a specific water sample.
After wiping the blank sample cell, it was inserted into the cell holder.

The zero-button of the DR3900 spectrophotometer instrument was pushed so that the display
showed 0.00 mg/L.

For the prepared sample, the contents of one sulfaVer 4 reagent powder pillow were added
to the sample cell containing the 10 mL of water sample.

A stopper was placed on the sample cell and shaken vigorously for two minutes to allow the
powder to mix.

The solution was allowed three minutes for the reaction process to take place and, if sulphate

was present, the solution changed to a cloudy colour.
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8.
9.

Thereafter, the prepared sample cell was wiped and inserted into the cell compartment holder.

The read-button was pushed and the concentration of sulphate was recorded.

Measurements of total hardness

Measurements of total hardness were obtained using the DR3900 spectrophotometer instrument in

the following manner:

10.

11.

The program 225 hardness, Mg was selected from the ‘Stored Programs’ in the main menu
of the DR3900 spectrophotometer instrument.

A 100 mL of a specific water sample was poured into a 100 mL graduated mixing cylinder.
After a 1.0 mL dropper was used to add 1.0 mL of calcium and magnesium indicator solution
into the mixing cylinder, it was capped and inverted several times.

Then another 1.0 mL dropper was used to add 1.0 mL of alkali solution for calcium and
magnesium, the stopper was put back on the cylinder and again inverted several times.
Thereafter, 10 mL of the total solution were poured into each of the three sample cells.

For the blank sample, which was the first sample cell, one drop of EDTA solution was added
and swirled to mix.

The zero-button of the DR3900 spectrophotometer instrument was pushed and the display
showed 0.00 mg/L.

For the magnesium sample, which was the second sample cell, one drop of EGTA solution
was added and swirled to mix.

After the prepared sample cell was wiped, it was inserted into the cell compartment holder
and the read-button was pushed to obtain the concentration of magnesium.

After the concentration of magnesium was recorded, the magnesium program was exited and
the program 220 for the concentration measurement of calcium was selected from the ‘Stored
Programs’ in the main menu.

Thereafter, the third sample cell for calcium concentration measurement was inserted into the
cell compartment holder, the read-button was pushed and the concentration of calcium was

recorded.
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3.6.3 Measurement of microbiological properties

The total counts for the microbial organisms E. coli and coliform bacteria were performed at the
accredited laboratory, Test It Lab, Free State. The measurements were obtained using The IDEXX
(Colilert18) Quanti-Tray™ method. The IDEXX (Colilert18) Quanti-Tray™ method is a
biotechnological detection approach, which uses the multi-well most probable number (MPN). The
Colilert18 test uses proprietary Defined Substrate Technology (DST) nutrient indicators 6-nitrophenyl-
B-D-galactopyranoside (ONPG) and 4-methylumbelliferylB-D-glucuronide (MUG) to detect coliforms
and E. coli. Coliforms use the enzyme called -galactosidase to metabolise ONPG and change it from
colourless to yellow in colour. E. coli uses the enzyme called B-glucuronidase to metabolise MUG and
the result is a blue fluorescence. The incubation takes place at 37°C for 18 to 22 hours. The MPN is
calculated from the number of positive wells. The manufacturer’s instructions for the Colilert®-18 were

followed in this way:

1. One pack of Colilert 18 medium was added to a 100 mL water sample and was gently shaken
to dissolve.

2. The 100 mL reagent mixture was poured into the Quanti-Tray®2000 and sealed in an IDEXX
Quanti-Tray Sealer.

3. The sealed trays were then incubated for 18 to 22 hours at 37°C.

The number of colony forming units (cfu) of total coliform bacteria and E. coli present in the 100 mL of
a water sample was determined using the Quanti-Tray®2000 Most Probable Number (MPN) table in

the following manner:

1. For the total coliform bacterial count, the number of large yellow wells was matched against
the number of small yellow wells. For example, if after incubation, 14 large wells and 15 small
wells were counted, the counted wells were matched together to provide the CFU of 29 as
demonstrated in Figure 3.5.

2. For E. coli bacterial count, the number of large fluorescent blue wells was matched against

the number of small fluorescent blue wells. For example, if after incubation, seven large wells
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and nine small well were counted, the counted wells were matched together to provide the
CFU of 16 as shown in Figure 3.5.

3. The results for both the total coliform bacterial count and E. coli bacterial count were then

recorded.
Large wells Small wells
123456789101112131415.....48
1
2
3
MPN result for E.
4
5 coli
-
6
16
8
9
10
11
12
13 v 29
14 >
15
MPN result for total
coliforms
48

Figure 3.5 Example of the Colilert 97 MPN table used to match the counted large and small wells

of E. coli and total coliforms.

3.6.4 Statistical analysis of water quality

Microsoft Excel was used for the statistical analyses of the water quality measurements of the
respective water quality properties. Summary statistics were calculated for all the water quality
properties and included the calculation of the means, ranges and percentage compliance. A one-way
analysis of variance (ANOVA) was performed to determine whether any statistically significant

differences existed between the means of the three independent water sampling rounds and a one-
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way analysis of variance (ANOVA) was performed for each of the water quality properties. In instances
where an ANOVA test produced significant results, a Tukey Honest Significant Difference post-hoc
test was performed to determine which of the water sampling rounds were significantly different from

one another.

3.6.5 Calculation of Water Quality Index

A water quality index was calculated to provide an overall description of the water quality at a particular
water sampling site. This index used several water quality measurements to calculate a single value
description of water quality. The Canadian Council of Ministers of the Environmental Water Quality
Index (CCME-WQI) was selected because measurements from multiple rounds could be used to
calculate the index (CCME, 2017). In the calculation of the CCME-WQI, three elements were
incorporated: F1, the scope, which referred to the number of parameters not meeting water quality
guidelines; F2, the frequency, which is the number of times these guidelines were not met; and F3,
the amplitude, which referred to the amount by which the guidelines were not met (CCME, 2017).

CCME-WQI was calculated using the following formulas:

1. Calculation of the scope F1, which represents the percentage of parameters that exceeded

the standard limit;

F1 _ (Number of failed parameters) % 100 (1)

Total number of parameters
2. Calculation of the frequency F2, which represents the percentage of individual tests or

measurements that exceeded the standard limit:

Fz _ ( Numberofmeasurements )X 100 (2)

Totalnumberofmeasurements

3. Calculation of the amplitude F3, which measures the extent by which failed test values exceed

the guideline:

© Central University of Technology, Free State



(Q o,

Chapter 3: Materials and Methods Page |77

a) An excursion for each failed measurement is calculated in the following manner:

- Where the measurement must not exceed the guideline

Excursion: = (Failed measurements) 1 (3)
L Limit of property

- Where the measurement must not fall below the guideline

Limit of property ) 1 (4)

Excursion; = (
t Failed measuremnts

b) The normalised sum of excursion (nse) is calculated as follows:

Y Excursion i

nse= ¥, Measurements j (5)
c) Calculation of F3, which represents the amplitude:
_ nse
Fz = (0.01nse+0.01) (6)

After the three elements were obtained, the CCME-WQI was calculated in the following manner:

CCME-wQl= 100 —JF12+FZZ+F32

1.732 (7)

Once a CCME-WQI value had been calculated, the CCME-WQI was used to grade the status of the
water. Therefore, after the CCME-WQI value was calculated for a particular water sample of a specific
water sampling site, the water sample quality was rated according to the CCME-WQI categorisation

schema, which is presented in Table 3.2.

Table 3.2 CCME-WQI categorisation schema (CCME, 2017).

Rank WQIl value  Description

Water quality is protected with a virtual absence of threat or

Excellent =95-100 . "™ . " - ]
impairment; conditions very close to natural or pristine levels;
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Rank WQl value Description

Water quality is protected with only a minor degree of threat
Good =80-<95 orimpairment; conditions rarely depart from natural or
desirable levels

Water quality is usually protected but occasionally threatened
Fair =65-<80 orimpaired; conditions sometimes depart from natural or
desirable levels

Water quality is usually protected but occasionally threatened
Marginal 245-<65 orimpaired; conditions sometimes depart from natural or
desirable levels

Water quality is almost always threatened or impaired;

Poor 0-<45 conditions usually depart from natural or desirable levels

3.7 Emerging contaminant assessment

The content of several ECs were assessed in water samples collected at the 12 water sampling sites
in the Fonteinspruit stream over a single water sampling round. These included pharmaceutical
analytes, such as carbamazepine, estrone, estradiol, 17a ethynylestradiol, and one plasticizer,
bisphenol A, as well as herbicide analytes, such as atrazine, metolachlor and terbuthylazine. The
assessment was performed concurrently with the water quality and ecological quality assessments
during the third round of water sampling. Water samples were collected using 1L glass bottles at each
of the 12 water sampling sites by lowering the bottle approximately 10 cm into the water approximately
one metre from the embankment. All water samples were then taken to the University of Free State in

Bloemfontein for analysis within 12 hours of sampling.

3.7.1 Emerging contaminant sample preparation

The preparation of water samples was carried out in the following manner:

1. Water samples were poured from the 1L bottle into 500 mL bottles.
2. Internal standards (positive mode: atrazine-D5 and negative mode: bisphenol A-D16) were

added to the 500 mL water samples, respectively.
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3. The mixed samples were then filtered through glass fiber filters at the flow rate of SmL/min
and concentrated onto methanol conditioned C18 6 mL solid phase extraction cartridges
(Strata, Phenomenex).

4. The bound analytes were slowly washed off the dried cartridges using 2 mL methanol followed
by 2 mL ethyl acetate.

5. Thewashed off liquid solvent was dried with a vacuum concentrator (Thermo Scientific Savant
Speedvac) until almost dry and then reconstituted in 1 mL H20, which contained 10 mM

ammonium acetate.

3.7.2 Emerging contaminant sample analysis

For the presence of ECs in the water samples, the water samples were analysed using an AB SCIEX
4000 QTRAP hybrid triple quadrupole/ion trap mass spectrophotometer with a Shimadzu HPLC stack
as a front end. All the concentration measurements and processing were performed using Analyst 1.5

(AB SCIEX) software.

3.8 Ecological water quality assessment

For this study, water samples collected at the 12 water sampling sites in the Fonteinspruit stream were
assessed to determine the health status of the stream. Aquatic macroinvertebrates were used as
indicators for this bio-assessment (Dickens & Graham, 2002). Aquatic macroinvertebrates were
collected from the biotopes, such as stones (S), vegetation (VEG) and gravel, sand and mud (GSM)
over one water sampling round. The assessment was performed concurrently with the water quality
and emerging contaminant assessments during the third round of assessment. Stones biotopes
included the stones-in-current and out of current, such as bedrock and any solid material of 2 — 25 cm
average size. The vegetation biotopes included all the plant life hanging and growing in and at the
edge of the stream. Approximately, two metres of vegetation were sampled. For gravel, sand and mud
biotopes, the water sampling was carried out for approximately one minute, depending on the available

biotope. The aquatic macroinvertebrates were collected using a soft 2 mm mesh net on a 30 cm
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square frame, over a wide area, to ensure that all the biotopes were fully represented. The collection

was done in the following manner:
Aquatic macroinvertebrate collection from the stones biotopes

1. The net was placed downstream of the stones to allow the water flow to carry the dislodged
aquatic macroinvertebrate into the net.

2. The stones were kicked and turned for approximately two minutes and the net was swept
through the disturbed area. Where the stones were difficult to move, the water sampling was
then carried out for up to a maximum of five minutes.

3. The collected aquatic macroinvertebrate samples both in and out of current were combined

into a single stones biotope sample.

Aquatic macroinvertebrate collection from the vegetation biotopes

1. The net was spread over one or more locations, particularly, where there was vegetation,
such as reeds and grass.

2. The net was kept below and swept vigorously through the vegetation in order to allow
dislodged aquatic macroinvertebrates to be caught into the net.

3. The collected samples both in and out of current were combined into a single vegetation

biotope sample.

Macroinvertebrate collection from the gravel, sand and mud biotopes

1. The gravel, sand and mud biotopes were stirred by shuffling and scraping with the feet.

2. The net was then swept over a wide range of the disturbed area to allow dislodged aquatic
macroinvertebrates to be caught in the net.

3. The collected samples both in and out of current were combined into a single gravel, sand

and mud (GSM) biotope sample.
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3.8.1 Aquatic macroinvertebrate sample preparation and preservation

The aquatic macroinvertebrate samples were prepared and preserved in the following manner:

1. Once the collection of the aquatic macroinvertebrate samples was done, the samples were
washed down to the bottom of the net, and the water was allowed to drain out.

2. The samples were put into separate containers clearly marked according to the names of the
water sampling site and the sampled biotope.

3. Large obstructing leaves, stones and unwanted debris were removed and then sufficient water
to immerse the sample was added to those containers.

4. Samples were placed immediately into 2 L clean lidded containers and preserved in a cooler-

box containing ice-packs for later laboratory identification.

3.8.2 Aquatic macroinvertebrate sample analysis

Aquatic macroinvertebrate samples were analysed in the following manner:

1. Aquatic macroinvertebrate samples were drained with clean water in to a tray and allowed to
warm up to room temperature.

2. The South African Scoring System version 5 sheet was used to compare the identified aquatic
macroinvertebrate families.

3. The sheet contains a list of the different families and their sensitivity scores (SASS score)
based on their susceptibility and resistance to pollution conditions.

4. 1-5 SASS scores indicate highly tolerant to pollution, 6 — 10 moderately tolerant to pollution
and 11 - 15 shows very low tolerance to pollution.

5. The viewing and identification of different aquatic macroinvertebrate families was done for 15
minutes per biotope.

6. In instances where it was difficult to identify the aquatic macroinvertebrate families, the
analysis was limited to five minutes. A magnifying lens was used to check the features of the
possible identified macroinvertebrate families.

7. The aquatic macroinvertebrate families that were identified were ticked off under the
appropriate biotope section before the three biotope columns were combined into a single

total column.
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3.8.3 Calculation of aquatic macroinvertebrate data

Three main indices were calculated for the 12 water sampling sites in the Fonteinspruit stream. The
indices included the number of families identified (= No. Taxa), summing the sensitivity scores of the
various aquatic macroinvertebrate families recorded on the SASS 5 scoring sheet (= SASS Score)
and dividing the SASS Score by the number of aquatic macroinvertebrate families (= ASPT — Average

Score per Taxon).

3.8.4 Interpretation of aquatic macroinvertebrate data

Presently, there is no definitive reference that gives impartial guidance on the interpretation of SASS
data. However, the SASS data becomes important when it is assessed together with various factors,
such as the habitat quantity, quality and diversity (Dickens & Graham, 2002). For this study, the
Biological Bands and Ecological categories for Highveld — lower Ecoregion modelled reference
(Dallas, 2007) were used to classify the SASS Score and ASPT values of each of the 12 water
sampling sites. This classification outlines the least or unmodified natural habitat sites to the critically
modified sites. For example, a water sampling site would fall in Biological Band A if the SASS score
is > 124 or ASPT is > 5.6. The Biological Band and Ecological categories for interpreting the SASS

data are given in Table 3.3.

Table 3.3 Modelled reference conditions for the Highveld — lower Ecoregion based on SASS 5
and ASPT scores (Dallas, 2007).

Biological
SASS score ASPT Band/Ecological Condition
Categories
>124 >5.6 A Unimpaired, high diversity of

taxa with high sensitivity
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Biological
SASS score ASPT Band/Ecological Condition

Categories

>83-124 48-56 B Slightly impaired, high diversity

of taxa, but with few sensitive

taxa
=65-82 46-4.8 C Moderately impaired, moderate

diversity of taxa

=52-65 42-46 D Considerably impaired, most
tolerant taxa present

=>30-51 <42 E Severely impaired, only tolerant
taxa present

<30 <42 F Critically impaired, few tolerant
taxa present

3.9 Conclusion

Water samples were collected to measure the physical, chemical and microbiological water quality
properties at the 12 water sampling sites in the Fonteinspruit stream. The physical water quality
properties, namely turbidity, EC, pH, temperature and DO, were measured on-site. For chemical
properties, water samples were collected in 500 mL plastic bottles and preserved in a cooler-box filled
with ice for later laboratory analysis. The total counts for the microbial organisms E. coli and coliform
bacteria were performed at the accredited laboratory. The Canadian Council of Ministers of the
Environmental Water Quality Index (CCME-WQI) was calculated to provide an overall description of
the water quality at a particular water sampling site. The assessment of emerging contaminants was
performed concurrently with the water quality and ecological quality assessments. For ecological water
quality, aquatic macroinvertebrates were used as indicators for this bio-assessment during the third

round of assessment.
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Chapter 4

Results of Water Quality in the Fonteinspruit Stream

4.1 Introduction

The physical, chemical and microbiological properties of water were determined for the water samples
collected at the 12 water sampling sites in the Fonteinspruit stream over three water sampling rounds.
A total of 13 water quality properties were assessed, which were electrical conductivity (EC), pH,
turbidity, temperature, dissolved oxygen (DO), chemical oxygen demand (COD), ammonia, nitrate,

sulphate, phosphate, total hardness and the number of Escherichia coli (E. coli) and coliform bacteria.

The compliance of the water quality measurements was compared with two different sets of
compliance standards. The physical and chemical water quality measurements were compared with
the standards of the European Union Surface Water Directives (Environmental Protection Agency
[EPA], 2001), while the microbiological water quality measurements were compared with the South
African Water Quality Guidelines (second edition). Volume 4: Agricultural Use: Irrigation (DWAF,

1996d).

To determine whether there were any statistically significant differences between the means of the
three independent water sampling rounds, one-way analyses of variance (ANOVA) were performed.
In the instances where an ANOVA test was significant, a Tukey Honest Significant Difference post-
hoc test was performed to determine which of the water sampling rounds differed from the others.
Lastly, to determine the overall water quality at a particular water sampling site in the Fonteinspruit
stream, the Canadian Council of Ministers of the Environment Water Quality Index (CCME-WQI) was

calculated (CCME, 2017).
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4.2 Results: Physical water quality properties

In this study, six physical water quality properties were measured in the water samples collected at
the 12 water sampling sites in the Fonteinspruit stream. These properties were EC, pH, turbidity,

temperature, DO and COD.

4.2.1 Electrical conductivity

The measurements of EC revealed relatively large differences amongst water samples in the
respective water sampling rounds. For the most, EC measurements were compliant, although two
measurements in water sampling Rounds 1 and 2 measurements in water sampling Round 3
exceeded the standard of 1,000 uS/cm (EPA, 2001). This might be attributed to low flow of the stream.
Overall, the EC measurements in water sampling Rounds 1 and 3 were much greater than the EC
measurements in water sampling Round 2, with the EC mean for water sampling Round 1 nearly 700
pS/ecm while for water sampling Round 3, it was approximately 400 uS/cm (Table 4.1). In contrast,
the EC mean for water sampling Round 2 was much lower than the other two water sampling rounds,
in the order of 5 uS/cm. These EC measurement differences in the water sampling rounds are also
reflected in the percentage compliance, where both water sampling Rounds 1 and 3 demonstrated

compliance percentages around 80% in comparison to water sampling Round 2 with 100%

compliance.
Table 4.1 Electrical conductivity measurements in the three water sampling rounds and
summary statistics.
EC
] (limit = <1,000 uS/cm)
Sample site
Round 1 Round 2 Round 3
F1 296.00 5.00 231.00
F2 1,314.00 0.10 1,226.00
F3 1,110.00 6.70 1,252.00
F4 597.00 7.70 827.00
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EC
] (limit =<1,000 uS/cm)
Sample site
Round 1 Round 2 Round 3
F5 521.00 8.90 510.00
F6 585.00 9.10 155.50
F7 581.00 5.00 149.70
F8 687.00 0.10 317.00
F9 447.00 2.30 347.00
F10 705.00 1.20 38.00
F11 721.00 3.70 3.80
F12 748.00 1.90 4.00
Mean 692.67 4.31 421.75
Median 642.00 4.35 274.00
Range 1018.00 9.03 1248.24
Min 296.00 0.09 3.76
Max 1314.00 9.12 1252.00
SD 277.10 3.28 447 47
% Compliance 83 100 83

When the histogram was prepared for the EC measurements in the three water sampling rounds, the
differences amongst the water sampling rounds are clearly discernible. The EC measurements in
water sampling Round 1 were the greatest for most of the water sampling sites (10 out of 12 sampling
sites), while the EC measurements in water sampling Round 3 were also relatively high (Figure 4.1).
In contrast, the bars depicting the exceptionally low EC measurements in water sampling Round 2 are
barely visible on the graph. Water sampling sites F2 and F3 recorded the highest measurements, both

in water sampling Round 1 and water sampling Round 3.
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Figure 4.1 Histogram showing the EC measurements in water samples collected at the 12 water
sampling sites in the three water sampling rounds. The orange horizontal line

indicates the compliance range.

422 pH

The pH measurements in all three water sampling rounds demonstrated compliance when compared
with the standard range of 5.5 — 9.0 (EPA, 2001). The mean pH measurements in the three water
sampling rounds showed a relatively narrow range of less than 0.40 (Table 4.2). The mean pH
measurements were also relatively close to neutral, although more alkaline for water sampling Rounds

1and 3.

Table 4.2 The pH measurements in the three water sampling rounds and summary statistics.

pH
Sample site (limit = 5.5-9.0)
Round 1 Round 2 Round 3
F1 7.34 6.89 740
F2 6.37 8.30 6.73
F3 8.29 7.58 6.13
F4 8.21 7.04 7.51
F5 6.76 6.90 6.62
F6 7.05 8.33 7.33
F7 8.16 7.82 741
F8 7.38 6.80 7.09
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pH
(limit = 5.5-9.0)

Sample site
Round 1 Round 2 Round 3

F9 6.89 7.68 7.53
F10 6.95 7.57 7.59
F11 6.81 7.54 6.47
F12 7.05 6.88 6.74
Mean 7.27 744 7.05
Median 7.05 7.56 7.21
Range 1.92 1.53 1.46
Min 6.37 6.80 6.13
Max 8.29 8.33 7.59
SD 0.63 0.54 0.49
% Compliance 100 100 100

A histogram was prepared for the pH measurements in the three water sampling rounds to clearly
show the differences in measurements amongst the three water sampling rounds. From the histogram,

the narrow range of pH measurements around neutral is clearly discemible (Figure 4.2).
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2 i Round 3
1
0
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12
Sampling sites

Figure 4.2 Histogram showing the pH measurements at the 12 water sampling sites in the three
water sampling rounds. The orange horizontal lines show the compliance range for
pH.
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4.2.3 Turbidity

The measurements of turbidity in all three water sampling rounds demonstrated substantial variation.
All turbidity measurements in water sampling Rounds 1, 2 and 3 showed 0% compliance when
compared with the prescribed limit value of 1.0 NTU (EPA, 2001). Water sampling sites F6 and F7
recorded the highest levels of turbidity in all of the water sampling rounds (Table 4.3). This might be
attributed to considerable presence of algae and mud at these water sampling sites. The mean
turbidity measurements in the three water sampling rounds varied distinctively with water sampling
Round 1 recording a mean of less than 20 NTU, water sampling Round 2 a turbidity mean just greater

than 25 NTU and water sampling Round 3 a turbidity mean of nearly 40 NTU.

Table 4.3 Turbidity measurements in the three water sampling rounds and summary
statistics.
Turbidity
_ (limit =< 1.0 NTU)
Sample site
Round 1 Round 2 Round 3
F1 2.54 11.40 8.92
F2 14.90 25.00 45.20
F3 7.97 2.07 22.00
F4 5.15 3.06 71.20
F5 4.62 5.53 6.45
F6 63.10 81.00 125.00
F7 76.60 66.00 66.20
F8 11.10 28.50 27.20
F9 7.04 16.90 6.28
F10 18.80 32.60 23.20
F11 9.01 28.20 29.30
F12 7.46 25.90 34.90
Mean 19.02 2718 38.82
Median 8.49 2545 28.25
Range 74.06 78.93 118.72
Min 2.54 2.07 6.28
Max 76.60 81.00 125.00
SD 24.33 24.27 34.42
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%
Compliance

A histogram provides a visual perspective of the turbidity measurements taken in the Fonteinspruit
stream. The histogram shows that two adjacent water sampling sites, namely F6 and F7, recorded
exceptionally higher turbidity measurements when compared with the other water sampling sites
(Figure 4.3). Furthermore, besides the measurements in water sampling Round 3, the turbidity

measurement recorded at water sampling sites F3, F4 and F5 were of the lowest in the study.

Turbidity values

= Round 1
60 EI m Round 2
40 Round 3
% Ll 4 | FFY FF

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10F11 F12
Sampling sites

Figure 4.3 Histogram showing the turbidity measurements in water samples collected at the 12
water sampling sites in the three water sampling rounds. The orange horizontal line

indicates the compliance range.

4.2.4 Temperature

The temperature measurements in all three water sampling rounds showed 100% compliance when
compared with the EU Directives mandatory limit of 25°C (EPA, 2001). All temperatures measured in
water sampling Round 3 showed the highest measurements, i.e. above 20°C (Table 4.4). The mean
temperatures in water sampling Rounds 1 and 2 were below 15°C, while for water sampling Round 3,

the mean temperature was greater than 20°C.
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Temperature measurements in the three water sampling rounds and summary

statistics.
Temperature
(limit = 25°C)
Sample site
Round 1 Round 2 Round 3

F1 11.6 17.3 23.5
F2 15.6 71 23.7
F3 117 7.6 21.3
F4 11.2 17.0 23.8
F5 7.1 15.3 20.7
Fé 13.3 19.1 23.8
F7 12.7 18.7 23.8
F8 13.0 19.2 24.3
F9 11.2 15.9 21.6
F10 11.6 18.5 231
F11 124 19.3 20.2
F12 115 19.5 20.3
Mean 11.91 16.21 22.51
Median 11.65 17.90 23.30
Range 8.50 12.41 410
Min 7.10 7.09 20.20
Max 15.60 19.50 24.30
SD 1.96 4.36 1.56
% Compliance 100 100 100

A histogram was constructed to provide a visual perspective of the measurements of temperature in

the three water sampling rounds. The histogram clearly shows that all the measurements were below

the limit of 25°C (EPA, 2001) (Figure 4.4). It further demonstrates that the recorded temperatures in

water sampling Round 3 were substantially warmer than the other two water sampling rounds, i.e.

Round 2 followed by Round 1.
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Figure 4.4 Histogram showing the temperature measurements in water samples collected at the
12 water sampling sites in the three water sampling rounds. The orange horizontal

line indicates the compliance range.

4.2.5 Dissolved oxygen

The measurements of DO revealed substantial differences amongst the three water sampling rounds.
All the DO measurements in water sampling Round 3 were not compliant when compared with the
average limit of 6.5 — 9.5 mg/L O2 (EPA, 2001). In water sampling Rounds 1 and 2, most
measurements (66%) were not within the average limit, while in water sampling Round 3, all the DO
measurements were below the average limit (Table 4.5). The mean DO measurements in the three

water sampling rounds showed a narrow range of less than 4.0 mg/L Oa.

Table 4.5 DO measurements in the three water sampling rounds and summary statistics.
DO
) (limit = 6.5-9.5 mg/L O,)
Sample site

Round 1 Round 2 Round 3
F1 5.98 5.04 4.35
F2 7.61 0.13 3.46
F3 8.77 6.73 5.27
F4 6.40 7.7 112
F5 7.56 8.91 2.08
F6 14.12 9.12 2.65
F7 8.54 5.34 3.12
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DO
(limit = 6.5-9.5 mg/L O,)

Sample site

Round 1 Round 2 Round 3

F8 0.14 0.09 1.22

F9 4.53 2.27 0.79

F10 3.43 1.20 144

F11 6.18 3.66 3.19

F12 5.66 1.86 3.14

Mean 6.58 4.34 2.65
Median 6.29 4.35 2.89
Range 13.98 9.03 448
Min 0.14 0.09 0.79
Max 14.12 9.12 5.27
SD 3.36 3.29 1.38
% Compliance 33 33 0

The histogram was constructed to discern the pattern of DO measurements in the three water
sampling rounds. The histogram shows that at water sampling site F6, the DO measurements taken
in water sampling Rounds 1 and 2 were substantially higher than those taken at the other water
sampling sites (Figure 4.5). In contrast to F6, the histogram also shows that at water sampling site F8,
the DO measurements taken in water sampling Rounds 1 and 2 were low when compared with the

other water sampling sites.
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Figure 4.5 Histogram showing the DO measurements in water samples collected at the 12 water
sampling sites in the three water sampling rounds. The orange horizontal line

indicates the compliance range.

4.2.6 Chemical oxygen demand

The measurements of COD showed comparatively large differences amongst the respective water
sampling rounds. Most of the COD measurements in this study were compliant when compared with
the limit value of 40 mg/L O2 (EPA, 2001). In water sampling Round 1, all COD measurements were
compliant, while in water sampling Round 2, three measurements exceeded the limit, and in water
sampling Round 3, one measurement exceeded the limit. In water sampling Rounds 2 and 3, two
measurements were greater than 180 mg/L Oz (Table 4.6). When considering the mean COD, the
mean value in water sampling Round 1 was below 15 mg/L Oz, whereas in water sampling Rounds 2

and 3, the mean COD values were greater than 30 mg/L Oz,

Table 4.6 COD measurements in the three water sampling rounds and summary statistics.
cob
) (limit =< 40 mg/L O,)
Sample site

Round 1 Round 2 Round 3
F1 15 16 3
F2 8 12 3
F3 7 4 4
F4 8 1 183
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cob
(limit =< 40 mg/L O,)

Sample site

Round1  Round 2 Round 3
F5 9 22 26
F6 31 28 10
F7 22 112 24
F8 7 56 38
F9 22 199 35
F10 1" 37 40
F11 3 33 38
F12 29 32 10
Mean 14.33 46.83 34.50
Median 10.00 30.00 25.00
Range 28.00 195.00 180.00
Min 3.00 4.00 3.00
Max 31.00 199.00 183.00
SD 9.37 55.80 48.99

0,
(/:oompliance 100 7 o

The histogram was constructed to provide a visual representation of the COD measurements obtained
in this study. The histogram shows that compliance was overall relatively high (Figure 4.6). Besides
most of the measurements that were compliant, the histogram also shows that three COD
measurements taken at water sampling sites F4, F7 and F9 were substantially greater than the other
measurements taken in the study (Figure 4.6). In contrast, the COD measurements in water samples

collected at water sampling sites F1, F2 and F3 were, overall, the lowest.
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Figure 4.6 Histogram showing the COD measurements in water samples collected at the 12
water sampling sites in the three water sampling rounds. The orange horizontal line

indicates the compliance range.

4.3 Results: Chemical water quality properties

Five chemical water quality properties were assessed in the water samples collected at the 12 water
sampling sites in the Fonteinspruit stream. The assessed chemical water quality properties were the
determination of the concentrations of ammonia, nitrate, sulphate and phosphate as well as the

measurement of total hardness.

4.31 Ammonia

Only two of the ammonia measurements in water sampling Round 2 exceeded the EU surface water
limit of < 1.5 mg/L (EPA, 2001). The mean ammonia concentration was substantially lower in water
sampling Round 1 when compared with the other two water sampling rounds, which is also reflected
in the recorded maximum readings in the three water sampling rounds (Table 4.7). The maximum
readings in water sampling Rounds 2 and 3 were substantially greater than the maximum reading in

water sampling Round 1.
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Table 4.7 Ammonia measurements in the three water sampling rounds and summary statistics.
Ammonia
(limit =< 1.5 mg/L)
Sample site
Round 1 Round 2 Round 3
F1 0.00 0.50 1.32
F2 0.00 0.34 0.83
F3 0.01 0.50 0.14
F4 0.02 0.26 0.32
F5 0.01 0.26 0.34
F6 0.01 0.28 0.42
F7 0.00 0.35 0.47
F8 0.00 0.23 0.36
F9 0.01 0.30 0.11
F10 0.00 1.20 1.35
F11 0.01 2.30 0.01
F12 0.00 2.00 0.01
Mean 0.01 0.71 047
Median 0.01 0.35 0.35
Range 0.02 2.07 1.34
Min 0.00 0.23 0.01
Max 0.02 2.30 1.35
SD 0.01 0.72 0.46
% Compliance 100 83 100

A histogram was constructed to demonstrate the spread of the ammonia measurements across the
water sampling sites. The histogram clearly shows that the two non-compliant ammonia
measurements were much greater than the majority of the compliant ammonia measurements (Figure
4.7). The histogram further shows that some of the ammonia measurements at the upstream water
sampling sites, namely F1 and F2, and the downstream water sampling site F10, were also relatively

high, although compliant.
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Figure 4.7 Histogram showing the ammonia measurements in water samples collected at the 12
water sampling sites in the three water sampling rounds. The orange horizontal line

indicates the compliance range.

4.3.2 Nitrate

In all three water sampling rounds of this study, the measurements for nitrate showed 100%
compliance when compared with the EU surface water limit of < 50 mg/L (EPA, 2001). Interestingly,
the measurement recorded at water sampling site F6 in water sampling Round 2 was equal to the limit
of 50 mg/L and substantially greater than all the other measurements (Table 4.8). This outlier
measurement was also responsible for inflating the mean nitrate measurement in water sampling
Round 2. If the outlier measurement taken at water sampling site F2 in water sampling Round 2 was
ignored, then the mean nitrate value for water sampling Round 2 would have been 3.14 mg/L, which
was then marginally greater than the mean nitrate values recorded in water sampling Rounds 1 and

3.

Table 4.8 Nitrate measurements in the three water sampling rounds and summary statistics.

Nitrate
] (limit = < 50 mg/L)
Sample site
Round1 Round 2 Round 3
F1 1.0 1.3 0.6
F2 14 4.2 6.9
F3 3.7 54 3.9
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Nitrate
(limit = < 50 mg/L)
Sample site
Round1 Round 2 Round 3
F4 1.0 45 2.0
F5 1.3 1.9 0.6
F6 0.9 50.0 0.2
F7 1.9 9.5 0.1
F8 1.2 2.0 0.2
F9 1.7 0.3 1.3
F10 2.6 1.2 1.0
F11 2.7 2.3 1.7
F12 2.1 2.0 14
Mean 1.79 7.05 1.66
Median 1.55 2.15 1.15
Range 2.80 49.70 6.80
Min 0.90 0.30 0.10
Max 3.70 50.00 6.90
SD 0.85 13.75 1.96
% Compliance 100 100 100

A histogram offers a visual perspective of the nitrate measurements taken in this study. The histogram
clearly demonstrates the outlier measurement taken at water sampling site F6 (Figure 4.8). Besides
the outlier measurement recorded at water sampling site F6, a relatively high nitrate measurement

was also recorded at water sampling site F7.
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Figure 4.8 Histogram showing the nitrate measurements in water samples collected at the 12
water sampling sites in the three water sampling rounds. Orange horizontal line

indicates the compliance range.

4.3.3 Sulphate

The measurements recorded for sulphate were all compliant when compared with the limit value of <
200 mg/L (EPA, 2001). Although most of the measurements for sulphate were relatively low, the
measurements recorded at water sampling sites F2 and F3, during water sampling Rounds 1 and 3,

were substantially higher than all the other measurements (Table 4.9).

Table 4.9 Sulphate measurements in the three water sampling rounds and summary statistics.
Sulphate
(limit = <200 mg/L)
Sample site
Round 1 Round 2 Round 3

F1 13 14 9
F2 98 14 87
F3 79 48 93
F4 35 44 41
F5 35 21 25
F6 20 1

F7 13 5

F8 26 33 19
F9 19 26 20
F10 35 33 28
F11 36 30 29
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Sulphate
(limit = <200 mg/L)
Sample site
Round 1 Round 2 Round 3
F12 35 40 37
Mean 37.00 25.75 33.75
Median 35.00 28.00 26.50
Range 85.00 47.00 85.00
Min 13.00 1.00 8.00
Max 98.00 48.00 93.00
SD 25.92 15.06 28.34
% Compliance 100 100 100

A histogram provides a visual demonstration of the distribution of sulphate measurements across the
water sampling sites. The histogram shows that besides water sampling site F1, the sulphate
concentrations at the upstream water sampling sites were relatively high, but decreased towards the
midstream water sampling sites, namely F6 and F7. The sulphate concentrations at the downstream
water sampling sites demonstrated a steady increase when compared with the water sampling sites

F6 and F7 (Figure 4.9).
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3
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Figure 4.9 Histogram showing the sulphate measurements in water samples collected at the 12

water sampling sites in the three water sampling rounds.
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4.3.4 Phosphate

Most of the water quality measurements of phosphate were non-compliant when compared with the
EU surface water limit of < 0.7 mg/L (EPA, 2001). Only four phosphate measurements, all recorded
in water sampling Round 1, did not exceed the limit (Table 4.10). Overall, the phosphate
measurements were substantially higher in water sampling Rounds 2 and 3 when compared with water
sampling Round 1. This finding was further supported when viewing the mean phosphate
measurements. They were greater by more than a factor of ten in water sampling Rounds 2 and 3

compared with the mean in water sampling Round 1.

Table 4.10 Phosphate measurements in the three water sampling rounds and summary

statistics.
Phosphate
(limit =< 0.7 mg/L)

Sample site
Round 1 Round 2 Round 3
F1 0.58 6.76 26.97
F2 0.62 5.98 24.38
F3 0.50 6.30 26.20
F4 0.92 8.61 0.75
F5 0.68 20.25 0.78
F6 1.11 14.25 13.57
F7 1.54 16.31 7.91
F8 2.89 24.65 15.25
F9 2.28 21.01 17.80
F10 2.18 18.64 15.19
F11 2.52 15.77 1.10
F12 2.64 19.05 2.50
Mean 1.54 14.80 12.70
Median 1.33 16.04 14.38
Range 2.39 18.67 26.22
Min 0.50 5.98 0.75
Max 2.89 24.65 26.97
SD 0.91 6.43 10.04
% Compliance 33 0 0
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A histogram demonstrates the relatively low phosphate measurements recorded at all the water
sampling sites in water sampling Round 1 in comparison to those measured in water sampling Rounds
2 and 3. The group of downstream water sampling sites, namely F6, F7, F8, F9, F10, F11 and F12,
showed relatively high phosphate measurements in both water sampling Rounds 2 and 3 (Figure
4.10). At water sampling sites F1, F2 and F3, the highest phosphate measurements were recorded in

water sampling Round 3.
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Figure 410  Histogram showing the phosphate measurements in water samples collected at the
12 water sampling sites in the three water sampling rounds. The orange horizontal

line indicates the compliance range.

4.3.5 Total hardness

All measurements for total hardness in this study were below 50 mg/L CaCOs. These measurements
of hardness were thus 100% compliant when compared with the arbitrary classification of soft water,
i.e. 0 to 50 mg/L CaCOs (EPA, 2001) (Table 4.11). When comparing the mean values for the total
hardness in the three water sampling rounds, the measurements in water sampling Rounds 2 and 3
were relatively low. In contrast, the mean value for total hardness in water sampling Round 1 was

substantially higher than the other two water sampling rounds.
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Table 4.11 Total Hardness measurements in the three water sampling rounds and summary

statistics.
Total Hardness
(limit = Soft = 0 - 50 mg/L
Sample site CaCOs)
Round 1 Round 2 Round 3
F1 31.47 33.45 3.28
F2 14.27 2.60 0.66
F3 10.20 144 0.13
F4 18.86 0.30 1.99
F5 27.78 1.99 2.10
F6 13.35 4.60 3.27
F7 14.94 0.44 2.83
F8 12.77 1.81 3.25
F9 14.50 6.92 3.19
F10 24.88 1.85 2.12
F11 25.01 043 1.99
F12 23.96 0.61 2.68
Mean 19.33 4.70 2.29
Median 16.90 1.83 2.40
Range 21.27 33.15 3.15
Min 10.20 0.30 0.13
Max 31.47 33.45 3.28
SD 6.97 9.26 1.03
% Compliance 100 100 100

A histogram showing all the hardness measurements was constructed to ascertain if a particular
distribution pattern could be discerned. The histogram demonstrates that the total hardness values for
all the water sampling sites were much higher in water sampling Round 1, except for water sampling

site F1 where high values were recorded for both water sampling Rounds 1 and 2 (Figure 4.11).
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Figure 411  Histogram showing the total hardness measurements in water samples at the 12

water sampling sites in the three water sampling rounds.

4.4 Results: Microbiological water quality properties

In this study, two microbiological water quality properties were measured in water samples collected
at the 12 identified water sampling sites in the Fonteinspruit stream. These properties were the
enumeration of E. coli and coliform bacteria. For the compliance of these microbial properties, the
measurements were compared with the limits specified by the Department of Water Affairs and

Forestry South African Water Quality Guidelines for Agricultural Use: Irrigation (DWAF, 1996d).

441 E. coli

Overall, most of the E. coli counts were within the limits specified by the DWAF (DWAF, 1996d) with
only eight of the counts exceeding the limits. Thus, the compliance was relatively high in two of the
water sampling rounds, with compliance percentages greater than 80% (Table 4.12). The percentage
compliance for the water samples collected in water sampling Round 3 was substantially less than the
other two water sampling rounds, which can be attributed to the E. coli counts of five of the twelve
water samples exceeding the limits. Also, the E. coli counts determined in all three water samples
collected at water sampling site F8 stand out. The E. coli counts in the water samples collected in all
three water sampling rounds exceeded the 1,000 cfu/100 mL limit specified by the DWAF (DWAF,

1996d) and the limit of the test. Although the true E. coli counts cannot be made in some of the water
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samples because of the limitation of the test, the mean E. coli count in water sampling Round 3 was

substantially greater than the other two water sampling rounds when the limit for the test was used in

the calculation of the mean.

Table 4.12 E. colimeasurements in the three water sampling rounds and summary statistics.

E. coli
(limit =< 1,000 cfu/100 mL)
Sample site
Round 1 Round 2 Round 3
F1 7.5 34 700.0
F2 7.5 186.0 >2,419.6
F3 9.8 400.0 1,200.0
F4 4.1 101.0 124.0
F5 3.1 108.0 84.0
F6 41 202.0 700.0
F7 421 87.0 121.0
F8 >2,419.6 >2,419.6 >2,419.6
F9 419.8 59.0 19.0
F10 4721 35.0 107.0
F11 509.9 103.0 1,140.0
F12 509.9 1,100.0 >2,419.6
Mean 367.46 400.33 954.48
Median 25.95 105.50 700.00
Range 2,416.50 2,416.20 2,400.60
Min 3.10 3.40 19.00
Max 2,419.60 2,419.60 2,419.60
SD 684.59 702.04 972.32
% Compliance 92 83 58

>2,419.6 = exceeded the limit of the test

The histogram of the E. coli counts demonstrates the exceptionally high values at some of the water

sampling sites. Water sampling site F8 clearly stands out with exceptionally high E. coli counts in all

three of the water sampling rounds (Figure 4.12). A number of other water sampling sites in water
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sampling Round 3 also stand out with high counts of E. coli, although not all counts were non-

compliant.

3000

2500

]

o

o

o
1

1500 - ®mRound1
m Round 2
Round 3

E. coli counts

1000 -

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10F11F12
Sampling sites

Figure 412  Histogram showing the E. coli counts in water samples collected at the 12 water
sampling sites in the three water sampling rounds. The orange horizontal line

indicates the compliance range.

4.4.2 Total coliforms

When viewing the coliform bacterial counts, many more exceeded the limits specified by the DWAF
(DWAF, 1996d) when compared with the E. coli counts. In particular, exceptionally high coliform
bacterial counts were recorded in water sampling Rounds 2 and 3 (Table 4.13). Many of the coliform
bacterial counts exceeded the limit of the test, predominantly in water sampling Rounds 2 and 3 (Table
4.13). These high coliform bacterial counts are also reflected in the low percentages of compliance
when the measurements were compared with the Target Water Quality Range of 1,000 cfu/100 mL

(DWAF, 1996d).
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Table 4.13 Total coliforms measurements in the three water sampling rounds and summary

statistics.
Total coliforms
. (limit =< 1,000 cfu/100 mL)
Sample site
Round 1 Round 2 Round 3
F1 3.2 >2,419.6 >2,419.6
F2 39.3 >2,419.6 >2,419.6
F3 24.3 1,021.0 >2,419.6
F4 34.1 1,100.0 500.0
F5 48.7 1,620.0 400.0
Fé 36.4 >2,419.6 >2,419.6
F7 78.8 >2,419.6 >2,419.6
F8 >2,419.6 >2,419.6 >2,419.6
F9 816.4 >2,419.6 >2,419.6
F10 980.4 >2,419.6 >2,419.6
F11 1,119.9 >2,419.6 >2,419.6
F12 689.3 >2,419.6 >2,419.6
Mean 524.20 2,126.45 2,091.33
Median 63.75 2,419.60 2,419.60
Range 2,416.40 1,398.60 2,019.60
Min 3.20 1,021.00 400.00
Max 2,419.60 2,419.60 2,419.60
SD 734.06 548.18 766.96
% Compliance 83 0 17

>2,419.6 = exceeded the limit of the test

A histogram was constructed to show the overall picture of the total coliform bacterial counts in the
respective water samples collected at the different water sampling sites. The histogram shows
excessively high counts of coliform bacteria in the water samples collected from most of the water
sampling sites. Furthermore the histogram shows that the water samples collected at water sampling
sites F4 and F5 were relatively lower when compared with the water samples collected at the other

water sampling sites (Figure 4.13).
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Figure 413  Histogram showing the total coliforms counts in water samples collected at the 12
water sampling sites in the three water sampling rounds. The orange horizontal line

indicates the compliance range.

4.5 Comparative analysis of the water sampling rounds

One-way ANOVA tests were performed for the respective water quality properties to ascertain if
significant differences existed amongst the measurements determined in the different water sampling
rounds. Of the 13 ANOVA tests that were performed, seven returned significant differences amongst
the water sampling rounds at a = 0.05 (Table 4.13). The Tukey Honest Significant Difference post-hoc
tests revealed that for temperature all the pairs of the water sampling rounds differed significantly from
one another. The remainder of the Tukey tests showed significant differences between two pairs of

water sampling rounds, except for DO and ammonia with only one significant pair.

Table 4.14 Statistical comparison results of physical, chemical and microbiological water quality

properties in the three water sampling rounds.

Significant
Proper SS MS f p rounds
Physical properties
R1and R2
EC 288591516 1442957.58 15.63 <0.0001 R? and R3
pH 0.96 0.48 1.54 0.23 NS
Turbidity 3157.08 1578.54 2.18 0.12 NS
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Significant
Proper SS MS f p rounds
R1 and R2
Temperature 682.20 341.10 40.44 <0.0001 R1andR3
R2 and R3
DO 93.01 46.50 5.81 0.00 R1andR3
coD 6460.22 3230.11 1.73 0.19 NS
Chemical properties
Ammonia 3.08 1.54 6.26 0.001  R1andR2
Nitrate 226.95 113.48 1.76 0.19 NS
Sulphate 804.5 402.25 0.71 0.50 NS
R1 and R2
Phosphate 1219.25 609.62 12.8 <0.0001 R1 and R3
Total R1and R2
hardness 2041.00 1020.50 22.63 <0.0001 R1 and R3
Microbiological properties
E. coli 2611045.36  1305522.68 2.05 0.10 NS
Total 2009738050 1004869025 2112 <0.0001 H.andR2
coliforms R1and R3

SS = sum of squares; MS = mean square; f = f statistic; p = probability; S = significant at a = 0.05; NS = non-significant at a = 0.05; R1 =
sampling Round 1; R2 = sampling Round 2; R3 = sampling Round 3; EC = Electrical conductivity, DO = Dissolved oxygen; COD=

Chemical oxygen demand

4.6 Overall water quality of the water samples

CCME-WQIs were calculated for each water sampling site in the Fonteinspruit stream to convey the overall
quality of the collected water samples. The CCME-WQI results demonstrated that none of the water
samples collected at the 12 water sampling sites in the Fonteinspruit stream were of good quality when
compared with the index categorization schema (CCME, 2017). Only one water sampling site had fair
water quality, while for the majority of the water sampling sites (58%), the CCME-WQI results revealed
that the water quality was marginal and poor for the remainder of the water sampling sites (33%) (Table

4.15).
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Table 4.15 Water quality indexes and water quality ranges of water samples collected at the

different water sampling sites.

Sampling site  CCME-WQI Rank Explanation

F1 53.89 Marginal ~ Marginal water quality at water sampling site
F1 might be attributed to fewer human
activities or their impacts had little effect on the
water quality.

F2 42.93 Poor Poor water quality at water sampling site F2
might be attributed to the effects of open
disposal of solid waste near this water
sampling site.

F3 50.53 Marginal ~ Marginal water quality at water sampling site
F3 might be attributed to an increased flow in
this section of the stream that assisted in
diluting the pollutants.

F4 47.93 Marginal ~ Marginal water quality at water sampling site
F4 might be attributed to an increased flow in
this section of the stream that assisted in
diluting the pollutants.

F5 78.71 Fair Fair water quality at water sampling site F5
might be attributed to the unrestrained
presence of domestic animals and illegal
dumping sites near this water sampling site.

F6 43.82 Poor Poor water quality at water sampling site F6
might be attributed to the combined effects of
human activities and inflow of pollutants from
various drainage areas.

F7 41.51 Poor Poor water quality at water sampling site F7
might be attributed to the combined effects of
an illegal dumping site and human activities

near this water sampling site.
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Sampling site  CCME-WQI Rank Explanation

F8 52.65 Poor Poor water quality at water sampling site F8
might be attributed to the effects of human
activities, such as wastewater from a car-wash
facility and car panel-beating workshops near
the water sampling site.

F9 46.69 Marginal ~ Marginal water quality at water sampling site
F9 might be attributed to overflow from the
manhole and solid waste being discarded into
the stream.

F10 4714 Marginal ~ Marginal water quality at sampling site F10
might be attributed to overflow from the
manhole and solid waste being discarded into
the stream.

F11 47.90 Marginal ~ Marginal water quality at water sampling site
F11 might be attributed to the combined effects
of overflow from the manhole and waste water
from the WWTP.

F12 52.83 Marginal ~ Marginal water quality at water sampling site

F12 might be attributed to the combined effects

of overflow from the manhole and waste water

from the WWTP.

4.7 Summary

The water quality results of the Fonteinspruit stream clearly indicate that the stream water is of poor
quality. This is demonstrated by the CCME-WQIs, which revealed that none of the water samples
collected at the 12 water sampling sites are of good water quality. Of the 13 water quality properties
assessed at the 12 water sampling sites in the Fonteinspruit stream, only five demonstrated a 100%
compliance rate when the measurements were compared with various standard limits of the South

African Water Quality guidelines and EU Surface Water Directives. These five water quality properties
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included two physical water quality properties, namely pH and temperature, and three chemical water
quality properties, namely nitrate, sulphate and total hardness. The majority of the water quality
properties (66%) demonstrated relatively low levels of compliance. They included the four physical
water quality properties, namely EC, turbidity, DO, COD; two chemical water quality properties, namely
ammonia and phosphate as well as two microbiological water quality properties, namely E. coli and

bacterial counts of coliforms.

For the physical water quality properties, water sample measurements at water sampling sites F2 and
F3 were the highest of the EC measurements. Water sample measurements at water sampling sites
F6 and F7 were relatively the highest of the turbidity measurements. The DO water sample
measurements at water sampling sites F8, F9 and F10 were the lowest and the COD water sample

measurements at water sampling sites F7, F8 and F9, were considerably high.

For chemical properties, ammonia water sample concentration measurements at water sampling sites
F11 and F12 were the highest, while phosphate water sample concentration measurements at water
sampling site F8 were the highest. Water samples collected at water sampling site F8 had the highest
counts of E. coliand total coliforms. The high levels of these water quality properties may have adverse

effects on the aquatic life, animals and people who may eat the food irrigated with the stream water.
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Chapter 5

Results of Emerging Contaminants on Water Quality in the
Fonteinspruit Stream

5.1 Introduction

Emerging contaminants (ECs), which are synthetic or naturally occurring chemicals or any
microorganisms that are not commonly monitored in the environment, were also assessed in this
study. For the assessment for the presence of ECs in the Fonteinspruit stream, water samples were
collected at the 12 water sampling sites during a single round of water collection. The presence of
eight ECs was assessed in the water samples, which included four pharmaceuticals, one plasticizer

and three herbicide analytes.

The pharmaceuticals that were assessed were carbamazepine, estrone, estradiol and 17a
ethynylestradiol. Carbamazepine is an anticonvulsant and works by decreasing nerve impulses that
cause seizures and nerve pain, such as trigeminal neuralgia and diabetic neuropathy. Carbamazepine
is also used to treat bipolar disorder (CCME, 2018). Estrone, like estradiol and 17a ethynylestradiol,
is an estrogen. These hormones are used to treat postmenopausal woman (European Commission,
2018). The plasticizer assessed in this study was bisphenol A, which is an industrial chemical that is

used to make certain plastics and resins (Canadian Environmental Protection Act, 1999).

The three herbicide analytes that were assessed were atrazine, metolachlor and terbuthylazine. The
herbicide atrazine is used to prevent pre- and post-emergence of broadleaf weeds in crops, such as
maize, sugarcane and turf (CCME, 1999). Metolachlor is an organic compound that is a highly effective
herbicide used in grasses (CCME, 1999). A suspension of terbuthylazine concentrate is used to

combat the pre- and post-emergence of a broad spectrum of annual weeds (WHO, 2003). To
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determine the status of the compliance of the eight ECs that were assessed, their concentrations were

compared with appropriate preselected sets of compliance standards.

5.2 Results: Pharmaceutical analytes

5.2.1 Carbamazepine

After determining the concentrations of carbamazepine in the 12 water samples collected at the
respective water sampling sites, they were compared with the Canadian Environmental Quality
Guidelines of the Canadian Council of Ministers of the Environment (CCME, 2018). Of the 12
concentrations determined for carbamazepine, only one of the concentrations (water sampling site
F2) was compliant when compared with the standard of 10 ug/L (CCME, 2018) (Table 5.1). The
concentrations of carbamazepine in the water samples collected at water sampling sites F8 and F12
were the highest concentrations of all the concentrations determined. The concentration in the water
sample at water sampling site F8 exceeding the standard by approximately 150 ug/L, while the
concentration of carbamazepine in the water sample at water sampling site F12 exceeded the

standard by more than 90 ug/L.

Table 5.1 Carbamazepine concentration values in water sampling Round 1 and summary

statistics.

Carbamazepine

Sampling site (limit <10 pglL)
Round 1
F1 13
F2 9
F3 24
F4 38
F5 28
F6 14
F7 29
F8 161
F9 42
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Carbamazepine

Sampling site (limit <10 pg/L)
Round 1
F10 46
F11 49
F12 101
Mean 45
Median 33
Range 152
Min 9
Max 161
SD 44
% Compliance 8
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The histogram for the concentration values of carbamazepine analyte shows a discernible difference

amongst the water samples collected at the water sampling sites in the Fonteinspruit stream. Most

concentration values (11 out of 12) of the water samples collected at the respective water sampling

sites exceeded the limit. Water samples collected at the majority of the water sampling sites (Figure

5.1) recorded high concentration values, i.e. above 20 pg/L whereas, the water samples at water

sampling sites F2 and F6 demonstrated the lowest concentration values of carbamazepine analyte,

i.e. below 15 pg/L.
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Figure 5.1

collected at the 12 water sampling sites in water sampling Round 1.
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5.2.2 Estrone

The concentration values of estrone analyte in all water samples collected at the 12 water sampling
sites in the Fonteinspruit stream revealed non-compliance when compared with the standard of < 0.4
ng/L (European Commission, 2018). The two water samples from water sampling sites F9 and F11
showed the highest concentration values, i.e. over 15 ng/L (Table 5.2). The mean estrone

concentration value of this water sampling round showed a relatively low range of less than 10 ng/L.

Table 5.2 Estrone concentration values in water sampling Round 1 and summary statistics.
Estrone
Sampling site (limit < 0.4 ng/L)
Round 1

F1 8

F2 1

F3 1

F4 2

F5 3

F6 1

F7 6

F8 6
F10 10
F11 18
F12 1
Mean

Median

Range 18
Min 1
Max 19
SD 6

% Compliance 0

The histogram was prepared to provide a visual perspective of the concentration values of estrone

analyte detected in the Fonteinspruit stream. All the estrone analyte concentration values from the 12
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water sampling sites exceeded the 0.4 ng/L limit as highlighted by the orange compliance line. Water
sampling sites F9 and F11 showed the highest concentration values of estrone exceeding 15 ng/L
(Figure 5.2). In contrast, most of the estrone concentration values (10 out 12) showed levels below 11

ng/L.

10
5_I ™ Round 1
Nyl N . _

Concentration values of
estrone ng/L

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10F11F12
Sampling sites

Figure 5.2 Histogram showing the measurements of estrone in water samples collected at the

12 water sampling sites in water sampling Round 1.

5.2.3 Estradiol

The concentration values of estradiol analyte at all 12 water sampling sites showed 100% compliance
as the values did not exceed the standard of < 0.4 ng/L (European Commission, 2018). In fact, all the

water sampling sites recorded a zero concentration value for estradiol analyte (Table 5.3).

Table 5.3 Estradiol concentration values in water sampling Round 1 and summary
statistics.
Estradiol
Sampling site (limit < 0.4 ng/L)

Round 1

F1 0

F2 0

F3 0
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Estradiol
Sampling site (limit < 0.4 ng/L)
Round 1
F4 0
F5
F6
F7
F8
F9
F10
F11
F12
Mean
Median
Range
Min
Max
SD
% Compliance 100

O O O O O OJ]oo O o o o o o o

5.2.4 17a ethynylestradiol

All 17a ethynylestradiol analyte concentration values revealed non-compliance as the values
exceeded the standard of < 0.035 ng/L (European Commission, 2018). The water sampling sites F1,
F6 and F7 recorded the highest concentration values, i.e. above 500 ng/L (Table 5.4). The mean 17a

ethynylestradiol of this water sampling round was nearly 400 ng/L.

Table 5.4 17a ethynylestradiol concentration values in water sampling Round 1 and summary
statistics.
17a ethynylestradiol
Sampling site (limit < 0.035 ng/L)
Round 1
F1 538
F2 197
F3 458
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17a ethynylestradiol
Sampling site (limit = 0.035 ng/L)
Round 1
F4 496
F5 227
F6 752
F7 920
F8 157
F9 259
F10 221
F11 211
F12 158
Mean 383
Median 243
Range 763
Min 157
Max 920
SD 252
% Compliance 0

The histogram was constructed to discern the pattern of 17a ethynylestradiol analyte concentration
values measured at the 12 water sampling sites. The histogram shows that all 12 concentration values
of 17a ethynylestradiol analyte exceeded the 0.035 ng/L limit. The concentration values at water
sampling sites F2, F8 and F12 were below 200 ng/L when compared with the concentration values of
the other water sampling sites. These other water sampling sites ranged from over 200 ng/L to nearly

1000 ng/L (Figure 5.3).
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Figure 5.3 Histogram showing the measurements of 17a ethynylestradiol in water samples

collected at the 12 water sampling sites in water sampling Round 1.

5.3 Results: Plasticiser analytes

5.3.1 Bisphenol A

The measured concentration values of bisphenol A analyte showed substantially high values at the
respective water sampling sites with all exceeding the standard of < 1.4 pg/L (Canadian
Environmental Protection Act, 1999). The water sampling site F12 showed the highest concentration
value, i.e. above 800 ug/L (Table 5.5). The mean bisphenol A of this water sampling round was nearly

200 pglL.

Table 5.5 Bisphenol A concentration values in water sampling Round 1 and summary statistics.

Bisphenol A
Sampling site (limit <1.4 pg/L)
Round 1
F1 116
F2 87
F3 55
F4 23
F5 27
F6 77
F7 203
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Bisphenol A
Sampling site (limit <1.4 pg/L)
Round 1
F8 205
F9 280
F10 338
F11 113
F12 820
Mean 195
Median 115
Range 797
Min 23
Max 820
SD 220
% Compliance 0

The histogram for the bisphenol A analyte concentration values shows non-compliance across all of
the 12 water sampling sites in the Fonteinspruit stream. Most water sampling sites (7 out of 12)
recorded the highest concentration values, i.e. above 100 pg/L. While water sampling sites F2, F3,

F4, F5 and F6 showed concentration values below 90 pg/F (Figure 5.4).
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Figure 5.4 Histogram showing the measurements of bisphenol A in water samples collected at

the 12 water sampling sites in water sampling Round 1.
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5.4 Results: Herbicide analytes

5.4.1 Atrazine

All concentration values of atrazine analyte were non-compliant as the concentration values exceeded
the standard of < 1.8 pg/L (CCME, 1999). Water sampling site F8 recorded the highest concentration

value, i.e. above 250 ug/L (Table 5.6). The mean of atrazine was over 50 pg/L.

Table 5.6 Atrazine concentration values in water sampling Round 1 and summary statistics.
Atrazine
Sampling site (limit < 1.8 pgl/L)
Round 1

F1 74
F2

F3

F4 29
F5 37
F6 10
F7 12
F8 257
F9 38
F10 71
F11 46
F12 40
Mean 52
Median 38
Range 250
Min 7
Max 257
SD 68
% Compliance 0

A histogram demonstrates the spread of the atrazine analyte concentration values across the water

sampling sites. All concentration values detected in the water samples collected at the 12 water
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sampling sites in the Fonteinspruit stream showed no compliance. However, most water sampling
sites (11 out 12) recorded concentration values below 80 pg/L with only water sampling site F8

showing a concentration value of almost 260 pg/L (Figure 5.5).
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Concentration values of

Figure 5.5 Histogram showing the measurements of atrazine in water samples collected at the

12 water sampling sites in water sampling Round 1.

5.4.2 Metolachlor

The concentration values of metolachlor analyte showed substantial differences among the respective
water sampling sites in the water sampling round. The two water sampling sites F2 and F3
demonstrated compliance whereas the other ten water sampling sites exceeded the standard of < 7.8
Mg/l (CCME, 1999). Water sampling site F8 showed the highest concentration value, i.e. above 200

Mg/L (Table 5.7). The mean of metolachlor in the water sampling round was below 50 ug/L.

Table 5.7 Metolachlor concentration values in water sampling Round 1 and summary statistics.
Metolachlor
Sampling site (limit < 7.8 pglL)
Round 1
F1 73
F2
F3
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Metolachlor
Sampling site (limit < 7.8 pg/L)
Round 1
F4 15
F5 61
F6 8
F7 1
F8 213
F9 34
F10 62
F11 53
F12 39
Mean 48
Median 37
Range 209
Min 4
Max 213
SD 58
% Compliance 17

A histogram of the metolachlor analyte concentration values shows that most water sampling sites (10
out 12) exceeded the < 7.8 pg/L limit. The histogram further demonstrates the outlier concentration
value of water sampling site F8. The metolachlor concentration values recorded at water sampling

sites F1, F5, F8, F10 and F11 (Figure 5.6) were overall the highest of the concentration values.
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Figure 5.6 Histogram showing the measurements of metolachlor in water samples collected at

the 12 water sampling sites in water sampling Round 1.

5.4.3 Terbuthylazine

Only one terbuthylazine analyte concentration value showed compliance and eleven concentration
values were above the standard of < 0.007 mg/L (WHO, 2003). The compliance rate for the water
sampling round was below 10%. Water sampling site F8 recorded the highest concentration value of

nearly 0.500 mg/L (Table 5.8). The mean of terbuthylazine analyte in the water sampling round was

above 0.100 mg/L.
Table 5.8 Terbuthylazine concentration values in water sampling Round 1 and summary
statistics.

Terbuthylazine
Sampling site (limit < 0.007 mg/L)
Round 1
F1 0.069
F2 0.005
F3 0.009
F4 0.069
F5 0.061
F6 0.144
F7 0.183
F8 0.499
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Terbuthylazine
Sampling site (limit = 0.007 mg/L)
Round 1
F9 0.039
F10 0.129
F11 0.178
F12 0.086
Mean 0.122
Median 0.078
Range 0.494
Min 0.005
Max 0.499
SD 0.133
% Compliance 8

The histogram demonstrates the distribution of terbuthylazine analyte concentration values across the
water sampling sites. Out of the 12 water sampling sites, only one water sampling site (F2) showed
compliance. Of the other eleven water sampling sites which exceeded the 0.007 mg/L limit, F3 was
the only water sampling site which recorded a concentration value below 0.010 mg/L. Most water

sampling sites recorded terbuthylazine concentration values above 0.030 mg/L (Figure 5.7).
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Figure 5.7 Histogram showing the measurements of terbuthylazine in water samples collected

at the 12 water sampling sites in water sampling Round 1.
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5.5 Summary

Of the eight emerging contaminants measured in water samples collected at the 12 water sampling
sites in the Fonteinspruit stream, only one analyte (estradiol) demonstrated 100% compliance rate
when compared with a watch-list of substances for Union-wide monitoring set out in Article 8b of
Directive 2008/105/EC (European Commission, 2018). About 60% (three out of five) of the
pharmaceutical analytes measured at the water sampling sites demonstrated 0% compliance rate.
These analytes were estrone, 17a ethynylestradiol and bisphenol A. Meanwhile, 33% (one out of
three) of the herbicide analytes showed 0% compliance rate, namely atrazine. Amongst the 12 water
sampling sites assessed for ECs, water sampling site F8 recorded the highest concentration levels of
four analytes, namely carbamazepine, atrazine, metolachlor and terbuthylazine. In contrast, water
sampling site F2 revealed the lowest concentration levels of four analytes, namely carbamazepine,
estrone, atrazine, and metolachlor, which might be attributed to low flow. Overall, the results of the
emerging contaminants in the Fonteinspruit stream illustrated that there is a high presence of

emerging contaminants in the stream water, which is adding to the deterioration of the stream water.
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Chapter 6

Results of Ecological Water Quality in the Fonteinspruit
Stream

6.1 Introduction

For this study, the ecological water quality in the Fonteinspruit stream was assessed in order to
determine the ecological state of the stream. A total of eight aquatic macroinvertebrate families were
found in the various biotopes, such as stones (S), vegetation (VEG) and gravel, sand and mud (GSM),
at the 12 macroinvertebrate habitat water sampling sites in one water sampling round, in the autumn
season. These aquatic macroinvertebrate family groups belonged to various orders, including
annelida, ephemeroptera, odonota, hemiptera, coleopteran and diptera. Two annelida
macroinvertebrate families identified in the stream were comprised of the oligochaeta and hirudinea
macroinvertebrate families. Baetidae was the only macroinvertebrate family belonging to the order of
ephemeroptera that was identified. The two odonota macroinvertebrate families that were found in the
Fonteinspruit stream were coenagrionidae and libellulidae. Corixidae, hydrophilidae and chironomidae
macroinvertebrate families belonging to the orders hemiptera, coleoptera and diptera, respectively,

were also amongst the macroinvertebrate families that were identified in the Fonteinspruit stream.

To determine the range of the degree of impairment and the diversity of aquatic macroinvertebrate
families found in the Fonteinspruit steam, the South African Scoring System (SASS) method was
applied. The SASS scores and ASPT values for each of the 12 macroinvertebrate habitat water
sampling sites were classified using the Biological bands for Highveld Ecoregion modelled reference

(Dallas, 2007).
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6.2 Results of aquatic macroinvertebrates

For this study, the eight aquatic macroinvertebrate families identified at the 12 macroinvertebrate
habitat water sampling sites in the Fonteinspruit stream varied in many respects. Some aquatic
macroinvertebrate families were confined to those parts of the stream where chemical and physical
conditions were suitable for them. However, due to the flow changes and seasonal changes, other
macroinvertebrate families were found along the length of the stream. Table 6.1 provides a description
of these aquatic macroinvertebrate families in terms of their structure, behaviour and their natural

habitats. This information was obtained from Gerber and Gabriel (2002).

Table 6.1 Description of aquatic macroinvertebrate families found at the 12 macroinvertebrate

habitat water sampling sites.

Order Family Description

Known as earthworms, typically with soft, slender and
Oligochaeta elongated bodies; this family inhabit swamps and

muddy areas in the streams.
Annelida

Segmented and flattened worms with rear slightly wider
Hirudinea than front; inhibit shallow pools or quiet areas in the

stream.

Aquatic insect family with elongated, cylindrical or
Ephemeroptera Baetidae flattened body and inhabits rocks, plants or coarse sand

in moderately flowing streams.

Aquatic insect family with slender bodies and leaf-like
Coenagrionidae gills, pointed tips; inhabits the slow-moving or still water

areas in the stream
Odonota

Aquatic insects with oval bodies and triangular heads,
Libellulidae which breed in still-water; can thrive in water with low

dissolved oxygen levels and very slow flowing streams.
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Order Family Description
Also known as water boatmen; a family of aquatic
Hemiptera Corixidae insects that are small cigar-shaped and widely found in
slow flowing streams or muddy areas in streams.
Also called water scavenger beetles; have oval bodies
» with rounded backs; live in muddy patches along the
Coleoptera Hydrophilidae . .
stream and quiet shallow pools or slow edges in
streams.
A large and diverse family of flies, commonly known as
) . . ‘non-biting flies” with narrow bodies and long legs. This
Diptera Chironomidae

family inhabits the bottom of the stream and may thrive

in low oxygen or heavily polluted habitats.

6.2.1 Aquatic macroinvertebrate families

A number of aquatic macroinvertebrate families were identified at the various macroinvertebrate

habitat water sampling sites in the Fonteinspruit stream. Three of the eight aquatic macroinvertebrate

families were found in more than 50% of the macroinvertebrate habitat water sampling sites. These

aquatic macroinvertebrate families were the oligochaeta, corixidae and chironomidae families of the

orders annelida, hemiptera and diptera, respectively (Table 6.2). However, the family of oligochaeta

found at 10 of the macroinvertebrate habitat water sampling sites in the Fonteinspruit stream,

demonstrated a far greater total number than the other aquatic macroinvertebrate families.
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Table 6.2 Aquatic macroinvertebrate families at the 12 water sampling sites.
Sampling site Fi | F2 | /3 | Fa | F5 [ F6 | F7 | F8 | F9 | F10 | F11 | F12 Total
Taxa number of
ANNELIDA each family
Oligochaeta 1 1 1 2 3 3 1 4 2 3 21
Hirudinea 1 2 1 1 1 6
EPHEMEROPTERA
Baetidae 1 2 1 1 5
ODONOTA
Coenagrionidae 1 2 3
Libellulidae 1 1
HEMIPTERA
Corixidae 1 1 1 2 1 1 7
COLEOPTERA
Hydrophilidae 1 1 2
DIPTERA
Chironomidae 1 1 9 1 1 9 8
Number of families 1 2 3 4 2 2 2 5 6 2 3 4
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To obtain a visual perspective of the number of aquatic macroinvertebrate families found at the 12
macroinvertebrate habitat water sampling sites, a histogram was constructed. A histogram clearly
shows that the aquatic macroinvertebrate families found at the macroinvertebrate habitat water
sampling sites F4, F8, F9 and F12 were substantially greater than at the other macroinvertebrate
habitat water sampling sites. However, the macroinvertebrate habitat water sampling site F9 stood out
with the greatest number of aquatic macroinvertebrate families (Figure 6.1). This might be attributed
to the pollution tolerant aquatic macroinvertebrate families found at this macroinvertebrate habitat

water sampling site.
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Number of
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F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12
Sampling sites

Figure 6.1 Histogram showing the number of macroinvertebrate families at the 12 water sampling

sites.

6.2.2 Sensitivity classification of aquatic macroinvertebrate families

The sensitivity levels of the eight aquatic macroinvertebrate families found in the Fonteinspruit stream
were derived from the tolerances to pollution as previously used in the SASS 5 scoring system (Gerber
& Gabriel, 2002). All the aquatic macroinvertebrate families found in the Fonteinspruit stream were
apportioned sensitivity scores, with 1-5 scores indicating families that are highly tolerant to pollution.
For this study, all the aquatic macroinvertebrate families found at the 12 macroinvertebrate habitat

water sampling sites fell below the scale of five (Table 6.3).
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Table 6.3 Aquatic macroinvertebrate families with their sensitivity scores.
Observed families Sensitivity scores
ANNELIDA
Oligochaeta 1
Hirudinea 3
EPHEMEROPTERA
Baetidae 4
ODONOTA
Coenagrionidae 4
Libellulidae 4
HEMIPTERA
Corixidae 3
COLEOPTERA
Hydrophilidae 5
DIPTERA
Chironomidae 2

The number of the aquatic macroinvertebrate families found in the Fonteinspruit stream varied greatly
amongst the 12 macroinvertebrate habitat water sampling sites. Water sampling sites F8 and F9
demonstrated the highest number of aquatic macroinvertebrate families (Table 6.4). Although the
SASS scores of both of these water sampling sites were the highest amongst the water sampling sites,
the mean sensitivity per taxon indicated by ASPT was below three. This indicated that the aquatic
macroinvertebrate families found at macroinvertebrate habitat water sampling sites F8 and F9 were

highly resistant to pollution conditions.
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Table 6.4 Number of taxa, SASS scores and ASPT values at the 12 water sampling sites.

Sampling Number of  SASS score ASPT

sites taxa
F1 1 1 1
F2 2 8 4
F3 3 11 3.7
F4 4 9 2.3
F5 2 6 3
F6 2 5 2.5
F7 2 3 1.5
F8 5 13 2.6
F9 6 18 3
F10 2 4 2
F11 3 6 3
F12 4 9 2.3
Mean 3 7.8 2.6
Median 25 7 2.6
Range 5 17 3
Min 1 1 1
Max 6 18 4
SD 1.5 4.7 0.9

6.2.3 Classification of the pollution condition

The SASS 5 scores and ASPT values at the 12 macroinvertebrate habitat water sampling sites in the
Fonteinspruit stream revealed substantially low values. The classification of SASS 5 and ASPT values
was done in terms of the Biological bands and Ecological categories for Highveld - lower Ecoregion
modelled reference (Dallas, 2007). Overall, the SASS 5 score and ASPT values for each
macroinvertebrate habitat water sampling site in the Fonteinspruit stream fell within the E/F Biological

bands and Ecological Categories (Table 6.5). This is attributed to the SASS 5 score and ASPT values,
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which were below 30 and 4.2 (Dallas, 2007), respectively. Thus, the 12 macroinvertebrate habitat

water sampling sites were classified as critically impaired and only a few macroinvertebrate families

tolerant to pollution conditions in the stream were present.

Table 6.5

Classification of the SASS 5 score and ASPT values at the 12 water sampling sites.

Sampling  SASS5
site score ASPT
F1 1 1
F2 8 4
F3 11 3.7
F4 9 2.3
F5 6 3
F6 5 2.5
F7 3 1.5
F8 13 26
F9 18 3
F10 4 2
F11 6 3
F12 9 2.3

* = according to Dallas (2007); Black = Class F

Bands

Condition*

Critically impaired

Critically impaired

Critically impaired

Critically impaired

Critically impaired

Critically impaired

Critically impaired

Critically impaired

Critically impaired

Critically impaired

Critically impaired

Critically impaired

A scatter plot was constructed to discern the pattern of the ASPT values at the 12 macroinvertebrate

habitat water sampling sites in the Fonteinspruit stream. Figure 6.2 clearly indicates that the spread

of the ASPT values for all the macroinvertebrate habitat water sampling sites fell in the E/F Biological

Bands/Ecological Categories (Dallas, 2007). This is an indication of a critical degree of impairment at

all the macroinvertebrate habitat water sampling sites in the Fonteinspruit stream.
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Figure 6.2  Scatter plot of SASS 5 scores at the 12 macroinvertebrate habitat water sampling

sites using Biological bands - Highveld lower Ecoregion (Dallas, 2007).

6.3 Summary

For this study, multiple aquatic macroinvertebrate families were found at the various macroinvertebrate
habitat water sampling sites in the Fonteinspruit stream. Almost 100% of these identified aquatic
macroinvertebrate families were highly tolerant to pollution conditions and this is indicated by their
respective tolerance scores (SASS score) as used in the SASS 5 scoring system (Gerber and Gabriel,
2002). Amongst all these aquatic macroinvertebrate families, which are tolerant to pollution conditions,
the oligochaeta family, belonging to the order Annelida, was found in more than 80% of the
macroinvertebrate habitat water sampling sites. The macroinvertebrate habitat water sampling sites
F8 and F9 demonstrated a relatively high number of aquatic macroinvertebrate families with more than

five compared with the other macroinvertebrate habitat water sampling sites.
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The classification of pollution conditions at macroinvertebrate habitat water sampling sites in the
Fonteinspruit stream illustrated that the stream is critically impaired. This is indicated by the SASS
scores and ASPT values, which for all the water sampling sites, fell in the E/F categories (Dallas,
2007). Thus, only a few tolerant families were present in the Fonteinspruit stream. The anthropogenic
activities, which might have contributed to the impairment of the stream and macroinvertebrate
diversity, include solid waste disposal and overflow of untreated sewage as well as urban, industrial
and agricultural runoff along water sampling sites F1, F4, F8, F9, F10 and F12. The increased erosion,
due to overgrazing by roaming animals near water sampling sites F5, F6 and F7, might have also
given rise to this impairment. The increased input of sediment attributed to new settlements, solid
waste disposal and the overflow of untreated sewage along the macroinvertebrate habitat water
sampling site F10 might have contributed significantly to the impairment of natural habitat and the

diversity of aquatic macroinvertebrates.
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Chapter 7

Discussion and Conclusion

7.1 Introduction

In this study, the quality of the water in the Fonteinspruit stream was measured at 12 water sampling
sites. This stream originates in the city of Bloemfontein and feeds into the Blou dam on the eastern
side of the city from where it flows to join the Bloemspruit and Renosterspruit streams, also to the east,
before eventually leading into the Modder River on the outskirts of Bloemfontein. The Fonteinspruit
stream drains an area of about 17 km?, in which a Water Treatment Plant, high-density residential
areas, informal settlements, agricultural activities and industrial areas are found. Early in the 21st
century, Pretorius et al. (2002) showed that the Fonteinspruit stream was highly polluted with high
levels of dissolved inorganic nitrogen, phosphate and dissolved solids in the stream water as well as
faecal bacteria, which could mostly be attributed to municipal sewage, industrial and agricultural
wastewater flowing into the Fonteinspruit stream. In a later study, Nyoh (2015) confirmed that the
Fonteinspruit stream was still heavily polluted and that the extent of the pollution was increasing,
mostly because of the Water Treatment Plant effluent and a leaking sewage pipe. This study was,
therefore, undertaken to establish the water quality of the Fonteinspruit stream and what the impact

was on aquatic organisms living in the stream.

7.2 Water quality in the Fonteinspruit stream

Several categories of water quality properties were measured in this study to obtain an understanding
of the extent of the pollution in the water at the 12 water sampling sites in the Fonteinspruit stream.
These water quality properties included physical, chemical and microbiological properties. The
physical properties analysed were the measurement of electrical conductivity (EC), pH, turbidity,
temperature, dissolved oxygen (DO) and chemical oxygen demand (COD); the chemical properties

were the measurement of ammonia, nitrate, sulphate, phosphate and total hardness; and for the
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microbial properties the bacterial coliforms and Escherichia coli (E. coli) were enumerated. Because
of the increase in emerging contaminants (ECs) in surface water (Lei et al., 2015), the concentrations
of three pharmaceutical drugs, namely carbamazepine, estradiol and 17a ethynylestradiol; one
plasticizer, namely bisphenol A; and three herbicides, namely atrazine, metolachlor and

terbuthylazine, were also measured in this study.

In this study, the majority of water quality properties, including the ECs, were beyond various standard
limits applied in this study. Eight of the thirteen physical, chemical and microbiological water quality
properties, namely turbidity, EC, COD, DO, ammonia, phosphate, bacterial coliforms and E. coli were
greater than the various limits of the EU Surface Water Directives and South African Water Quality
Guidelines. All groups of ECs were relatively high when compared with Canadian Environmental
Quality Guidelines (CCME, 2018) and Watch-list of substances set in Article 8b of Directives
2008/105/EC (European Commission, 2018). The percentage of compliance rates for both the
conventional water quality properties and ECs, particularly for turbidity, phosphate, E. coli, bacterial
coliforms, carbamazepine, estrone, 17a ethynylestradiol, bisphenol A, atrazine, metolachlor and
terbuthylazine, were below 20%. The low percentage compliance rates could be related to the

increased sewage that flows into the stream (Nyoh, 2015).

One of the water quality properties that were of particular concern was turbidity. All measurements of
turbidity exceeded the limit of 1.0 NTU (EPA, 2001), with measurements ranging from approximately
2 NTU to more than 120 NTU. These relatively high measurements in turbidity could be attributed to
thunderstorms at the time of the study, which caused vast volumes of soil to be washed into the
Fonteinspruit stream, thereby increasing the level of turbidity. The occurrence of heavy rain and
thunderstorms is generally responsible for changes in the level of turbidity. During 2014, heavy rain
caused a dramatic increase in the level of turbidity in 33 water bodies, made up of 9 dams, 13

depression wetlands and 11 rivers, covering the bulk of the Eastern Cape Karoo region (Mabidi et al.,
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2017). Heavy sedimentation from suspended lime-rich soils and sandstone sediments caused by the
rain was washed into the Eastern Cape Karoo water bodies (Mabidi et al., 2017). These high turbidity
levels may have effects on the aquatic macroinvertebrates. Sedimentation, caused the increased
turbidity in the surface freshwater systems and larvae of almost all species of dragonflies and

damselflies (odonata) are susceptible to changes in turbidity levels. (Mabidi et al., 2017).

Similar to turbidity measurements, phosphate measurements were also of great concern. Phosphate
measurements were significantly high for most of the water sampling sites, exceeding the EU surface
water limit of < 0.7 mg/L (EPA, 2001), with measurements ranging from approximately 0.9 mg/L to
more than 26.8 mg/L. This finding concurred with the Pretorius et al. (2002) study, which revealed that
the Fonteinspruit stream was highly concentrated with phosphate. The high concentration levels of
phosphate in the stream could strongly be linked to municipal sewage that flows into the stream,
particularly at water sampling sites F8 to F12, and water runoff carrying faeces of domestic animals
that roam and defecate near the stream (Pretorius et al., 2002). Phosphate can enter rivers and
streams as either the constituent of effluent from wastewater treatment plants, leaking pipes and

sewage overflow (Guldhe et al., 2017).

High levels of phosphate contribute to the loading of nutrients in the water which may lead to
eutrophication. Eutrophication is directly caused by an excessive richness of nutrients, which often
comes through runoff from the land into the rivers and streams (Guldhe et al., 2017). Eutrophic water
induces the excessive growth of algae bloom, but when the water conditions do not favour the bloom
anymore, the algae die and decompose. The decomposition of algae, assisted by bacteria such as
toxic cyanobacteria, depletes the oxygen in the water through cellular respiration, thereby affecting

other aquatic species (Da Costa et al., 2018).
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The presence of E. coli and faecal coliforms in the Fonteinspruit stream yielded concerns as well. The
bacterial count for both of these faecal pollution indicators exceeded the standard limits of < 1,000
cfu/100 mL (DWAF, 1996d), with the bacterial counts ranging from 1,100 cfu/100 mL to more than the
test limits of >2,419.6 cfu/100 mL. The solid waste and mostly uncontrollable faecal pollution that
abound throughout the stream area because of sewage overflow, could have contributed to the high
count of E. coli and coliforms in the water, particularly at water sampling site F8. The primary source
of faecal pollution in water sources is often attributed to leakage in sewer pipes (Malla et al., 2018).
However, high levels of E. coli, and faecal coliforms do not have direct effects on the aquatic

macroinvertebrates (Palmer et al. cited in Nyoh, 2015).

High concentration levels of a group of pharmaceutical drugs measured in the Fonteinspruit stream
were of particular concern. The high concentration levels of pharmaceutical drugs, including
carbamazepine, estrone and 17a ethynylestradiol, exceeded the limits of 10 pg/L (CCME, 2018), <
0.4 ng/L (European Commission, 2018) and < 0.035 ng/L (European Commission, 2018), respectively.
The concentration levels of carbamazepine ranged from approximately 13 pg/L to more than 160
Mg/L; estrone concentration levels ranged from 1 ng/L to more than 18 ng/L; and 17a ethynylestradiol
concentration levels ranged from around 150 ug/L to more than 900 ug/L. The occurrence of
pharmaceutical drugs in the stream can mostly be attributed to pollution by domestic sewage and
industrial effluent as a result of manhole overflow into the stream. For example, municipal wastewater
or sewage overflow was considered as one of the principle discharge sources for the emanation of
pharmaceutical drugs in rivers in India (Gogoi et al., 2018). Another study revealed that
pharmaceuticals occur as a result of sewage being discharged into the receiving surface waters

(Oetken et al., 2005).

High concentration levels of pharmaceutical drugs affect aquatic macroinvertebrates. Although the

antiepileptic drug carbamazepine showed low acute toxicity to aquatic macroinvertebrates, particularly
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the oligochaete, Lumbriculus variegatus and snail, Potamopyrgus antipodarum, significant and chronic
effects on the population and emergence of the non-biting midge, Chironomus riparius were reported
in the water bodies of Germany (Oetken et al., 2005). Despite the presence of carbamazepine in
surface waters, there are still too few studies done on the effects of carbamazepine on aquatic
macroinvertebrates (Jarvis et al., 2014). Bhandari et al. (2015) concurred that significant effects of
related steroid sex hormones, such as estradiol and17a ethinylestradiol, on aquatic

macroinvertebrates have not been adequately studied (Bhandari et al., 2015).

In this study, high concentration levels of bisphenol A (BPA) were also recorded at most sites in the
Fonteinspruit stream. The bisphenol A concentration levels exceeded the standard of < 1.4 pg/L
(Canadian Environmental Protection Act, 1999), with concentration levels ranging from approximately
20 pg/L t0 800. pg/L. The presence of this endocrine disruptor in the water could have originated from
the leaching of various household and commercial products, such as sanitary/hygiene towels and
plastic packaged food and beverage containers, discarded at the illegal dumping sites near the stream.
BPA, primarily used as an intermediate in the production of polycarbonate plastic and epoxy resins,
has been reported to leach from various products, including tin cans and food contact items, and the
plastic leachate (Mathieu-Denoncourt et al., 2015). During wastewater treatment, BPA is often
transported to rivers and streams as part of the effluent. BPA thus settle onto sediment and this is how
it affects aquatic macroinvertebrates (Staples et al., 2016). Although no studies could be found which
have revealed chronic toxicity of BPA to aquatic macroinvertebrates through direct sediment exposure,
one study where the sediment was spiked with BPA in the water bodies of North Carolina, USA,
showed that high concentration levels of BPA reduced the diversity of aquatic macroinvertebrates

families of oligochaete and midge (Staples et al., 2016).

High concentration levels of a group of herbicides were recorded at most of the water sampling sites

in the Fonteinspruit stream. The high concentration levels of herbicides, including atrazine,
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metolachlor and terbuthylazine, exceeded the limits of < 1.8 pg/L (CCME, 1999), < 7.8 ug/L (CCME,
1999) and < 0.007 mg/L (WHO, 2003), respectively. The concentration levels of atrazine ranged from
about 7 pg/L to more than 250 pg/L; metolachlor concentration levels ranged from 8 pg/L to more
than 200 pg/L; and the concentration levels of terbuthylazine measurements ranged from
approximately 0.060 mg/L to more than 0.400 mg/L. The atrazine, metolachlor and terbuthylazine may
have originated from surface water runoff containing herbicides and domestic wastewater from the

residential lawns.

Although little is known about the effects of herbicides, such as atrazine, metolachlor and
terbuthylazine on aquatic macroinvertebrates, indirect effects on the aquatic ecosystem, such as the
death and decay of submerged aquatic plants, have been reported (Ralston-Hooper et al., 2009). The
decay of aquatic plants may affect the oxygen-carbon dioxide balance of the water and the levels of
pH, which in turn, affect the aquatic macroinvertebrates (Huber et al., 2016). For example, the pH and
oxygen decreased in Netherlands water bodies in 1998 after being exposed to a mixture of the
herbicides atrazine and metolachlor and the total number of aquatic macroinvertebrates decreased

slightly (Hartgers et al., 1998).

7.3 Overall water quality of the Fonteinspruit stream

Several methods are often employed to determine the overall quality of water through the calculation
of a single value index, taking the measurements of many water quality properties into account. Some
of these indexes, the US National Sanitation Foundation Water Quality Index (NSFWQI), Florida
Stream Water Quality Index (FWQI), British Columbia Water Quality Index (BCWQI) and the Oregon
Water Quality Index (OWQI), provide a single value that describes the overall quality of water at a
particular site using measurements from a single season (Poonam et al., 2013). In contrast, the
Canadian Council of Ministers of the Environment Water Quality Index (CCME-WQI) is applied to

calculate the overall water quality by combining water quality data from more than one season or water
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sampling round (CCME, 2017). The CCME-WQI is suitable for grading the quality of water using the
five grades categorisation, which are ‘excellent, good, fair, marginal and poor’ for different index score
values (CCME, 2017). As three water sampling rounds of water quality measurements were
undertaken in this study, the CCME-WQI (CCME, 2017) was used to describe the overall water quality

at the 12 water sampling sites sampled along the Fonteinspruit stream.

The calculated composite CCME-WQI showed that the water quality was poor at all the water sampling
sites in the Fonteinspruit stream, with values of 45 and less. These rather low CCME-WQI (CCME,
2017) values indicate that the water in the Fonteinspruit stream contained contaminants in
concentrations greater than the acceptable levels when compared with standard limits of the South
African Water Quality Guidelines (DWAF, 1996a) and the European Union Surface Water Directives
(Environmental Protection Agency, 2001). In this study, this view is supported by the absence of many
sensitive macroinvertebrate families. Aquatic macroinvertebrates and their habitats are often used to
determine the state of the water of environmental resources (Ollis, 2005). Many aquatic
macroinvertebrates are sensitive to the presence of contaminants in water and cannot survive in
polluted waters, therefore by analysing the number of individual and aquatic macroinvertebrate

families in water is often used as an indicator of the quality of water (Ollis, 2005).

7.4 Health conditions of Fonteinspruit stream

In this study, the health conditions of water collected at the 12 water sampling sites in the Fonteinspruit
stream revealed that the Fonteinspruit stream is significantly impaired. This was demonstrated by the
presence of aquatic macroinvertebrate families belonging to orders of annelida, ephemeroptera,
odonota, hemiptera, coleopteran and diptera, which are all (eight) classified as highly tolerant to
pollution in terms of the SASS 5 scoring system (Gerber & Gabriel, 2002). Although corixidae and

chironomidae families of the orders hemiptera and diptera respectively, were found in more than half
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of the aquatic habitat water sampling sites, the family of oligochaeta (annelida) was recorded at most

of the water sampling sites but with low numbers of families ranging from 1 to 4.

The presence of mainly tolerant aquatic macroinvertebrate families and the absence of sensitive
families in the Fonteinspruit stream demonstrated that the Fonteinspruit stream is highly impaired.
This outcome concurs with the study in North Carolina, USA, which showed that the presence of only
chironomidae and oligochaeta families in the stream signals the stream is poor (Staples et al., 2016).
Again, in the study that was done in the Klip River of South Africa, the presence of only chironomidae
and oligochaeta families showed that the health conditions of the river was impaired (Nyoh, 2015).
Table 7.1 provides an overall summary of conditions at the water sampling sites and human-induced

activities affecting the health status of the water sampling sites in the Fonteinspruit stream.

Table 7.1 Overall summary of conditions at the water sampling sites and human-induced

activities affecting the health status of the water sampling sites in the Fonteinspruit

stream.
Sampling Condition* Human-induced activities
site
F1 Critically impaired  Overflowing manhole and open
disposal of solid waste
F2 Critically impaired  Open disposal of solid waste
F3 Critically impaired  Open disposal of solid waste
F4 Critically impaired  Overflowing manhole and open
disposal of solid waste
F5 Critically impaired ~ Unrestrained presence of domestic
animals
F6 Critically impaired  Unrestrained presence of domestic
animals and illegal dumping sites
F7 Critically impaired  Unrestrained presence of domestic

animals and illegal dumping sites
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Sampling Condition* Human-induced activities
site
F8 Critically impaired ~ Wastewater from car-wash facility

and car panel-beating outlets

F9 Critically impaired  Overflowing manhole and solid

waste

F10 Critically impaired  Overflowing manhole and solid

waste

F11 Critically impaired  Open disposal of solid waste

F12 Critically impaired  Open disposal of solid waste

7.5 Limitations of the study

This study was limited by lack of available analytic methodologies for the analysis of emerging
contaminants. This meant that the number of ECs identified at the 12 water sampling sites in the
Fonteispruit stream was limited. No prior study was found on the assessment of emerging
contaminants in the Fonteispruit stream. This can be an obstacle in finding a trend of present ECs in

the Fonteinspruit stream.

7.6 Suggestion of future studies

The vast majority of emerging contaminants (ECs) are currently not assessed or regulated. In South
Africa, there are no standards for ECs, as a result, the country relies on the use of standards developed
in other countries. This means that there is limited identification and quantification of ECs in water or
wastewater. More scientific studies on the presence of emerging contaminants in surface water bodies
and their effects on the aquatic ecosystems could be conducted. This will not only help with the
identification of these ECs but incorporate new information and environmental quality guidelines that

are periodically released by Canadian Council of Ministers of the Environment CCME (CCME, 1999).
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7.7 Recommendations

Interventions, such as the employment of municipal services, including improved waste collection and

infrastructural maintenance of sewer systems/network, and strict application of existing regulations

and bylaws on human activities, will help improve the water quality in the Fonteinspruit stream.

7.8 Practical applicability

The practical application of this study and the revealed results were postulated in terms of:

1.

Waste water management: One of the major concerns in waste water management is the
need to find cost-effective and appropriate methods of monitoring pollution. Various water-
polluting activities in the Fonteinspruit stream such as leakage or overflow of municipal
sewage, particularly along water sampling sites F8 to F12 and discharge of untreated waste
water from Waste Water Treatment Plants into the stream affect the water quality in the
Fonteinspruit stream. Therefore, the management of waste water could play a crucial role in
lowering the adverse impact on natural ecosystems. Innovative measures and available
technology are required to mitigate the risk of unregulated discharges including water quality
monitoring and this could also increase the accessible quantity of water (Mhlongo etal., 2018).
The Department of Water and Sanitation (DWS) could also reinforce its previously
implemented incentive-based programme (Blue and Green Drop certification) as a quality
measure of the microbiological and chemical qualities of drinking water and effluent (Mhlongo
etal., 2018).

Waste management: South Africa has a fairly high rate of waste generation compared to other
developing countries, with an unequal amount of this waste being generated by the affluent.
This contributed to the development of policy and legislation, such as the enactment of the

National Environmental Management: Waste Act (NEM: WA) (Act 59 of 2008). The Act seeks
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to regulate waste management and the environment by providing environmentally sound
waste management measures for the prevention of pollution and ecological degradation.
Central to the implementation of the act is the application of a hierarchy of waste management
which focuses on waste avoidance and minimization rather than disposal. There is dire need
for improvements in provision of waste services such as waste removal, particularly along
water sampling sites F1, F2, F3, F6 and F7. As compliance and enforcement in SA have been
empowered through ‘Green’, as well as ‘Blue Scorpions’, further resources need to be
allocated to ensuring that the policy and legislation is translated into the regulatory framework.

3. Health education: More health education is needed and should be imparted in communities
and industrial areas (Hamilton areas). This will help create the awareness on the importance
of waste management and healthcare waste management at various facilities and
establishments, particularly near water sampling site F8 where Batho clinic is located.

4. Use of pesticides: Pesticides are an important group of emerging contaminants in surface
water bodies. This is due to their pesticidal actions which include herbicides, fungicides,
insecticides, nematicides, and plant growth regulators, and others, and their presence in
surface water bodies has generated significant concerns regarding the risk of estrogenic and
other adverse effects on humans. Since these compounds are designed for external usage,
they are easily released into aquatic environments. The frequent use of pesticides for
agricultural purposes must be closely monitored so that the adverse impact caused by the

pesticides on the runoff is limited.

7.9 Conclusion

The results of this study revealed that the overall water quality in the Fonteinspruit stream was poor.
The poor quality of the Fonteinspruit stream water could be mainly attributed to human activities along

the embankments of the stream. These activities included extensive littering and open disposal of
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solid waste as well as municipal and industrial wastewater that overflowed into the stream. Domestic
wastewater from informal trading establishments, such as the car-wash facility; unrestrained presence
of domestic animals near the stream; and other land use activities, such as informal agriculture and
informal backyard industries (car panel-beating), seem to have directly and indirectly contributed to

the poor water quality in the Fonteinspruit stream.

The constant use of the Fonteinspruit stream water can have adverse effects on human health and
aquatic life. The residents in the area use the water in the stream for various purposes, such as
swimming, fishing and cultural activities (ritual body cleansing), and animals also drink the stream
water. The exposure of residents to poor water quality through contact or inhalation of contaminants
when swimming may result in skin rashes, throat, ear infections, irritation of eyes and mucous
membrane (DWAF, 1996a) while animals may also contract diseases from drinking the polluted water
(Nyoh, 2015). The loading of nutrients, such as phosphate, in the stream may further cause the stream
to be more eutrophic. Eutrophic stream water may lead to the rapid growth of toxic algal blooms and
this may lead to oxygen depletion for the other aquatic organisms that need oxygen for respiration

(Inostroza et al., 2017).
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