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ABSTRACT

Population growth in developing cities is putting pressure on the wastewater treatment plants. The
improper treated sewage entering the aquatic environment deteriorates the water quality of the
receiving water resource. The Mooi River Catchment has been a centre of attention and a number
of research studies on significant pollution sources have been undertaken. However, very little has
been done about the impacts of sewage discharges into the water bodies in the Mooi River
Catchment. The aim of the study was to determine the possible negative impact of pollution
injection by sewage treatment plants located within the Mooi River Catchment area. The study
looked at how the discharges affect the water quality of the Mooi River system in relation to the

regularised discharge of treated water into the receiving water environment.

This study assesses the impact of wastewater discharges from the Kokosi, Flip Human and
Potchefstroom Wastewater Treatment Works, on the Loop Spruit; Wonderfontein Spruit and Mooi
River, respectively. Data received from Department of Water and Sanitation (DWS) was analysed
for the sites upstream and downstream of the wastewater discharges. The results were then
analysed using a student’s t-test to determine if there is any significant change in water quality
between the points upstream and downstream. The data analysed for physico-chemical and
microbiological parameters were checked against compliance with the national and international
water and wastewater guidelines and standards. Water quality results upstream and downstream
of the various wastewater treatment works were evaluated and tested for significant differences

between upstream and downstream.

The data on the physico-chemical and the microbiological parameters such as pH, electrical
conductivity, suspended solids, ammonia, nitrate, phosphate, chemical oxygen demand, faecal
coliforms and E. coli of the water of the Loop Spruit, Wonderfontein Spruit and the Mooi River for
the period 2015 to 2018 was received from DWS and collated for analysis. Furthermore, included
for comparison was data from the period 2001 to 2002 as the reference data. The river water
guality data were for samples taken downstream of the discharge points of wastewater treatment
works (WWTWSs) located in the three rivers. Upstream samples were also included for comparison
purposes. To evaluate the quality of the receiving water, the combined data were compared
against set national and international water and wastewater guidelines and standards as well as

the Water Use Licences for the three wastewater works (Kokosi, Flip Human and Potchefstroom).

Data revealed instances during the period July 2015 to January 2018 at which the concentrations
and values of most of the physical, biochemical and microbiological quality indicators were higher
than those expected for natural surface water. Comparative analysis of the data at the sampling

points located downstream against their respective upstream of the discharge points into the rivers
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suggested there were occasions where the WWTWs discharged treated wastewater which was of
poor quality into the rivers, leading to an increase in the water quality parameters such as
conductivity, nitrates, ammonia, orthophosphate, suspended solids, COD, E. coli and faecal

coliforms.

It is possible that on these occasions, the quality of the treated wastewater from the WWTWSs were
non-compliant with the guidelines on Water Use Licence for authorised discharge. This could arise
if there was incidences of lapse and failure to adhere to the process quality control protocols on the
water treatment process at the WWTWSs. Thus, the results indicate that discharging treated water
from the WWTWSs deteriorated the quality of water of the Mooi River and its tributaries. More
concerning were the elevated levels of the pathogenic bacteria as was observed by high values in
the microbiological quality parameters (total coliform (faecal) count and E. coli count) of the
receiving water. Ideally, surface water should be free from any form of pathogens (E. coli = 0;
Faecal less than 0), as these pose a serious health risk, ranging from diarrhoea to sudden death.
The results from the t-test statistical analyses indicated that there was significant difference
between the upstream and downstream water quality for the following parameters and sites:
electrical conductivity at Flip Human (71.8 and 84.6 mS/m) and Potchefstroom (72 and 101 mS/m),
nitrates at Kokosi (5 and 6.08 mg/l), ammonia at Kokosi (0.002 and 1.88 mg/l), Flip Human (0.006
and 0.56 mg/l) and Potchefstroom (0.01 and 0.32 mg/l), orthophosphate at Kokosi (1.079 and 2.26
mg/l) and Flip Human (0.07 and and 2.7 mg/l) and E. coli at Kokosi (23 and 928.9 cfu/100mL).

Even when the discharge is regularised and planned there might be a long term effect on the self-
sustainability of the aquatic ecosystems along the three rivers as well as the attaching a health risk
to users, livestock and wild life. Most of the monitored parameters relevant to wastewater
discharge in the receiving river system exceeded the National and international quality standards

and the water use licence limits set for discharging WWTWs.

Key words
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treatment works, eutrophication, physico-chemical parameters, and microbiological parameters.
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CHAPTER 1: INTRODUCTION

1.1 BACKGROUND

Water quality is an essential aspect in meeting basic human needs. Water quality is a measure of
the condition of water resources relative to the requirements of the living organisms and human
needs. It is defined as the physical, chemical and biological characteristics of water (United
Nations, 2007). Water supports all forms of animal and plant life. Human settlements, including
modern urban cities, have always been located strategically closer to reliable sources of water
such as rivers or dams (Fisher et al., 2000). This is because humans and their livestock all need
water for hydration (drinking). In addition, humans need water for almost all their domestic activities
such as cooking, washing, bathing and tidying. Further, water is also used for non-domestic
purposes like agricultural irrigation (a key component to reliable food supply for mankind) and
numerous industrial processes. As a result, the growth of settlements (urban or rural) has always
been intertwined to a reliable supply of fresh water. The water reserves further contribute as

watersheds for recharging of groundwater (Hemamalini et al., 2017).

The use of water for both domestic and commercial activities has also presented challenges due to
its possible pollution, especially in urban centres where industrial activities are taking place and
rapid growth of population coupled with climate change effects have presented water pollution risks
(Nriagu, 1996; Carpenter et al., 1998). Pollution results in water shortages faced for many
countries (Cheng et al., 2009). Water pollution decreases the usefulness of water and it poses
risks to human heath and to the aquatic environment (James, 2008). Thus, water that is of good
guality is a basic and important need for all living things to survive. Therefore, water pollution is not
only a challenge to mankind but also to these aquatic ecosystems, with potential adverse effects of

their ecological balance and self-sustainability.

Pollution of water resources especially in the urban metropolitans and towns deteriorates the
guality of fresh surface and ground water resources. This problem has become more severe in the
Southern Africa region (Amadi, 2010). Most of the wastes which may contaminate water are of
industrial and agricultural origins and are laden with synthetic and usually non-biodegradable
chemical wastes and residues. Domestic and industrial activities often result in the discharge of
various contaminants into the water environment thereby deteriorating the quality of the water
(Dickens and Graham, 1998). The known contaminants include organic and inorganic chemicals,

nutrients, radioactive materials, pathogens, colloidal wastes (sludge, sediments soil, organic




matter, forms, oils and gels) (Feng et al., 2004). These anthropogenic activities also threaten the
health balance of the ecosystem and diversity of the aquatic species (Imoukhuede and Afuye,
2016, Moyo and Mtetwa, 2002). The complexity and composition of wastewater also make the cost
of the biochemical treatment of such polluted water very high (Schdélzel and Bower, 1999).

The negative impact of water pollution is exacerbated in urban settlements due to their rapid
growth in population and industrialisation. This normally is not matched be an up-scaling of service
delivery and provision of sanitation and amenities. These urban centres are attractive destinations
for rural folks who flock to them to seek employment in the industries. This skewed growth pattern
in demand and supply of sanitation services creates a fertile ground for pollution of urban water
resources as well as poor town planning (Dan-Hassan et al.,, 2012). This has also led to the
generation of huge volumes of raw water effluents and wastes whose composition is usually varied
and complex (Amadi, 2010). As a result, most treatment plants servicing major cities of South
Africa are overloaded beyond their capacity, leading in most cases to partially and poorly treated

wastewater. This creates a problem in respect to safe disposal of partially treated wastes.

If the effluent still contains elevated amounts of nutrients, then the receiving water basin may
experience eutrophication (Nriagu, 1996). This triggers anaerobic conditions which leads to the
formation of reduced chemical products, the majority of which are acutely toxic to aquatic life as
well as animals and humans (Li et al., 2011). If elevated amounts of metals remains (majority of
which are toxic and persistent in the environment), then this may have a synergetic adverse effect
on the biodiversity of the aquatic ecosystem (Carpenter et al., 1998). Improperly treated and
disposed waste contains elevated concentration of nitrates which might not be eliminated during
water treatment for drinking purposes, and usually the technology is expensive and energy
consuming (Rocca et al.,, 2007). Exposure to drinking water of such quality is known to cause

methaemoglobinaemia (blue baby syndrome) in infants and it also kills livestock (Canter, 1996).

Pollution related to treatment, handling and disposal of wastewater has become a challenging
environmental problem in most urban settlements worldwide (Ensink et al., 2010). South Africa is
not an exception to this, especially in respect to leakage of sewer wastes due to dilapidated and
poorly maintained infrastructure, poor wastewater treatment and disposal practices thus posing
health risks to humans and the environment (Slabbert and Venter, 1999; DWAF, 2002). However,
only properly treated wastewater should be directed into the natural water ways as failure to do so
can pose a health risk to human, animals and the natural aquatic ecosystems in general (De
Villiers and Graham, 2016; Mdamo, 2001). Both untreated and treated wastewater have a potential
negative effect on the receiving aquatic bodies since these can potentially inject contaminants and
toxins that would negatively alter the quality of the receiving water bodies (De Villiers and Graham,
2016).




The issue of overpopulation in most urban settlements of South Africa is evident in the frequent
occurrence of informal settlements (NMMP, 2000). These settlements are usually located along the
periphery of planned housing suburbs and townships and are in most cases located along the
banks of strategically located rivers or their tributaries. In most cases, there is no provision of safe
portable water nor is there proper conveyance of wastes (both solids and liquids) through a laid out
sewerage system. As a result, there is rampant illegal dumping and disposal of domestic wastes
and acid mine drainage directly into the river systems, which are ironically also the sources of
portable water for the cities (Dudgeon et al., 2006). One such stretches of informal settlements are
dotted in urban centres along the canal system of the Mooi River Catchment. The quality of water
had been affected significantly by the encroachment of illegally dumped domestic wastes (Sibanda
et al.,, 2015). Literature data for work done along the Mooi River also suggests widespread
contamination of the area close to where mines are located (Manyatshe et al., 2017). The
discharge of improperly treated wastewater into river systems has been a common practice in
developing countries (Nhapi and Tirivarombo, 2004). Assessing and monitoring of water quality of
the rivers is important in order to identify rivers that have been vulnerable and exposed to pollution

impacts as a result of rapid urbanization (Pantshwa et al., 2009).

The Mooi River Catchment is known to provide farmers with water for irrigation, mining activities
and for other agricultural purposes. Wastewater discharges in the Mooi River and in its tributaries
is regulated, yet the same water is a source of drinking water for communities and their livestock
who are located within the study area (Venter et al., 2013). The Upper Vaal Water Management
Area’s water quality status is affected by the mining activities and excessive volumes of
substandard treated sewage that is being discharged into the environment. The Mooi River has
water quality problems that affects recreation and other activities emanating from physical
interruptions and changes to the river channel, urban runoff, sewage disposal and mining activities
(DWA, 2012b). If the issues around the Mooi River are not attended to they could affect the

ecosystem integrity as well as pose health risk (Wade et al., 2000).

1.2. PROBLEM STATEMENT

South Africa has been classified as water scarce country (Otieno and Ochieng, 2004) and hence
proper management of the water resources and its distribution became a priority. (Annandale and
Nealer, 2011). The country once experienced little and even no rains as a result of drought. Major
rivers ran dry thus affecting the livelihood of the people and livestock since rivers depend on
adequate rainwater in their watersheds or confluences. There were increasing number of industries

and agricultural sectors that were adversely affected by scarcity of water in South Africa (Smakhtin
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et al., 2004). Projections are that by the year 2025, most regions and countries will suffer from
water scarcity (Seckler et al., 1999). The issue of non-availability of water and even shortages of
water are not only faced by South Africa; it is a global concern (Naidoo, 2013a; Seckler, 2003;
Smakhtin et al., 2004). It has been projected that in the near future, demand of clean water will be
higher than what would be supplied, causing recession of economies (Blaine, 2013).

Contamination of surface and underground water is caused by human (domestic and industrial)
activities (Masere et al., 2012). The wastewater that is generated from these activities should be
treated to quality standards of water that is safe to discharge back into the watercourse (Dickens
and Graham, 1998; Corcoran et al., 2010; USEPA, 2004; Dube et al., 2010). However, most of the
municipality wastewater treatment works (WWTW) are old and overburdened with high volumes of
sewage, resulting in partial removal of waste particulates. . The wastes that are directed to these
plants have become costly to treat as their sources are quite variable and complex. This come at
the back of reduced budgets from national treasury. lllegal dumping of solid wastes in
undesignated places or directly into the rivers occurs on a frequent basis (Helmer et al., 1997). In
developing and developed countries, untreated faecal matter (human as well as non-human) is a
major contributor towards the deterioration of water quality of rapidly growing cities (Harwood et al.,
2000; USEPA, 2004).

Apart from the local sources, the Mooi River also receives pollution burdens from its tributaries
namely: Wonderfontein Spruit and Loop Spruit that also contribute to water pollution challenges
faced by the Mooi River Catchment. The far West-Rand of Gauteng is known for its mining
activities that have an impact on the catchment resources. Areas around the Wonderfontein Spruit
has a number of abandoned mineral tailings (IWQS, 1999; Annandale and Nealer, 2011; Barnard
et al., 2013). Leaching from these impoundments contaminate underground water which feeds
pollution (including uranium wastes) into the catchment area (van der Walt et al., 2002; Coetzee,
2004; Fosso-Kankeu et al.,, 2015). The agricultural practices around the Mooi River as well as
along its tributaries and urban related activities associated with Potchefstroom and other small
towns have also been identified as sources of pollution (DWA, 2012b). The Mooi River has been
classified as a class Il water resource, indicating that the resource is heavily affected by human
activities though still categorised as ecologically sustainable. The Mooi River's recommended
ecological category is C/D, thus suggesting the resources is moderately to largely modified (DWA,
2016).

The intention of the study is to understand water quality issues specifically the impacts of sewage

discharges into the Mooi River Catchment.




1.3.

1.4,

RESEARCH QUESTIONS

How are the activities/operations of the sewage treatment plants located within the
catchment area along the Mooi River and its feeding tributaries impacting negatively on the
quality of the receiving water resources downstream of the WWTW plants?

What pollutants (possibly derived from sewage treatment plants) dominate the pollution of
the Mooi River?

Is the pollution from sewage treatment works affecting the water quality and its suitability for

drinking purposes from the Mooi River?

AIMS AND OBJECTIVES OF THE STUDY

The study aimed to look at how discharges affected the water quality of the Mooi River system

in relation to the regularised discharge of treated water into the receiving water environment
from the following WWTW:

o Kokosi WWTW into Loop spruit
e Flip Human WWTW into Wonderfonteinspruit
e Potchefstroom WWTW into Mooi River

This will be evaluated against national and international water and wastewater standards in

order to establish whether there is any significant of pollution emanating from the sewage

discharged into the river from the wastewater treatment plants discharging into the Mooi River

Catchment.

This will be achieved through the following study objectives:

Assessing the trends in the concentrations of selected chemical parameters and the values
of physical and microbiological water quality indicators as a result of direct discharge of
treated wastewater into the Mooi River and its tributaries.

Comparing the values of these water quality indicators against set national and other
international regulatory standards so as to determine the potential risk of direct discharge of
treated wastewater into Mooi River and its tributaries.

Determining the pollution impact and change in water quality over the years from 2015 to

2018 at a single historical water quality monitoring station of the Mooi River Catchment.




1.5. HYPOTHESIS

The sewage treatment plants treat raw sewage to a quality level where it can be discharged safely
into the Mooi River without posing a risk to downstream users and aquatic ecosystems.

1.6. LAYOUT OF THE STUDY

The mini-dissertation consist of five chapters and is organised as follows:

Chapter 1: Introduction, justification of the study, aims and objectives of the study including the
hypothesis.

Chapter 2: A literature review of similar work that has been done locally (South Africa and within
the SADC region) as well as globally in respect to wastewater treatment, disposal and its potential

impact on receiving water basins.

Chapter 3: Discusses materials and methods adopted in this research study. It further outlines the

environmental setting of the study area.

Chapter 4: Discusses findings and results of the research study.

Chapter 5: Conclusions and recommendations drawn from the study.




CHAPTER 2: LITERATURE REVIEW

2.1 WATER QUALITY

Water quality is an attribute which relates to its fitness for an intended use. Humans use water for
domestic purposes, commercial, agricultural purposes and for industrial purposes, hydrogeneration
of power, washing in synthetic processes and food processing. The fitness for intended use is
assessed in terms of its chemical composition and potential effects thereafter, hence the
importance to develop catchment water quality plans (Helmer et al., 1997). Therefore, it is
imperative and important to measure these water quality indicators for surface water before it can
be utilised for its intended use. The main concern on the quality of surface water is its safety from
any pathogens i.e. it should be free from disease-causing pathogens that can potentially affect
human health. It is recommended that microbiological examination is undertaken to monitor the

guality of water (Barell et al., 2000).

One of the growing challenges facing South African urban settlements is the ever deterioration in
the quality of water of major water resources due to changes exacerbated by changes in land use
and thus compromising the livelihoods of people and the ecosystem’s (O’Keeffe et al., 1992). This
has put pressure on the country’s capability to supply sufficient portable water at a standard that
meet the current needs of the population as well as ensuring sustainability in its re-use in the near
future (Otieno and Ochieng, 2004). It is therefore critical to undertake continuous monitoring
studies on the quality of water of key South African water resources so as to assess the pollution
impact and to detect trends (EEA, 1996) coming out of strategically located treatment plants,
including the disposal of such treated water. One of the normal customs is to discharge the treated
water back into the water resources. It is premised that the water is authorised to discharge treated

water back into the natural water environment (Helmer et al., 1997).

Water being a universal medium, dissolves a wide range of solutes, be it under natural conditions
or in human specific use and activity. As a result, water is usually chosen as convenient medium to
convey waste streams from processes that ranges from agricultural, chemical synthetic and
sewerage systems (Chapman, 2002). Disposal of such wastewater can have an adverse impact on
guality of the water in the receiving water resources. In addition, the disposal of such wastes put a
risk to the use of water from the receiving water body due to possible injection of contaminants
derived from the effluent. A good management practice is to monitor the impact of such treatment

and disposal activities.. Quality parameters that should be checked to assess the extent of artificial
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injection of contaminants should include physico and bio-chemical characteristics. Apart from the
adverse effects of waste disposal and other generated waste streams abetted by human activities
in most urban built environment, climate change and changes in land use practices have had a

long-term negative impact on the quality, suitability and availability of fresh water (Naidoo, 2013b).

The major challenges that lie in the treatment of wastewater for direct discharge back into river
systems is that industries also convey their wastes, some of which are quite hazardous directly into
their domestic sewer systems (CSIR, 2010). This makes the complete treatment of the wastewater
very difficult and costly as all of the varied contaminants have to be removed to levels that would
make the water safe for disposal through direct discharge. Those industries that divert their wastes
to storage ponds or storage dams also risk contaminating soil and underground water. Old and
decaying sewerage infrastructure, malfunctioning wastewater treatment works are the major
sources of contaminant leakages into the natural water bodies servicing most urban settlements in
South Africa (Mwangi, 2014). Unsecured sewerage systems, leaks of raw wastes and partially
treated wastes into river and wetland systems also contributes to the pollution of these resources
(Canada Gazette, 2010; Baloyi et al.,, 2014). The inefficiency of the sewage treatments works
results in failure to eliminate persistent chemicals which is a cause for concern on water quality
and human health. Previous impact assessment studies on water treatment and disposal activities
at some wastewater treatment plants have recommended urgent upgrading of the treatment
technology operational at most metropolitan treatment plants across South Africa (Hendricks,
2011).

2.1.1. Water Quality Parameters

Water is considered the most essential and valuable commodity (Das and Acharya, 2003). Its
assessment and monitoring of its quality especially at the loop at which wastes are conveyed by
water and later removed by physico-biochemical treatment processes for subsequent discharge
back into natural waterways for reuse downstream is key to its sustainable management (Helmer
et al., 1997). Such water quality assessment studies contribute towards establishing national data
sources or banks for pollution abatement campaigns. The data can thus be used for policy

formulation and regulation so as to curb avoidable contamination and illegal discharge of wastes.

The monitoring and assessment usually involves measuring the values of the water quality
parameters (physical, chemical and microbiological) (Meybeck and Helmer, 1992) and comparing
the values with regulatory Standards. South Africa has stipulated standards and guidelines to

ensure compliance and these also guide on the intended use of water. Examples include the South
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African National Standard (SANS) 241:2015 for drinking water and South African Water Quality
Guidelines for different user type (such as industrial, domestic, recreation).

Water quality monitoring is dependent on the intended use of water. There are certain parameters
of concern in wastewater discharges such as power of hydrogen (pH), dissolved oxygen (DO),
suspended solids (SS), chemical oxygen demand (COD) and biological oxygen demand (BOD),
phosphate, metals, nitrates, nitrite and ammonia (Tufekci et al., 1998). Any changes in these
variables indicate potential pollution in water quality as they can easily influence biochemical
reactions in water. Other variables may also change due to natural processes or any other human
induced activities such as turbidity and temperature and Escherichia coli (E. coli). The presence of
pollutants thus resulting in exceedances of regulated specifications and parameters is not
considered acceptable in the receiving environment as they pose risks to human health and to the
aguatic species (EPA, 2000; DWA 1996a, 1996c).

Of the above discussed parameters conductivity, suspended solids, dissolved oxygen, ammonia,
phosphates, COD, nitrates and E. coli count are recommended as key indicator of the quality of a

wastewater and its potential risk in the receiving water (Akpor and Muchie, 2011).

2.2. SOURCES OF POLLUTION

Water is referred to as polluted when it is impaired by anthropogenic contaminants and either is not
suitable for human consumption and or cannot support its biotic communities (Imoukhuede and
Afuye, 2016; Pegram et al., 2001). Water pollution is one of the major environmental issues
worldwide. Water pollution refers to the disturbance of the physical and chemical characteristics of
water resources (Dragicevic et al., 2010). In simple terms it means the introduction or discharges
of foreign substances into rivers and lakes thus affecting the functioning of the ecosystem (Helmer
et al., 1997). Pollution has indeed become a major threat that is continuously becoming critical
because of lack and inefficient measures to protect surface water quality (Dube et al., 2010; Halder
and Islam, 2015). Water pollution affects drinking water, rivers, lakes and oceans worldwide which
consequently affect human health and the environment (Ensink et al., 2010; Juneja and
Chaudhary, 2013).

The main cause of poor water quality are the contamination by human and other animal waste,
chemicals, heavy metals, oils (Dube et al., 2010; Drabowski and De Klerk, 2013; Esshaimi, 2013),
rising populations, industrialisation (Muruven and Tekere, 2013) and agricultural activities leading
pollution (Moss, 2007; de Clerq et al., 2010). Figure 2.1 shows land use activities that contribute to

pollution of water bodies.
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Figure 2. 1: Land use activities (Kresic, 2009)

There are several sources of water pollution as discussed above, but the key potential ones
relevant to the study area of the Mooi river catchment are as follows:

e Soil erosion leading to sediments into the rivers;

¢ High nutrients loads from fertilizers, animal waste, and from sewage-treatment works;

e Pesticides;

e High salts from domestic and industrial effluents;

¢ Mine residues; and

e Toxic chemicals from manufactured products (Davies et al., 1998 Frost and Sullivan, 2010)

2.2.1. Non-point source pollution

Nonpoint source pollution is a combination of pollutants from a large area rather than from specific
identifiable sources such as discharge pipes. The key sources of non-point pollution emanate from
urban developments, surface runoff and agricultural activities. Non-point source water pollution is
distinct and it gets spread over a wider area thus affecting the aquatic environment at any time and
point (Vink et al., 1999). Their introduction into water resources makes monitoring and
measurement very difficult since they are emanating from different points of entry. They are not
easy to regulate (Hagedorn, 1999). Examples include but not limited to surface runoff originating
from household activities such as washing from vegetable and animal products discharges from
the swimming pool, oils and fuel from cars, building rubble; runoff from fertilizers and pesticides,

acid rain; and seepage water from mines (Moses, 2005).
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Non-point sources of pollution are often intermittent and linked to seasonal agricultural activities
(International Labour Organisation, 2010). Non-point sources of pollution often emanate from
extensive areas inland and are transported overland, underground, and through the air to receiving
water environment (Holm, 2004). The developments closer to the river banks and other activities
such as clearance of riparian vegetation, canalization, stormwater drainage inflows, spillages, and
illegal dumping have proven to have an impact on the country’s water resources (Mwangi, 2014).
Ever growing informal settlements within the Mooi River Catchment is one of the potential negative
impact affecting the system from the non-point source of pollution point of view (Labuschagne,
2017).

2.2.2. Point source pollution

Point sources are defined as originating points such as pipes from industries or treatment works
and, or feedlots with specific points of discharge. These include WWTWSs which release their final
effluent into the aquatic environment (Huang and Xia, 2001). More examples include the discharge
of effluent into water resources by factories, the emission of fluids, the spillage of toxic chemicals
from industries such as pulp-and-paper mills including textile factories, and oil and fuel spillages
from any operation or transportation. Point-source pollution refers pollutants or emissions which
enter water receiving environment from an easily identifiable single source (Spulber et al., 1998;
Hanley et al., 2001).

Point sources are therefore easier to measure, monitor and manage than non-point sources
because emissions emanate from a known single point and water quality can be sampled at the
outlet, upstream and also downstream to assess the level of impact on that water body (Muller,
2013; Moses, 2005; Holm, 2004). The only way to ensure that point source pollutants are managed
is through regulating the quality and quantity of volumes of what is being disposed into the
environment (Muller, 2013). Unregulated point source pollution interrupts the functioning of the
aguatic ecosystem and makes river water unsafe for human consumption (Chimuriwo, 2016). Point
source pollution especially from the sewage and industrial effluents is believed to have noticeable

acute impact in water bodies in developing countries (Daniel et al., 2002).

2.2.3. Indicators of sewage contamination

Improperly treated wastewater potentially contains high levels of the nutrients, nitrogen,
phosphorus and faecal coliform. Levels of nitrates are used to indicate the nutrient status of water

resources. High levels are related to influences from agricultural and urban activities in particular
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sewage discharges. Phosphates are also used to indicate the nutrient status of water resources.
High levels are normally related to activities such as use of detergents and fertilisers. Faecal
coliform levels are then used to illustrate levels of microbiological pollution, which poses potential
risks to human health and in recreational activities (Chapman, 2002).

a) Suspended Solids (SS)

Suspended solids are patrticles that can enter surface water bodies from land-use practices, human
induced activities, erosion, disturbance of riparian vegetation and from industrial and/ or domestic
discharges carrying suspended sediment loads (DEAT, 2006). Impacts of sediment pollution
include alteration of the habitat for the aquatic species resulting to changes in the species diversity
in a water resource. The feeding capacity of fish are affected as suspended solids impair visibility
and food then becomes buried in silt, respiration process is also impaired (Kazunga et al., 2002).
SS as particles found suspended in the wastewater are removed through sedimentation and

filtration during the treatment process.

b) Electrical Conductivity (EC)

Electrical conductivity (EC) is defined as a measure of the ability of water to conduct an electric
current (Dallas & Day 2004; (DWAF, 1996a). EC measures the total amount of material that is
dissolved in a sample of water and is therefore often used in the general characterisation of water
guality (Dallas & Day 2004). The value of EC is directly propotional to total dissolved solutes (TDS)
in the water. Changes in TDS concentrations can be toxic since the density of the water
determines the flow of water into and out of the organism’s cells (Mitchell and Stapp, 1992; Du
Preez et al., 2000). In the natural environment, concentration levels of the EC accumulate naturally
and also due to anthropogenic activities such as domestic and industrial wastewater discharges
and surface run-off (Du Preez et al., 2000). Elevated levels of EC in isolated water bodies can also
be an indication of excessive evaporation especially during drought seasons and even gives water
a brackish taste and that affects the aquatic life in that receiving water environment (Morrison et
al., 2001). Alternatively, high salt content may arise from agricultural activities, particularly in the

presence of chlorine and sulphate (Walsh and Wepener, 2009).

c) pH

The pH is a measure of the concentration of protons as a negative logarithm on concentration in a
scale than range from 0 -14. It is an indicator of the acidity or alkalinity of water. Safe water has a
pH, which is almost neutral water to ensure support to plant and animal life. A change in stream
water pH can also affect aquatic life indirectly by altering other aspects of water chemistry. High pH
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values are toxic to plant and animal species as well as corrosive to natural and synthetic materials
(Morrison et al., 2001). Low and high pH affect both plant and animal life as some fish will not even
survive at low pH, acidic pH increases the gill permeability in fish (Wright and Welbourn, 2002). For
example, low pH levels can increase the solubility of certain heavy metals. This allows the metals
to be more easily absorbed by aquatic organisms. During the chemical treatment of wastes in the
treatment plants, pH is manipulated so as to separate wastes by coagulation; removal of ammonia;
disinfection and preventing some biochemical related reactions (Naidoo, 2013b). High pH of fresh
water is also toxic and corrosive due to artificial addition of alkaline wastes and sometimes this

may be due formation of ammonia from nutrient ions and reducing conditions.

d) Nutrients

Nutrients are those chemicals needed for plant growth and reproduction (Davies et al., 1998).
There are those nutrients that occur naturally which are vital for normal growth of living species.
The same nutrients, however can be harmful if found in certain unacceptable levels and could pose
risk to human and animals. Nitrogen originates mainly from raw faeces and untreated sewage and
it has been discovered that nutrients loads result to reduced concentrations of dissolved oxygen in
the receiving environment and negatively affecting the ecosystem (Morrison et al., 2001). Nutrients
are not the only issue associated with sewage discharges, also the microbiological contamination
as a result of runoffs from informal settlements and sewage works has also posed a risk to the
aquatic system (Fatoki et al.,, 2001). The presence of nutrients in rivers often encourages
excessive plant growth. Nutrient enrichment provides conditions that promotes the growth of
waterweeds such as water hyacinth and water lettuce (Degner and Howat, 1997).

The two common nutrients found in water environment are nitrogen and phosphorus mostly
originating from anthropogenic activities such as agricultural runoffs (fertilizers), untreated
domestic sewage and industrial effluent discharges. Elevated nutrient loads result in eutrophication
in river systems and thus stimulating algal blooms (Masere et al., 2012). Eutrophication refers the
unnaturally enhanced primary productivity and loading of organic matters in water environment as
a result of increased concentrations of nutrients emanating from unregulated and improper
disposal of municipal sewage (Chapman, 1996). Eutrophication emanating from nutrient

enrichment has been identified as the most serious risk to the aquatic life (Pieterse et al., 2003).

Nutrients such as ammonia and nitrates are known to be fatally toxic to aquatic species when
concentration levels are excessive and could lead to excessive production of plants and
problematic algal blooms (Chapman, 1996). The known ecological impacts of eutrophication
include release of toxins causing deaths in animals due to decayed algae; human health risk due
to inadequate water treatment; and economic impacts as a result of livestock deaths, elevated
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water treatment costs. Continuous loading of effluents into the river affects the self-purification
capacity of the systems as well as the natural flow of river waters and thus endangering aquatic life
(Seanego and Moyo, 2013). Nitrogen exposure has been reported and implicated in adverse
health effects. The naturally occurring of nitrogen ions that are part of water cycle combined with
haemoglobin result in methaemoglobinemia, an illness that affects bottle-fed babies (Fewtrell,
2004).

The common forms of nitrogen are mainly ammonia and nitrate. Ammonia is volatile and can be
injected from external source e.g. alkaline cleaning products or can be formed in equilibrium with
ammonium salts from fertilizers; and in sewage and industrial discharges. Ammonia is toxic to fish
and can be oxidised to form nutrients ions which causes eutrophication of natural aquatics
(Naidoo, 2013b). Nutrient ions in wastewater come from inorganic fertiliser as well as from
domestic sewerage effluent. Failure to completely remove these nutrients poses a serious risk of

algal blooms in water bodies receiving the waste (Odjadjare and Okoh, 2009).

l. Ammonia

Ammonia is a good indicator for water quality especially for land use where agricultural activities
dominate as nitrogen is fixed by plants and soil microbes in soil and water and thus can end up in
aguatic systems (Rounsevell & Reay, 2009). Ammonia may be found in household detergents and
in industrial chemicals. Ammonia and nitrates are said to be positively correlated to wastewater
treatment works because high levels of ammonia and/or nitrates are usually experienced.
Ammonia is oxidised then forms nitrite which is further oxidised to form nitrate, and on the other
side; in areas where COD levels are high, nitrates are reduced to form nitrites and then ammonia
(Sanchez et al., 2007). Ammonia, pH and COD are closely related to each other, and all can be

seasonally influenced individually.

Il. Nitrate

Nitrate is strongly related to the presence of nitrites and ammonia in water bodies as these are
either oxidised or reduced respectively and change from one form to another. Nitrate is an
important nutrient for plant growth. Most farmers use nitrogen rich fertilizers for the stimulation of
the crop growth (Schrdoder et al., 2004). Nitrogen production may also occur naturally from
atmospheric deposition during lightning storms. Elevated levels of nutrient loading in water
resources cause eutrophication which results to a decline in water quality. Nitrates are often
present as a result of agricultural runoff and/ or from sewage and effluent (Wade et al., 2008). The

presence of nitrate in the WWTWSs may also be an indication of inefficiency of the WWTWs.
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lll.  Phosphates

Phosphate is an indicator of many factors that affect water quality. Elevated levels of phosphate
concentration indicate urban land use as it arises from domestic detergents, industrial and human
wastewater. It may also indicate the use impacts from agricultural land uses (fertilisers and
nutrients) into water resources. Phosphorous is an vital nutrient necessary for plant growth
(Schroder et al., 2004) it further stimulates algal blooms and promotes growth to unwanted aquatic
vegetation which may have a potential to cause oxygen depletion and thus affecting species.
Phosphate is known for its effect on water quality, as it causes eutrophication due to nutrient
loading from agricultural run-off and wastewater discharges. This may also affect the flow of water,
drainage and the earation (Paul, 2011). Orthophosphate comes from both sewage waste (organic)
and fertilisers (inorganic) and the known major sources of pollution include industrial effluent,

domestic detergents and human wastewater (Verheul, 2012).

e) Chemical Oxygen Demand (COD)

Chemical oxygen demand (COD) is a measure of the oxidation of reduced chemicals in water
(King et al, 2003; Lee et al., 2009). The higher the COD detected in water, the higher the presence
of the oxidisable contaminants in the water (Naidoo, 2013b). It is commonly used to indirectly
measure the amount of organic compounds in water and is useful as an indicator of organic
pollution in surface water. A rise in COD may be caused by an excessive urban land use activities
from agriculture to wastewater which causes nutrient loading in the water environment; thus
afftecting Dissolved Oxygen (DO) (Bere & Tundisi, 2011). Nutrient loading from WWTWs and
urban runoff causes increased nutrients and reactions between ammonia and nitrate in turn causes
an increase in COD (Verheul, 2012).

f) Microbiological Parameters

Microbiological assessments in water are critical and are used to identify the presence of
microorganisms related to the transmission of water-borne diseases and possibly the presence of
faecal contamination. Ashbolt et al., 2001). Faecal contamination in water is a worldwide issue and
more especially with the rural communities who still rely on untreated water for consumption
(Naidoo, 2013b). There are health related risks that have been associated with the use of
microbiologically contaminated water which is of great concern (Pandey, 2006). The common
indicator organisms in waste water receiving environment are total and faecal coliforms. These
coliforms indicate faecal pollution in water which than makes water not suitable for consumption

purposes and disinfectants need then to be used to kill the bacteria and microorganisms.

15




The bacterial indicators currently used world-wide in water quality as well as during health risks
assessments include but not limited to E. coli, enterococci, total and faecal coliforms (DWAF,
1996a). These indicators are subjected to set government rules (limits) to ensure compliance. E.
coli is used as an indicator of faecal contamination in water quality environment (Meays et al.,
2004). Total and faecal coliforms in water indicates the general quality of water and potentially
faecally contaminated source and basically indicating the presence of pathogens in water and the
efficiency of wastewater treatment facilities (Ashbolt et al., 2001). It has been proven that coliform
bacteria are in abundance on warm blooded mammals and then used to indicate sanitary quality of

water resources since their presence indicates faecal contamination.

l. E. coli

Escherichia coli (E. coli) has been used as the most precise indicator of feaecal coliforms and has
been certified as a dependable and best bacterial indicator of faecal contamination in the drinking
water sector (Odonkor and Ampofo, 2013). E. coli falls under the faecal coliform group and has
been commonly regarded as the first microorganisms of relevance in water monitoring programs
since it serves as a primary indication of faecal pollution in water (Naidoo, 2013b). There are health
risks as a result of exposure to infections from the pathogens such as diarrhoea (cholera), urinary
tract infections, typhoid, hepatitis and cryptosporidiosis and others (WHO, 1993). Presence of E.
coli pathogens results to the deterioration in water quality due to unsecured faecal wastes (DWAF,
1996b). These are released by humans and animals, or sewage leakages into water (DWAF,
1996a). The E. coli, may be released into aquatic environment as a result of poorly functioning and
overloaded WWTWs, informal settlements as well as agriculture land-use. The high concentrations
of E. coli present at any influent, upstream and downstream points could be associated with the
wastewater containing sewage and sanitary wastes and runoff into the river, respectively
(Chapman, 1996).

Il. Total coliforms and faecal coliforms

Faecal coliforms have been mainly used to indicate the microbiological quality of surface and
ground waters (Colford et al., 2007). Faecal coliforms are thus used as an indicator of potential
faecal pollution of surface water. This indicator is normally used when evaluating the quality of
waste water effluents into water resources (DWAF, 1996b). Coliforms are a group of bacteria
which are rod-shaped Gram-negative non-spore forming and motile or non-motile bacteria which
ferment lactose resulting into the formation of acidic gases in the bowels of warm blooded
mammals. The known and common are the faecal coliforms examplified by E. coli. These have the
ability to multiply rapidly even at an elevated temperature (WHO, 2008). Total coliforms are found
in both sewage and natural water environment through human and animals faecal waste. Total
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coliforms are known to be sensitive to disinfection as compared to other bacteria and viruses and
they disappear immediately after disinfection is used (Naidoo, 2013b).The coliforms can grow in
water and survive other conditions, hence they are mainly useful for indicating the effectiveness of
the WWTWs (WHO, 2008).

g) Metal pollution

The metals have been identified as common pollutants, which are widely distributed in the natural
environment with sources mainly from soils and mineral weathering. The metals would naturally
occur at low concentrations that have been proven to be non-toxic to the aquatic life (Dallas and
Day, 2004). The elevated concentrations in metal contamination is a threat as these metals
accumulate in the tissues of various aquatic species such as fish and thus affecting the species
richness, diversity and distribution (Milenkovic et al., 2005). There are people that still rely on raw
water for consumption, their lives are threatened by heavy metal pollution in water. In all pollutants
found on the aquatic system, metals form a vital group of hazardous substances to the
environment (Chimuriwo, 2016). The presence of metals in wastewater is influenced by the
physical and chemical conditions of the effluent and the receiving environment (Gagnon et al.,
2006). Accumulation of metals in an aquatic environment has negative impact to both man and the
system itself. Most metals are removed from the liquid wastes during the treatment process and
end up in the solids formed as a result of the treatment process. Population growth does impact on
the removal of metals in wastewater treatment as the plant will be forced to ensure more volumes
of influents are treated than what it is actually designed for (Manugufala et al., 2011). Hardness
mitigates metals toxicity, because Ca2+ and Mg2+ help keep fish from absorbing metals such as
lead, arsenic, and cadmium into their bloodstream through their gills. The greater the hardness, the
harder it is for toxic metals to be absorbed through the gills (Jaishankar et al., 2014).

The presence of metals in surface water can occur naturally or as a result of anthropogenic
activities. Metal element contamination in water from anthropogenic sources includes discharges of
untreated domestic and industrial wastewater, fuel spillages and illegal dumping of solid waste.
Metals are also known and associated with cell damages in humans and animals. Some metals
are essential nutrients that are needed for various biochemical and physical functions. Inadequate
supply of these nutrients may result in a variety of deficiency diseases and/ or syndromes (WHO,
1996). Zinc is a known trace metal essential for human health and is vital for the functioning of the
tissues and regulates key processes, though excessive zinc may cause serious health problems,
such as nausea, stomach cramps, vomiting, skin irritations and anemia (Oyaro et al., 2007). Lead
can damage central nervous system, kidneys, liver, reproductive system and brain cells. The
symptoms are weakness of muscles, anemia, insomnia, headache, dizziness and renal damages
(Naseem and Tahir, 2001; Duruibe et al., 2007). Mercury is a metal that has a potential to affect
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the central nervous system. Elevated levels of mercury cause impairment of kidney functioning and
cause chest pain (Namasivayam and Kadirvelu, 1999). Copper is good for animal metabolism
though excessive exposure to this metal may cause vomiting, cramps and/ or even fatality (Paulino
et al., 2006). High concentrations of nickel may cause serious lung and kidney failures aside from
gastrointestinal disorders and skin problems (Borba et al., 2006). Prolonged exposure to some of
these heavy metals in particular the cadmium can lead to deaths (Hemdan et al., 2006).

2.3. LAND AND WATER USE IN THE MOOI RIVER CATCHMENT

Mining activities commenced around the 1930’s in the Wonderfontein sub-catchment. The mines
are mostly around the Krugersdorp and Carletonville areas. They affected the quality of water in
the upper and middle catchment of the Wonderfontein Spruit, as well as the upper reaches of the
Loop Spruit. Effluent, wastewater and storm water, including effluent from various urban
developments and industries as well as informal settlements are discharged into the
Wonderfontein Spruit, thus contaminating the water environment (van de Walt et al., 2002). The
river systems and dolomitic compartments are polluted due to leaching from mining tailings dams
and slimes dams. These mining facilities most of the time are in a poor state and thus contribute to
pollution of water in the area (Tlokwe City Council, 2011). In the Lower Wonderfontein Spruit,
farming activities and large-scale mining have been identified as major land uses resulting in the
formation of the sinkholes and causing the water table to drop. This has had a major impact on the
farmers mostly. The confluence of the Wonderfontein Spruit and the Mooi River takes place just
upstream of the Boskop Dam (van de Walt et al., 2002).

Land-uses around the Loop Spruit sub-catchment are mainly crop farming and grazing. There are
a couple of goldmines, around the watershed between the Loop Spruit and the Wonderfontein
Spruit sub-catchments which also discharge wastewater into the Loop Spruit. The Loop Spruit then
joins the Mooi River downstream of Potchefstroom. The predominant land-uses in the Mooi River
sub-catchment are crop farming and grazing, although a few small-scale diamond mines occur
along the Mooi River between the Klerkskraal and Boskop Dams. These mining activities are
affecting the floodplain and riparian habitats and have caused silting of the Mooi River upstream of
Boskop Dam. This poses a risk to farmers using the water for irrigation and stock watering (van de
Walt et al., 2002).

The WWTWs mainly contribute to phosphates, nitrates and in some cases organic chemicals
because of the discharge of sewage sludge and or untreated sewage (Henze, 2008). The
agricultural practices along the Mooi River may potentially contribute towards nitrogen and

phosphate loads in the system. Indications are that both farming practices and WWTWSs contribute
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to high faecal bacterial contamination into the rivers. (Tlokwe City Council, 2011). Water from the
Boskop Dam is used around Potchefstroom for some industrial, agricultural and recreational
purposes.

2.4. CHALLENGES FACING WATER QUALITY IN SOUTH AFRICA

The South African national government is aware and concerned about the state of rivers in terms
of quality and the status of the WWTWs in and around the country. The deteriorating water quality
of the rivers is one of the major threats to South Africa’s capability to provide sufficient water of
appropriate quality to meet its population’s need and to ensure environmental sustainability (Singh
and Lin, 2015). Water of poor quality not only reduces its usefulness; it also affects the society
economically. The more polluted the water sources the higher the costs for treating that particular
water. This is evident in most part of South Africa where health risks and outbreaks have occurred
(Griesel et al.,, 2006). In South Africa pollution of water is not as a result of change in the
environment only but also contribution from societal related external factors. During the apartheid
era, mine labour forces were sourced from rural communities in different parts of the country where
they were either forced to create their temporary homesteads closer to work or accommodated in
mine constructed hostels. In most of these residential areas there were hardly proper ablution
facilities. As a result, there was rapid growth in population of most urban or industrial settlements
with no upgrade in handling incapacity to match the overpopulation in cities, leading to challenges

into their wastewater systems (Grobicki et al., 2001).

Most South African river systems are polluted with faecal coliforms. The faecal contamination in
rivers can be attributed to the disposal of improperly treated sewage. These coliforms are mainly
bacteria and viruses which are indicators of pollution. Coliforms, E. coli, and faecal streptococci are
used worldwide as indicators of faecal pollution in water systems (Akpor and Muchie, 2011).
Literature has revealed that another cause of water pollution in South Africa is the poor operational
state and improper maintenance of the municipal WWTWs which poses a health and economic risk
to those that still rely on raw water from the rivers. When substandard or inadequately treated
sewage is discharged into the rivers, the oxygen demand and nutrients load in a source is affected
and thus leading to eutrophication creating instability to the aquatic species (Ogunfowokan et al.,
2005).

The following are some of the common and key issues facing the wastewater treatment industry

internationally and locally:
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e The wastewater treatment works including their associated facilities have aged and are
worn out, thus requiring improvements, repairs and replacement of some of the equipment
to ensure sustainability and longevity of use;

e The composition and volumes of effluent with contaminants have introduced serious and
complex problems now compared to the historical challenges; and

e The population growth is affecting current wastewater treatment infrastructure thus

demanding new or highly refurbished plants because of capacity issues (EPA, 2004).

The identified common issues facing South African WWTWs are the following:

e Power failures;

¢ Mechanical failures or process failures;

e Flooding: stormwater ingress;

e Storage in sludge dams: contamination of ground water;

e Chlorine overdosing; and

e Shock load over school holiday seasons (in particular during Christmas breaks) (WIN-SA,
2011);

e Poor plant designs, inadequate capacity due to overload, poor operation and lack of

maintenance and faulty WWTWs equipments (Mema, 2010)

2.5. EFFECTS OF WATER POLLUTION

2.5.1. Effects on the receiving environment

The wastewater from the municipal treatment works contains certain amount of pollutants in the
form of pathogenic organisms, which results to deterioration of water quality of the aqualitic
environment they are discharged into (Akpor and Muchie, 2011). Pathogenic microorganisms are
known to pose the health associated risks. These pollutants enter the water resources through the
release of partial treated wastewater and/ or through sewage pipe leakages; leaching of
substandard septic tanks. It is therefore required to monitor the effluents quality discharged into the

water sources in order to maintain the ecosystem (NEMA, 1998).

Healthy river systems are important to humans as they provide various services to meet human
needs (De Villiers and Graham, 2016). Any changes in physical water variables such as
temperature, turbidity and TDS, or changes in chemical variables such as salinity, pH, salinity,

inorganic and organic nutrients, DO, inorganic salts, and toxic matters, such as cyanide and lead,
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pose a serious threat to the environment (Palmer et al., 2004). Sewage discharged in water
resources has been identified as the major source of pollution in many systems. The deposition of
organic matters and nutrients has been discovered to have an effect on the micro-and-macro-

fauna present in the surrounding environment (Naidoo, 2013b).

Apart from the environmental and natural process disturbances, sewage discharge has always
been a point source potentially containing heavy metals and pathogens (Daniel et al., 2002). Other
sources of potential anthropogenic risks negatively impacting on the Mooi River Catchment are the
mine closures affecting the groundwater and the surface water quality (Coetzee, 2009). The Mooi
River sub-catchment within the Mooi River Catchment is categorised as a class Ill water resource,
which indicates major impacted area as a result of human activities but it is also considered
ecologically sustainable. Its recommended ecological category is C/D, which basically indicates
that the system is moderately to largely modified (DWA, 2016). These impacts leading to such
ecological status are as a result of human activities and sewage discharges being one of them.
The license holders (or wastewater plant operators) responsible for discharging sewage or effluent
into the water resources are then required to monitor both upstream and downstream of the
receiving environment as part of their permit conditions to ensure compliance and sustainability of

the resources.

2.5.2. Health risks associated with water pollution

Water pollution has been one of the major impacts affecting water bodies. Water pollution resulting
from industrial and sewage discharges has contributed greatly to human health risks in the
developing countries. The communities located downstream of the municipal sewage discharge
point or where contaminated water environment are at risk of due to increased microbial bacteria
and deteriorating physical and chemical indicators (Wakelin et al., 2008) They are also the cause
for many diseases such as gastrointestinal infections. Other infections associated with wastewater
include dysentery, typhoid, cancer human enteritis, and stomach ulcers (Liang et al., 2006). The
greatest concern related to microbial pollution is mainly the risk of human and livestock related
illnesses after prolonged exposure to contaminated water from the systems (Naidoo, 2013b). The
water bodies used as recreational facilities may serve as a source of infectious diseases which
may be transmitted through body contact or even through ingestion of contaminated water (DWAF,
1996d).

It is also known a variety of skin and ear infections may be caused by contaminated waters coming

directly into contact with the broken skin and also when that water penetrates the ear. The
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discharge of poorly treated wastewater often results in increased number of bacterial, viruses and
pathogens which may be a cause of waterborne related diseases and infections (Okoh et al.,
2010). There are indirect health risks identified such as the presence of mosquito, chemical
contaminants which may lead to more human health risks (Coetzee, 2003). Some chemicals are
either found occurring naturally in land or are introduced by human activities and usually dissolve
in the water, contaminating it and causing various infectious diseases (Moses, 2005). Studies were
carried out in 5 catchments of the North West Province which included the Mooi River to determine
the presence of pathogenics such as E. coli, Salmonella, Klebsiella and Shigella species of which it
was positive due to wastewater discharges into the system. Indications were that though they may
be minimal direct human consumption of water from the water resources but indirectly they were
consuming these pathogens through fish. Eating the fish raw or undercooked poses human health

concerns (Sibanda et al., 2015).

2.5.3. Effect of sewage effluent on the suitability of water for drinking purposes

Water for drinking purposes is abstracted from surface waters such as rivers, dams and sometimes
ground water sources are considered such as boreholes. Because of urban development and
human activities along the catchments which may affect the quality and quantity of the resource, it
is therefore it is important that these resources are assessed and monitored. Polluted resources
not only threaten public health as some of the communities still rely on the resources directly but it
also affects them economically and aesthetically (Water Research Commission, 2002). In most
parts of South Africa, many communities still use untreated water from surface and groundwater
for their daily needs and it is usually contaminated with faecal matters due to wastewater
discharges. Any form of contact with contaminated waters, either through mural activities or

consumption is a health risk (Farasat et al., 2012).

Water quality can be classified according to its intended use and purpose. There are cases
polluted water could not be used for human consumption but still be useful in other activities by
industrial and agricultural sectors. Studies have revealed that anthropogenic activities do affect
natural processes and resulting into poor water quality, such as agriculture and effluent or
wastewater discharges (Chimuriwo, 2016). As a result of poor water quality aesthetic impacts such
as bad taste and odours in drinking water are evident (Moses, 2005). Within the Mooi River
Catchment, Mooi River system is considered the key source of potable water for the people living
in and around the Potchefstroom town, its worsening water quality will affect most communities
(Venter et al., 2013). Apart from the system being used for drinking purposes, the Mooi River is

largely used for industrial purposes and mostly around Potchefstroom, and is also used for angling
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and other for other recreational purposes (Labuschagne, 2017). The main land-use activities in the

north of the sub-catchment are crop farming as well as grazing (van der Walt et al., 2002).

2.6. SOUTH AFRICAN WATER LEGISLATION AND MANAGEMENT

The environmental impacts emanating from municipal wastewater disposal are controlled by
various legislations and policies. South Africa has developed these guidelines, standards and
policies to safeguard the national water resources and to ensure water needs are met. This is done
through Department of Water and Sanitation (DWS), who are the custodian of the country’s water
resources. The pieces of legislation developed by DWS are aimed at ensuring that water entering
the national water bodies meets the set standards for the protection of human health and aquatic
life. Over time, challenges on water quality have been experienced, hence DWS then has imposed
specific quality limits as part of the legislative requirements to prevent and curb pollution issues
(Smethurst, 1988).

The legislations governing the water management and wastewater discharges into water resources
in South Africa is very broad and focuses on different aspects of water protection and use. The
National Water Act (No. 36 of 1998) (DWAF, 1998) and the Water Services Act (No. 108 of 1997)
(DWAF, 1997) provides comprehensive coverage of the different aspects of wastewater treatment.
The challenge with water and wastewater related laws and policies is that they have been
identified in different documents and thus making it difficult and time-consuming to access, hence a
need for a comprehensive document that will consolidate all these laws and policies into one user

friendly and easily accessible document (Muller, 2013).

The National Water Act (NWA) covers regulatory issues on resource management whereas the
Water Services Act (WSA) sets the mandate on water services provision and setting licence
criteria for discharge (Muller, 2013). The challenge with the two frameworks is that they only make
provision for general authorisations for discharging into streams and rivers but there is no mention
of the compliance levels of the treatment. This then calls for the real need to have a single set of
regulations and standards specifically for discharges of wastewater from the treatment works into

water resources (Gaydon et al., 2007).

2.6.1. National Water Policy

The National Water Policy was developed and adopted in 1997. The key principles driving the
policy are equal availability of water for all citizens considering the current and future generations.

The policy further affords all citizens a right to clean water whilst maintaining the ecological
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sustainability. The principles of the Constitution are embedded in this policy (Mosoa, 2013). Water
policy requires that households should receive up to 6000 liters of water free of charge every
month. Improper management of wastewater was identified as priority; however, deteriorating
water quality has adverse effects on human health in other areas, activated by the lack of
sanitation and the non-functioning of water supply schemes (Mackintosh and Colvin, 2003). The
National Water Policy requires that water resources be developed and managed in such a manner
as to allow all water user sectors to gain equitable access to the desired volumes, quality and
reliability of water (DWAF, 1997).

2.6.2. Constitution of Republic of South Africa

The Constitution of the Republic of South Africa (Act no. 108 of 1996) states thus everyone has the
right to a protected and safe environment through legislations that ensure pollution prevention,
promote conservation and sustainability, and degradation prevention (Parliament of RSA, 1996).
Water is considered a scarce resource that requires all measures to ensure it is protected and
used wisely. Over and above the protection of water for human consumption and benefit, the
aquatic environment is also entitled to the same rights and benefits (Naidoo, 2013b). The
Constitution has allocated the management of the water resources to the National Government as
custodian, and the management of water and sanitation services to local government. In line with
the provision in the Constitution (Act 108 of 1996) that national government is the custodian of the
sources of water, such as rivers, groundwater and dams; and the Minister of the Department of
Water was given the mandate by the National Water Act to act on behalf of the nation, to protect,

use, develop, conserve, manage and control water resources as a whole (DWAF, 2013).

2.6.3. National Water Act (NWA)

The NWA’s mandate is to promote the implementation of an Integrated Water Resource
Management (IWRM) framework, which serves as a guide to achieve a balance between water
resource use and resource protection in an integrated, economically and environmentally
sustainable manner (RSA, 1998). The NWA is based on the principles of equity; efficiency and
sustainability (Muller, 2013). The NWA is aimed at promoting the sustainable use and protection of
water resources, making the management and monitoring of sewage treatment plants so
mandatory. The Act requires a licence discharging any form of treated wastes back into the water
system and where such practice is done there should be consistent monitoring of the quality of
water and records kept of such since some people still rely on untreated water from the resources
for their daily supply. In the case of wastewater treatment plants this implies that the right

technology and plans on maintenance of the works, as well as emergency measures be put in
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place to prevent pollution from treated water effluents as well as the solid sludge up to its safe
disposal (WRC, 2002).

The licences approved and issued by DWS are either in a form of a General Authorisation (GA) or
Water Use Licence. The Government Notice (DWAF, 2013) published qualifies specific water use
activities related to wastewater discharges as those requiring the GA as opposed to the full licence
requirements depending on the extent and nature of a particular discharge activity. The Act further
provides for Water Use Licence requirements in terms of Section 22 (3) for certain wastewater
discharging activities where DWS as the authority grants the applicant approval where the

requirements and the purpose of the Act have been met (Belcher and Grobler, 2014).

Kokosi, Flip Human and Tlokwe WWTWSs are currently operated in terms of different water use
licences issued by DWS, which permit them for the treated wastewater to be discharged into the
Loopspruit, Wonderfontein Spruit and Mooi River systems respectively. Chapter 3 of NWA focuses
on pollution prevention with certain requirements for the users whose activities may impact
negatively on the resources that those individuals should implement (Hendricks, 2011). The
definition not only focuses on the physical, chemical and biological changes due to pollution, but it
also covers the potential impacts on the users thus making it easy to assess and quantify pollution
at different levels. In this way the sources of pollution should be easily identified; with the origins

and sources of water pollution are identified in the subsequent section (Moses, 2005).

The NWA has developed effluent quality standards for the discharges of effluent into the water
resources as described in Government Gazette No. 20526 (RSA DWAF, 1999) which superseded
previous General and Special Effluent Standards (SA Government Gazette, 1984). These latest
standards are based on the quality of the receiving environment which allows for a determined
quality of effluent to be discharged. Table v and vi (in Appendix 3) show discharge limits (General
and Special Effluent standards) for different elements including E. coli, ammonia and nitrate, on
which this study focuses. General Limit are normally applied unless wastewater is being
discharged into sensitive or protected areas, then the special limits apply (Government Gazette,
1984). Special limits are used when the effluent arising in the catchment area is discharged into
any river or tributary at any place between the source and the river. General Limits are then
applied on effluent arising in any area other than the special standard is applicable, e.g. protected
areas (SA Government Gazette, 1984). These limits are applied to wastewater works who have not
been granted a GA or WUL.

The NWA also makes provision for the development and implementation of the Resource Quality
Objectives (RQO) in order to ensure that the country’s water resources are protected for future and
used sustainably. The aim of the RQO is to set distinct goals with regards to the quality of water

25




resources. The act further indicates the need to balance between the need protection and
utilization a water resource (DWA, 2014). The classes and RQOs were determined for all
significant water resource of the Upper Vaal Water Management Area, of which the Mooi River
Catchment is part. The Mooi River was classified as class Ill and Recommended Ecological
Category (REC) and water quality category D (indicating the system is largely modified) and RQOs
indicating the need to improve the salts and nutrients in order to ensure the ecosystem’s heath and
suitability for different uses (DWS, 2016).

2.6.4. Water Services Act (WSA)

The discharge of industrial effluent and wastewater is done in accordance with the requirements of
the NWA and the WSA where local authorities have the responsibility to treat before disposing
wastewater as per the requirements of the Act and other environmental legislations. Each user or
discharger is required and expected to ensure effluent discharged into the resource meets the set
and legislated standards (Bekal et al.,, 2003). The WSA requires that the drinking water and
sanitation provisions be managed by local government and municipalities (RSA, 1997). It contains
rules and regulations to municipalities on how they should provide water services. The main users
of the Water Services Act are institutions, such as municipalities, who are focused on water service
provision to water users. It is crucial that the Water Services Act be read in conjunction with the
NWA as the NWA is considered “the key legal instrument relating to accessibility and provision of
water services (LHR Publication Series, 2009). The focus of this research was the discharges of

sewage into the water environment.

2.6.5. The National Water Resources Strategy (NWRS)

The National Water Resource Strategy (NWRS) was initiated to promote integrated water
resources management in the country through developed strategies aimed at protecting,
developing, conserving, utilizing, controlling and managing the South African’s water resources in
accordance with the legislative requirements and Section 5 (4)(a) of NWRS (Nomquphu, 2005;
Naidoo, 2013b). The key objective of this initiative was to fairly manage water resources in a way
that ensures enough water of appropriate quality will be available to sustain a strong economy,
high quality life and healthy aquatic ecosystems for many generations. A vital element of the
NWRS is the delegation of responsibility and authority for water resources management to
catchment management agencies and water user associations (local level) to allow effective
management of water resources in their respective areas (DWAF, 2013). The NWRS indicates that

RQO provides numerical limits on the chemical, biological and physical attributes while considering
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the class and requirements different uses of a particular resource. RQO provides description of the
condition and character of the habitat and aquatic biota, the water quality and quantity, and river
flow pattern and timing (Dickens et al., 2011).

2.6.6. The South African Water Quality Guidelines (TWQR)

The then Department of Water Affairs and Forestry (DWAF) developed target ranges for water
quality in response to the increasing degradation of the country’s rivers and streams. The approach
that DWA followed was based on the capacity and tolerance levels of each water resource to any
foreign material (Naidoo, 2013b). The water quality guidelines include quality criteria target ranges
to ensure fitness of water for any intended use is assessed and treatment options provided.
Legislations are enforced to ensure that the recommended guidelines are achieved and complied
with. In order to limit effluent releases from municipalities and industrial sources into the water
environment water quality criteria and standards are worldwide used to prevent damage to human
health and aquatic species. Quality standards are considered a regulatory instrument that enlist
specific quality parameters attached to specific uses and are usually based on a scientific and

observations (Perry and Vanderklein, 1996).

2.6.7. The National Environmental Management (NEMA), Act No. 107 of 1998

The NEMA (Act no. 107 of 1998) serves as a blanket legislation through established principles and
procedures for co-ordinated environmental activities by different organs of state. The NEMA as the
umbrella legislation makes provision for co-operative governance to environmental management
issues though its established principles for decision makers (Naidoo, 2013a). NEMA emphasizes
on the importance of avoiding the disturbance of the ecosystems and loss of biodiversity. This is
applicable to wastewater discharge into the water environment which may change water quality of
that resource and possibly cause death of aquatic species due to the concentration of those
pollutants. The Act also requires that the quality of domestic wastewater disposed be monitored on
certain intervals and that it adheres with the effluent standards before discharge. According to the
schedule 3 of the Act, any person who commits an offence relating to endangering species would
be fined as much as three times the value of that species affected. This includes discharging

improperly treated effluents which would affect the aquatic species (Mothetha, 2016).
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2.6.8. Green Drop System

The Green Drop Certification Programme was first launched in 2008 and is aimed at providing the
Department of Water and Sanitation with an information on how municipal WWTWs are complying
with relevant licence conditions as set in terms of the NWA and the WSA (Muller, 2013). This
program attempts to regularly measure, monitor and improve the wastewater industry. The Green
Drop program (GDP) provides local municipalities with an opportunity to generate their information
and data pertaining to their treatment plant efficiency and effluent composition, in order to monitor
and ensure they report back on their wastewater management systems (Naidoo, 2013b). The GDP
assesses the entire wastewater treatment process, from the source up until wastewater is
discharged into the water environment (Figure 2.2). It also looks at operational processes,
maintenance works and emergency response plans in place. The results of each municipality’s
performance are published for continuous improvement and for members of the public to comment
and put pressure where there are issues. The programme ensures that wastewater discharged
from the treatment works complies with the requirements of the discharge licence (Muller, 2013).

National Water Act:
Specifies License
Conditions

Green Drop Certification Programme.

Waste Water
House Hold = Effluent
Treatment

Waste Water Discharge
Process

Water Services Act:
Specifies GD Process
& Assessment

Figure 2. 2: Diagram showing the Green Drop (GD) process from source to discharge into
the water resource (Muller, 2013).
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2.6.9. National Eutrophication Monitoring Programme (NEMP) and National Microbial

Monitoring Programme (NMMP)

Due to deterioration of water quality of the water resources as a result of development, DWS (the
then DWAF) developed water quality monitoring programmes, e.g. National Eutrophication
Monitoring Programme (NEMP) and National Microbial Monitoring Programme (NMMP). The
NEMP and NMMP provides status of all rivers and dams and the impact of human and industrial
activities on the water resources. In these monitoring programmes all quality parameters are

assessed seasonally and over a certain period of time (Nomquphu, 2005).

2.7. WASTEWATER DISCHARGES

Wastewater is defined as a mixture of liquid waste removed from the industrial establishments,
residences and storm water from both ground and surface water (Tchobanoglous et al., 2004;
Naidoo, 2013b). The domestic wastewater is then defined as sewage which normally consists of
black water composed of faecal matters from human and animal wastes as well as grey water
originating from household activities (Naidoo, 2013b). Wastewater is further defined as any water

whose quality has been disturbed by the introduction materials from anthropogenic activities.

One of the critical issues around sewage treatment is the inequality from the authorities in the
provision of the services. Literature has revealed that developed countries have reached their
goals of achieving basic phases of wastewater treatment and have worked towards achieving
relevant Standards. The developing countries are still trying to establish the basics of wastewater
treatment while at the same time trying to meet international standards in order to protect the

receiving water environment (Muller, 2013).

Table 2.1 indicates the WWTWs in the study area and the rivers they discharge their wastewater

into.
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Table 2. 1: Wastewater works in the study area and rivers they are discharging into

Wastewater works Rivers the WWTW is discharging into
Final Effluent From Kokosi WWTW at Kokosi Loop Spruit

Flip Human WWTW Final Effluent Wonderfontein Spruit
Potchefstroom Final Effluent From Mooi River
Pochefstroom WWTW

2.7.1. Wastewater composition

Wastewater is defined as any water whose quality has affected by anthropogenic activities. These
waste products can be in liquid and/ or solid forms. Wastewater comprises of liquid waste collected
from domestic residential, commercial, industrial, or agricultural areas and has potential to contain
contaminants depending on the volumes discharged (Henze, 2008). Municipal wastewater is a
combined by-product of human waste (domestic sewage), debris, waste chemicals, suspended
solids, and a diverse waste types from residences, commercial, and industrial sectors (Holm,
2004). It may include urban run-off. Figure 2.3 illustrates municipal wastewater components.
Municipal wastewater is mainly constituted of 99.9% water with minor concentrations of suspended
and dissolved solids. Over and above the organic substances found in sewage there are fats,
soaps, carbohydrates, proteins as well as other natural synthetic organic chemicals from different
processes in industries (Metcalf and Eddy, 2003). A number of substances contained in any
municipal wastewater effluents are known to pose a threat on aquatic environment including
nutrients, such as nitrogen and phosphorus; pathogens, antibiotics, endocrine disrupting
substances (Holm, 2004).

The composition of the municipal wastewater varies notably from one place to another due to
volumes discharged (Henze, 2008). Wastewater can be further characterised by its main
contaminants as per the list in Table 2.2 which may have potential negative impacts on the
receiving water environment. The level of contaminants in the river system results in an increases
in BOD, COD, total dissolved solids (TDS), TSS, metals and faecal coliforms and thus make the
water unsuitable for its intended purposes (Kanu and Achi, 2011). In rural settings the wastewater
issues are usually linked to bacteria-carrying faecal matter as a result of uncontrolled discharges.
In rural areas pollution arises from agricultural plots that carries fertlizers, livestock manure and
pesticides, and this combined with overflowing sewer during rainfall season result to diffuse urban

pollution (Helmer et al., 1997).
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Table 2. 2: Main classes of the contaminants of the municipal wastewater and their
significance and origin (Source: Metcalf and Eddy Inc., 1991)

|Contaminant

|Significance

|Origin

Settleable solids

Settleable solids may create sludge deposits and

Domestic, run-

microorganisms

communicable water borne diseases such as cholera

(sand, grit) anaerobic conditions in sewers, treatment facilities or off

open water
Organic matter Biological degradation consumes oxygen and may Domestic,
(BOD); Kjeldahl- disturb the oxygen balance of surface water; if the industrial
nitrogen oxygen in the water is exhausted anaerobic conditions,

odour formation, fish kills and ecological imbalance will

occur
Pathogenic Severe public health risks through transmission of Domestic

Nutrients (N and P)

High levels of nitrogen and phosphorus in surface water
will create excessive algal growth (eutrophication). Dying
algae contribute to organic matter (see above)

Domestic, rural
run-off,
industrial

Micro-pollutants
(heavy metals,
organic compounds)

Non-biodegradable compounds may be toxic,
carcinogenic or mutagenic at very low concentrations (to
plants, animals, humans). Some may bioaccumulate in
food chains, e.g. chromium (VI), cadmium, lead, most
pesticides and herbicides, and PCBs

Industrial, rural
run-off
(pesticides)

Total dissolved solids
(salts)

High levels may restrict wastewater use for agricultural
irrigation or aguaculture

Industrial, (salt
water intrusion)

2.7.2. The importance of sewage treatment
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Sewage treatment, and/ordomestic wastewater treatment, is defined as the process of the removal
of contaminants from domestic and industrial effluents. The treatment process (Figure 2.4)
includes physical, chemical and biological processes to remove physical, chemical and biological
contaminants conveyed in the water. Majority of these contaminants are organic and inorganic
compounds and acutely toxic and hazardous to health (Greenberg et al., 1998). One of the key
focuses of wastewater treatment is the removal of pathogens in order to protect the health of the
public by making sure effluent discharged complies with the set quality limits and standards (Bekal
et al.,, 2003). Wastewater treatment is a vital component in any community without which water-
borne pathogens can spread resulting in diseases and degradation of receiving water bodies
(Akpor, 2011). Treatment is broadly categorized into the following stages: preliminary treatment;
primary treatment; secondary treatment; tertiary treatment and solids treatment (Naidoo, 2013b).

Table 2.3 explains briefly what each of the treatment stages involve.

RAW SEWAGE FROM
SURROUNDING AREAS

WATP PRIMARY SETTLING/

PRETREATMENT PRIMARY TREATMENT SEDIMENTATION TANK

="

—=

COARSE SCREENS FIME SCREENS

I
I
I
I
I
—

SECONDARY TREATMENT

=\ - - -"-—-""-""F-""¥F-7V" -V - — = —l

| CHLORINE CONTACT/ UV LIGHT [ SECONDAR CLARIFIER TRICKLING FILTERS/
AERATION BASINS

Incoming Air

FINAL TREATED EFFLUENT | WASTE ACTIVATED
DISCHARGED INTO RIVERS SLUDGE RETURN ACTIVATED SLUDWGE

THICKENING —= SLUDGE __-  SLUDGE 5 LAMDFILL
DIGESTOR DEWATERING INCIMERATION
LAND APPLICATION

Figure 2. 4: A general overview of treatment stages within a wastewater treatment plant
(Naidoo, 2013b)
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Table 2. 3: Brief details on the stages of the treatment process (Mothetha, 2016)

Stages of the treatment

process

Brief details of the process

Preliminary Treatment

This is the first stage in a process where large solids and grit are

removed. These large materials are disposed of in landfills

Primary Treatment

Waste is passed through settling/ sedimentation tank to remove solids

through settling.

Secondary Treatment

At this stage dissolved and suspended organic material is broken down
by naturally occurring microorganisms and is called the activated sludge
process.

Tertiary Treatment

Wastewater is disinfected to reduce disease causing pathogens. This is
done through the use of chlorine, ultraviolet ponds and micro filtration
and biological detention ponds.

Sludge Treatment

This is done with the help of anaerobic microorganisms in sludge digester

tanks.

The main aim of treating wastewater is to ensure it is discharged safely, without being a nuisance
to public health and without degrading watercourses. Wastewater treatment is critical process in
the management and monitoring of water resources because it is the only way to minimise the
potential pollutants entering the rivers and streams as a result of discharged effluents (Lester,
1983). The wastewater treatment is not only critical for human health only but also to ensure the
ecosystem’s health is not compromised. Inadequate and improper treatment could possibly affect
the ecosystem once released with insufficient treatment (Naidoo, 2013b) by affecting the levels of
Dissolved Oxygen (DO) and causing increased nutrient loads and algal blooms as a results of
elevated phosphorous and nitrates levels (Morrison et al., 2001) as well as faecal coliforms. There
are number of plant associated risks identified as a result of improper and insufficient treatment of
wastewater that have implications on the increased high maintenance costs and thus requiring

frequent monitoring of water quality.

Tourism sector is also affected as a result of reduced number of tourists’ visits to the water
resources due to deteriorated conditions at the site (Scholzel and Bower, 1999). Literature
revealed that most WWTWs in the North West province do not practice adequate treatment of
water to ensure removal of microbes from the water (DWA, 2012a). Development and proper
implementation of the management strategies and monitoring programmes will ensure the
protection of the water quality of water resources, thus reducing the cost of drinking water

treatment, and at the same time preventing waterborne disease (Bekal et al., 2003). The routine
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treatment of wastewater reduces the load of unwanted organisms and organic nutrients entering
the water resources. Often a times limitations such as lack of trained or negligent personnel and or
faulty machinery during treatment process can lower removal efficiency and non-complying
wastewater could be released into the environment. It is known that if normal treatment fails,
effluents of poor quality could pose associated health risks to human and could possibly also affect
aguatic species (Mema, 2010).

Despite the technologies applied to treat wastewater in WWTWSs, there is still a necessity that its
physical and chemical composition still needs to be assessed. Any change on the parameters may
be an indicator of changes in water quality. The assessment and monitoring of those parameters is
done to protect water resources from potential pollution and negative impact as a result of possible
poor maintenance and other operational issues at the plants (Kukier et al., 2004). Discharged
wastewater into natural waters remain a major source of viruses and bacteria as the wastewater
discharged contains human and animal faecal matters hence the importance to ensure monitoring
is done to avoid potential public health risks and exposure. This then means domestic wastewater
treatment and management requires treating untreated domestic wastewater up to acceptable
levels where municipalities ensure that they prevent deterioration in the receiving aquatic
environment, minimising possible risk of waterborne disease and protection of the ecosystem
services provided by the surrounding ecosystem. Consequently, improperly managed domestic
wastewater can possibly result in significant risks to human and aquatic environment health (De
Villiers and Graham, 2016). Wastewater pollution has always been seen as a major threat
worldwide (Okpor, 2011).
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CHAPTER 3: MATERIALS AND METHODS

3.1 STUDY SITE DESCRIPTION

The Mooi River Catchment runs along the Western Gauteng and North West Provinces of South
Africa. The catchment has a total area of approximately 1800 km? (Figure 3.1). The Mooi River
Catchment falls under the Vaal River Water Management Area. The Mooi River originates from the
Boons area before it flows into three impoundments namely Klerkskraal, Boskop and
Potchefstroom Dams (van der Walt et al., 2002). The main tributaries of the Mooi River are the
Loop Spruit and the Wonderfontein Spruit. The Loop Spruit originates from Fochville and is fed by
springs and excess water from the various mining activities. There are two major impoundments on
the Loop Spruit namely the Klipdrift and Modder Dams. The Wonderfontein Spruit originates from
Krugersdorp and flows into Donaldson dam, from which its water is pumped into pipeline of
approximately 32 km to the Carletonville area (Tlokwe City Council, 2014).

The Mooi River Catchment has three sub-catchments, namely the Wonderfontein Spruit, the Mooi
River proper and the Loop Spruit. These are shown in Figure 3.1. Each of these three sub-
catchments falls within different local municipalities. The Mooi River falls within the Tlokwe
Municipality in Potchefstroom, whereas its tributaries, the Loop and Wonderfontein Spruit fall under
Merafong City and Mogale City municipalities, respectively. The WWTWs of these municipalities
hold licences to discharge their treated wastewater into the Mooi River and its tributaries at
different points. The water of these same rivers are used for irrigation for commercial agriculture

and serve also as a source of drinking water.
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Figure 3. 1: Map showing Mooi River Catchment and its major tributaries in the catchment

The three sub-catchments of the Mooi River run through six districts, namely Krugersdorp,

Randfontein, Westonaria, Oberholzer, Fochville and Potchefstroom (Malan, 2002). The Mooi River

Catchment is further delineated into eight quaternary catchments known as C23D, C23E, C23F,

C23G, C23H, C23J, C23K and C23L (see Figure 3.2).
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Figure 3. 2: The quaternary catchments of the Mooi River Catchment

The three WWTWSs namely; Kokosi, Flip Human and Potchefstroom that discharge into the Loop
Spruit, Wonderfontein Spruit and Mooi Rivers, respectively were selected for this study. The water
guality data of the receiving environment downstream of each of these WWTWs were analysed
and compared to their upstream points. The data used was received from DWS. The chosen sites
enable one to assess the impact on the quality of the water of the receiving rivers as a result of
discharging treated wastewater from the WWTWs. The GPS coordinates of the discharge points of
wastewater from the WWTWSs into the rivers within the study area are presented in Table 3.1.
Reference sampling points which are located far upstream of most of the discharge points were
also included for comparison purposes. The sites from which DWS collected samples whose data

was collated and analysed in this study are shown in Figure 3.3.
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Table 3. 1: Sampling locations along the Catchment area of the Mooi River

Sample | Quaternary | WWTWSs Reason for sampling Latitude Longitude
location | catchment
C2H246 C23J Upstream of Kokosi WWTW | Upstream point of C2H257 26°26'01 2173314
To determine the contribution of Kokosi WWTW to the
C2H257 C23J Kokosi WWTW pollution of the water of Loop Spruit as part of the Mooi 26°29'52" 27°27'36"
River Catchment
C2H153 C23D Upstream of Flip Human Upstream point of C2H237 26°09'54 27°46'01
WWTW
To determine the contribution of Flip Human Water Care
CoH237 C23D Flip Human WWTW works to the poIIu'qon of the water of Wonderfontein Spruit 26°10'54" 27°46'15"
as part of the Mooi River Catchment.
CoH254 C23L Upstream of Potchefstroom Upstream point of C2H255 26°45'07 27°05'58
WWTW
To determine the contribution of the Potchefstroom Water
C2H255 C23L Potchefstroom WWTW Care Works to the pollution of water of Mooi River as part 26°45'04" 27°05'39"

of the Mooi River Catchment.
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Figure 3. 3: Map showing all the selected DWS points from the study area.

3.1.1. Vegetation

The catchment is situated in the Highveld Ecoregion 11 (Ecoregion Level 1) (Kleynhans et al.,
2005). Three of the eight quaternary catchments fall into different Level 2 ecoregions (Figure 3.4).
In this region grasslands are dominant, and may likely be influenced by frost, veld fires and
overgrazing. The region is widely degraded as a result of growing population, intensive grazing of
the grasslands, and other important vegetation types, agricultural activities and mining activities
(Low and Rebelo, 1998). A portion of the Mooi River system is situated in Ecoregion 7 which is
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dominated by Waterberg moist mountain and mixed bushveld (Kleynhans et al., 2005). The

vegetative habitat along the Mooi River is in a moderately modified state (DWS, 2016). At Boskop

Dam, the river has been extensively modified to an E category. Downstream of the Klerkskraal

Dam (approx. 30 km upstream of the study area), the upper reaches of the river are dominated by

wetland areas. Around these locations the river has undergone bed and bank modifications. Alien

vegetation also dominates the river below Boskop Dam. The habitat integrity become sparse

around the Potchefstroom area and below the Potchefstroom Dam. The city of Potchefstroom is

situated at the lower end of the Mooi River Catchment.
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Figure 3. 4: Map of the Mooi River Catchment indicating ecoregions.
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3.1.2. Rainfall

Climate is a measure of the weather conditions over a long period of time. It is known to influence
certain aspects such as vegetation, soil type, land uses and water quality. The catchment has a
mean evaporation potential of 1 650 mm (van der Walt et al., 2002) and temperatures ranging from
-1 °C during extended winter cold spell (May to September) to higher than 32 “C during October to
January (Cilliers and Bredenkamp, 2000), see also Figure 3.5. The hydrology of the river system is
strongly influenced by the rainfall from October to March. The dry season is normally from April to
September. Rainfall may be highly variable, both in space and time, often resulting in severe
droughts or flooding (Pantshwa et al., 2009).
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Figure 3. 5: Mean monthly and annual rainfall for North West Province (DWS website, 2018)

3.1.3. Geology

The geology of the study area is dominated by dolomites and there are large-scale gold mining
operations across the upper reaches of the catchment (DWS, 2014a). The geology of the Mooi
River Catchment is underlain with dolomite and the Wonderfonteinspruit contains three dewatered
dolomite compartments, the three dams in the Wonderfonteinspruit catchment are also heavily
contaminated with raw dolomite dewatering effluent, having an alkaline effect on the water
downstream (Winde, 2010) The dolomitic characteristic of the Mooi River Catchment changes the
chemical composition of the river, resulting into elevated pH and electrical conductivity levels

including elevated calcium and magnesium levels as the Mooi River flows downstream
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(Henderson-Sellers, 1991). The Boskop Dam within the catchment originates on complex geology
which consist of a quartzite ridge, lava, shale, dolomitic limestone, and a diabase dyke (Annandale
and Nealer, 2011). The source of water of the Boskop Dam is from dolomite underground
compartments, whose main sources are Boskop-Turffontein Compartment and Gerhard Minnebron
(DWAF, 1999).

3.1.4. Demography

There are currently eight formal settlements within Merafong City namely; Carletonville-Oberholzer,
Khutsong, Welverdiend, Blybank, Fochville, Kokosi and Greenspark (Merafong City, 2016). Of the
eight formal settlements the Kokosi Wastewater works services the Fochville, Kokosi, Greenspark
and the Losberg Industrial Area (which is part of Fochville). These small towns of the Merafong
City have a combined population of about 38 970 (Stats SA, 2011).

The Flip Human Wastewater works provides services to the following settlements namely;
Krugersdorp, Kagiso, Azaadville and Lusaka. The combined population of the areas serviced by
the Flip Human WWTW is estimated at about 10 000 (Stats SA, 2011).

Potchefstroom town had a population of about 250 000 according to the Stats SA (2011),
sustaining North-West University, residential areas and several other large industries. The town’s
supply of drinking water is from the Boskop and Potchefstroom Dams (Annandale and Nealer,
2011). Table 3.2 below provides a summary of the Local municipalities that each wastewater works

falls under, with the areas they service and their population statistics.

TableTable 3. 2: Population statistics and projections of the key towns within the study area
(StatsSA, 2011).

Wastewater works Sampling | Local Municipality | Villages served Population

stations served
Final Effluent From Kokosi | C2H257 Merafong City Fochville, Kokosi, | 38 970
WCW at Kokosi Greenspark, Losberg

Industrial Area

Flip Human WCW Final | C2H237 Mogale City Krugersdoro, Kagiso, | 10 000
Effluent Azaadyville, Lusaka
Potchefstroom Final Effluent | C2H255 JB Marks | Potchefstroom 250 000
From Potchefstroom WCW (Previously Tlokwe)

42




3.1.5. Hydrology

The catchment receives a mean annual precipitation of 683 mm (van der Walt et al., 2002). Some
of the rainfall seeps into the ground and serves as the ground water source which recharges the
tributaries of the Mooi River and its tributaries through several dolomitic bedrocks (hydrological
eyes). The mean annual loss of water by evaporation is estimated at 1650 mm (van der Walt et al.,
2002). The catchment area is known to have a relatively flat topography, with altitudes ranging
between 1520 m in the north to 1300 m in the southwest (Tlokwe City Council, 2014). About 55.8%
of the total runoff within the catchment area contributes to the surface water of the Mooi River (van
der Walt et al., 2002).

The Mooi River system and its two tributaries (Mooi River Catchment), are recharged through
various known dolomitic eyes (Winde and van der Walt, 2004). The dolomitic eye known as the
Bovenste Oog as well as surface water from the Wonderfontein Spruit provides the Mooi River with
water. The Boskop-Turffontein compartment and Gerhard Minnebron eye also feeds the Mooi
River through underground dolomitic compartments (Labuschagne, 2017). The tributary of the
Mooi River upstream from Boskop Dam namely the Mooirivierloop, is fed by water from the
Wonderfontein Spruit when high rainfall conditions are high. The Wonderfontein Spruit originates in
the Tudor and Lancaster areas which is from south of Krugersdorp, where it then drains portion of
the Krugersdorp area on the south of the Indian and Atlantic watershed. On the upper
Wonderfontein Spruit there is also Donaldson Dam which receives water from several sources,

such as mining facilities, sewage works, and informal settlements (Barnard et al., 2013).

The lower Wonderfontein Spruit, further downstream of the Donaldson Dam is a combined artificial
and natural drainage system. Most of the water received is conveyed through a pipeline till it
reaches the Oberholser underground compartment. From the compartment then the water flows
naturally to a streambed in a canal. If cases where the stormwater drainages exceed the capacity
of the pipeline, water then spills over the actual Wonderfontein Spruit feeding the Mooiriverloop
(Barnard et al., 2013).

There are activities undertaken with the catchment impacting on the hydrology of the Mooi river
system. The widely known and dominant land-use in the catchment is the agricultural practices in
the form of crop farming and grazing (van der Walt et al., 2002) thus contributing to elevated salts
inputs, erosion and topsoil loss due to run-off (DWAF, 1986). Peat mining formed from the Gerhard
Minnebron dolomitic eye has also caused reduction in the habitat integrity of the catchment (DWA,
2009). Mining activities involving small-scale diamond diggings have been evident occur in the

system of the Mooi River between Klerkskraal Dam and Boskop Dam. These have destroyed the
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floodplain and riparian habitats, and caused silting of the Mooi River system upstream of the
Boskop Dam (van der Walt et al., 2002).

3.2. METHODOLOGY

This section explains the methodology adopted for this research, how the data was sourced and
analysed. It further evaluates the results obtained against the national and internal water and
wastewater guidelines and standards.

3.2.1. Data collection

The quantitative research technique was applied for collection of all types of data used throughout

the study.

A request to supply monitoring data records for the selected sampling sites along the Mooi River
catchment was made to the Department of Water and Sanitation (DWS). Data on water quality for
the Loop Spruit, Wonderfontein Spruit and the Mooi River for the period 2015 to 2018 was used as
well as historical reference data taken during the period 2001 to 2002. Water samples were
collected and analysed by DWS. For the purpose of this study, the already existing data obtained
from DWS was used. There was very little data available for the specific sites identified in Table
3.1. Data from before 2001 / 2002 was mainly once-off sampling data or the data for the variables
identified for this study were not available. Although an inorganic dataset for South Africa is
available between 1972 and 2011, the sites and WWTW of interest had minimal data included with

the majority being used for the reference period from 2001 / 2002 (Huizenga et al., 2011).

The received data included the sampling records, quality indicators which are routinely monitored,
their physico-chemical and the microbiological methods of analysis that were used, as well as the
measured data. The records on the concentration of each parameter (received as monthly Excel
reports) were analysed and collated into tables of variation data of each parameter during the
study period. The data was used to draw up graphs to depict the trends and variation in the
concentrations of each measured parameter in water at each sampling site as a function of time.
The figures also depict the set control limits (national and international set standards limits) for
averting pollution of receiving surface water due to disposal of treated wastewater. Thus, out-of-
limit (non-compliant) data for each measured parameter could be identified easily. Effectively the
figures serve as a check of each measured parameter against the Water Use Licences for the

three wastewater works (Kokosi, Flip Human and Potchefstroom), and other South African and
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international standards and guidelines. In order to investigate and determine the potential impacts
on quality of the water of Mooi River as a result of sewage discharges from sites located within its
catchment area, the following analytical approaches were undertaken:
e Pre analysis of potential pollution problem on the Mooi River and its tributary by:
v’ surveying literature on the human activities likely to impact the Mooi River from its
catchment area.

v' reviewing green drop data and reports obtained from DWS;

<

reviewing Water Use Licences for the selected wastewater works; and

v obtaining rainfall data for the area from South African Weather Services.

3.2.2. Data preparation

Raw data received from DWS for each parameter at each site were used to construct tables of
monthly data. The sampling points at each site were downstream of the point of WWTWs
discharge of their treated water into the Mooi River and its tributaries. Points further upstream of all
wastewater discharging points were also included for comparison purposes. Once the data for
each parameter was collated it was used to draw up control charts to show variations in the levels

of each parameter as a function of time.

Only parameters which are characteristic of pollution derived from wastewater handling, treatment
and disposal were considered for data analysis. These were pH, electrical conductivity, suspended
solids (SS), ammonia, nitrate, phosphate, chemical oxygen demand (COD), Total faecal coliforms
count (TCC) and E. coli count (see Table 3.3).

Table 3. 3: Water quality parameters that were chosen for data analysis in this study.

Parameter Group Water quality indicator Parameter

Physical pH, EC, SS

Nutrients Ammonia (NH_), Nitrates (NO3), Orthophosphate (PO.%)
Organic matter Chemical Oxygen Demand (COD)

Microbiological E. coli, Total Faecal coliforms count (TCC)
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3.2.3. Water quality standards and guidelines

To evaluate the potential environmental impact of the activities of the WWTWSs within the
catchment of the Mooi River on the quality of the receiving water, the collated data were compared
against set national and international water and wastewater guidelines and standards. The
guidelines were used to determine if the quality of water was within the set specifications for
discharging the treated water into the river system. The national guidelines which were used
included DWS wastewater limits (DWAF, 2013); South African Water Quality Guidelines for
Domestic use, volume 1 and for Agricultural use (irrigation), volume 4 (DWA, 1996a; 1996b);
RQOs for the Upper Vaal (DWA, 2016) and the Water Use Licences for the three WWTWs which
were issued in terms of Section 39 of NWA (DWAF, 2013). Table 3.4 indicates the issued Water
Use Licences’ limits for the three WWTWs. The international standards included Water
Environment Partnership in Asia (WEPA, 2013) and the Environment Protection Act standards for
effluent regulation (EPA, 2003). The assessment of data against international and national
standards and guidelines was done to provide an indication of the fithess for use and possible

impacts on the aguatic system.

Table 3. 4: Water Use Licence limits for the Tlokwe, Flip Human and Kokosi WWTWs

Concentration/ value of Substance/Parameter Tlokwe WUL | Flip Human Kokosi
WUL WUL
Faecal coliforms 0 0 0
Chemical oxygen demand (mg/l) 75 75 75
pH 5.5-9.5 5.5-9.5 5.5-9.5
Ammonia (mg/l) 10 10 10
Nitrate/nitrite as nitrogen (mg/l) 3 15 15
Suspended solids (mg/l) 25 25 25
Electrical conductivity (mS/m) 75 75 75
Orthophosphorous (as phosphorous (mg/l)) 3 10 1

3.3. DATA ANALYSIS PROCEDURE

The selection of data analysis method is a a critical factor in achieving the aims and objectives of
the study. This research method allowed the comparison of indicators, categories and theories that

have been developed with primary data to achieve a perfect fit between categories and data.
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Control charts for each parameter at each sample points (discharge points), sites located upstream
of the discharge points as well as from historic data (2001 - 2002) were plotted from the collated
data (Figures 4.1 - 4.30). These graphs show the variation of each parameter as well as against
set limits from the standards, licences and guidelines in the study area. From this comparative
analysis, statements on the quality of the water of the three river were made. Percentage
compliance for the parameters analysed in this research was obtained by taking the number of
samples passed, divided it by the total number of samples analysed for that parameter then
multiplied by 100.

3.4. STATISTICAL ANALYSIS

Data collated from DWS was analysed quantitatively. The statistical analysis for all physico-
chemical and microbiological parameters were conducted using data from the study period 2015 -
2018 and the historical data from 2001 - 2002. The statistical analysis was a challenge as there
were many data gaps. A student's t-test (univariate) was conducted for two reasons: (I) to
determine whether water quality parameters of a particular WWTW were contaminated or not, and
(I) also to compare the water quality of the two monitoring sites (Singh and Kumar, 2011).
Statistical significance was set at p < 0.05, which indicates there is a statistically significant
difference between the two data sets being compared but if p > 0.05 then this means there is no
significant difference. For each variable there were three tests done to compare between the
different WWTW. Furthermore, a linear mixed model approach was used to determine what the
influence of sampling site, year and the interaction between site and year were for each of the

water quality variables. All analyses were completed using SPSS Version 25.

Principal Component Analysis (PCA) (multivariate) statistical technique was applied using Canoco
version 5. It attempted to explain the correlations between observations and to identify possible
sources that influence water quality (Gvozdi¢ et al., 2012). Multivariate statistical analyses in the
form of a principal component analysis (PCA) were carried out to determine whether any spatial
differences were evident in the sediment results based on the average total metal concentrations
at each site, irrespective of the time of the sampling survey. Furthermore, a PCA was used to
determine if there were any spatial or temporal trends within the water quality variables between
sites as well as between different sampling surveys (van den Brink et al., 2003). In this case,
sampling site and sampling year were used as co-variates in the PCA analysis. All of the data were

log transformed prior to analyses.

47




CHAPTER 4: RESULTS AND DISCUSSION

Chapter 4 presents and discusses the trends in the water quality characteristics of the Mooi River
and its tributaries at each chosen monitoring sites for the period 2015 to 2018. Variation in the
levels of each parameter is also graphically presented followed by a brief discussion on the quality

of the water.

4.1. PRESENTATION OF THE RESULTS

The tables of collated data are given in the various appendices. Each figure in this section has
horizontal solid lines, indicating the critical limit (over which the water quality is regarded as poor
and possibly causing a risk) of the specific water quality parameter. The variations in the measured
values of each parameter at each downstream and its respective upstream sampling point as a
function of time are shown as red and blue solid lines, respectively. The figures also include data of
the measured parameters for the river water samples which were taken upstream of the discharge
points. This enabled assessment of the impact on the water quality to be made before sewage is

released into water environment.

4.2. POWER OF HYDROGEN

During the study period, the power of hydrogen (pH) from Loop Spruit (Figure 4.1), Wonderfontein
Spruit (Figure 4.2) and the Mooi River (Figure 4.3) ranged within 6 to 8.5, except for one or two
occasions at one or two of the sites. Overall, the variation in pH of the water of the three rivers was
within normal limits. The pH of fresh surface water varies between 6 - 8.5. This pH range is
influenced by the nature of the geological bedrock of the water body via the carbonate/ bicarbonate
buffer pump derived from the solubility of limestone and shale rocks. The geology of the study area
maintains a pH ranging from 6 - 9.5. Outside this range, the pH of the water has a significant effect
on other water parameters such as the redox potential of solutes. This in turn controls the solute
solubility equilibria, especially the bioavailability of metal ions and their complexes as well as
nutrients (Paul, 2011; Agoro et al., 2018). Furthermore, the pH varied within the limits of the Target
Water Quality Range (TWQR).

By comparison of the average values, the pH downstream of the discharge points of the WWTWs
into the rivers were not significantly different (p > 0.05) from those measured upstream of the
WWTW. Since there is no difference, it can be concluded that the release of wastewater from the

three WWTWs did not have a significant influence on the pH of the water. However, an out of limit
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value of around 5.9 was measured only in July 2015 for water sampled downstream of the Kokosi
WWTW. The value of 5.9 was below the TWQR for domestic use and for agricultural (irrigation)
purposes which are 6 and 6.5, respectively (DWAF, 1996a and 1996b). In most cases fresh waters
in South Africa are normally more or less neutral, with pH ranges between 6 and 8 (Day and King,
1995). Surface water with very low pH (pH < 4.5) is considered acidic and toxic to animals (Naidoo,
2013a). This is usually an indication of artificial contamination due to discharge of industrial or
wastewater effluents (Swanson and Baldwin, 1965). High pH of fresh water (8.5) is also toxic and
corrosive. This results from artificial addition of alkaline wastes such as those from non-neutralised
alkaline cleaning reagents. This may also be a result of formation of ammonia from nutrient ions

and reducing conditions.

The pH in the natural water environment is mainly influenced by various factors such as discharge
of effluents, leachate of acidic metal ions acidic precipitation (rainfall), other microbial activity
(Naidoo, 2013b). An out-of-limit pH value of 8.9 was observed in the Mooi River in November
2017. This was an indication of addition of wastes that may have been alkaline or the formation of
ammonia under reducing or anaerobic conditions. The value was above the TWQR for agricultural

(irrigation) purposes and WEPA upper limits of 8.4 and 8.7, respectively.
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Figure 4. 1: pH of the Loop Spruit upstream and downstream of the Kokosi WWTW for the period May 2015 — March 2018.
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Figure 4. 3: pH of the Mooi River upstream and downstream of the Potchefstroom for the period May 2015 — March 2018.
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4.3. ELECTRICAL CONDUCTIVITY (EC)

The electrical conductivity (EC) concentrations ranged from 33.4 to 108 mS/m at the upstream
points of the Kokosi WWTW and ranged from 41.7 to 71.8 mS/m for the downstream site of the
Kokosi WWTW. At the Flip Human upstream points, the EC concentration ranged from 45.3 to 92.3
mS/m and after discharge it ranged from 65.3 to 104.8 mS/m. At the Potchefstroom WWTW, the
upstream EC concentration ranged from 58.2 to 90.6 mS/m and after discharge of the WWTW it
ranged from 69.4 to 117 mS/m (Figures 4.4 to 4.6).

The Kokosi WWTW upstream and downstream points complied fully with the RQO limits as well as
the WUL limit but only at the discharge point of the WWTW. The upstream point of the Kokosi
WWTW did not meet the WUL limit with only 59% compliance. The General limit compliance was
50% for the upstream and 96% after discharge of the WWTW, this then indicates some level of
improvement on the water quality from upstream to downstream. The Flip Human WWTW
complied fully with the RQO limits at the upstream points and after discharge of the Flip Human
WWTW. The upstream points’ compliance was at 63% for the WUL and 25% for the General
Limits. Compliance after discharge of the WWTW was 22% for both the WUL and the General
Limits. The Potchefstroom WWTW compliance to the limits at the upstream points were 60% for
the WUL, 100% for the RQO and 35% for the General Limits. After discharge of the WWTW
compliance was 4% for the WUL and General Limits, and 20.8% for the RQO limit.

The p-value for the comparison between the EC concentrations measured at the point upstream of
Kokosi and Potchefstroom WWTWs and at the sites after the two WWTWs discharge were less
than 0.05 (p = 0.02 and 0.000 respectively). Since there is a difference, it can be concluded that
the release of wastewater from the Potchefstroom WWTWSs was having a significant influence on
the EC concentrations downstream. Pelser, 2015 also discovered that Potchefstroom was the
largest contributer of pollution to the Mooi River as a result of various sources of pollution entering
the Mooi River and very high concentrations of water quality variables were measured and
phosphates being one of them, which indicate pollution and impact. This is not the case with
Kokosi WWTW. Although the difference is significant, the EC upstream of this WWTW was higher
than just after the WWTW. Therefore, the WWTW in fact appears to result in an improvement in
EC compared to the upstream site. Figure 4.4 indicates that this trend is only seen in 2017. The p-
value for the comparison between the EC concentration measured at the point upstream of Flip
Human and at site after discharge is = 0.08 which is greater than 0.05. This then means there is no
statistically significant difference between the EC concentration upstream and at the Flip Human

WWTW. It should be noted that the average EC upstream is still lower than that at Flip Human
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WWTW. Even though there is no significant difference, there might still be an impact of the

WWTW. However, many data gaps existed for these monitoring points (Figure 4.5).

Electrical conductivity of the Loopspruit upstream and after discharge of
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Figure 4. 4: Electrical conductivity in the Loop Spruit upstream and downstream of the

Kokosi WWTW for the period May 2015 — March 2018.
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Figure 4. 5: Electrical conductivity in the Wonderfontein Spruit upstream and downstream

of Flip Human WWTW for the period May 2015 — March 2018.
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Electrical conductivity of the Mooi River upstream and after discharge of Potchefstroom
WWTwW
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Figure 4. 6: Electrical conductivity In the Mooi River upstream and downstream of
Potchefstroom WWTW for the period May 2015 — March 2018.

The EC data of the water within the catchment area during the period 2001 - 2002 was also
analysed for its compliance as a comparative historic reference data to the current study period.
The EC concentration for the WWTWSs ranged from 51 to 69 mS/m (Kokosi), 69.8 to 82.3 mS/m
(Flip Human) and 108 to 137 mS/m (Potchefstroom) (Figure 4.7). The EC of water from the Loop
Spruit, Wonderfontein Spruit and Mooi Rivers downstream of the discharge points of the respective
WWTWs established that only water downstream of the Kokosi was compliant with set General,
RQO and WUL Limits. The EC of the water from Mooi River downstream of the Potchefstroom
WWTW exceeded all the set limits and quality targets. Water after the discharge point of the Flip
Human WWTW were within the RQO, but exceeded the General and WUL limits. Compared to
2015-2018 data only the Potchefstroom WWTW indicated some level of improvements on the EC
concentration in water with averages from 120 to 100 mS/m. The other WWTWs there are

variations though there is some kind of improvement though only slightly.
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Electrical Conductivity of the Loopspruit, Wonderfontein Spruit and Mooi River after
discharge of Kokosi, Flip Human and Potchefstroom WWTWs
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Figure 4. 7. Historical data (2001- 2002) electrical conductivity from the Loop Spruit,
Wonderfontein Spruit and Mooi River after discharges of the Kokosi, Flip Human and
Potchefstroom WWTWs.

4.4, SUSPENDED SOLIDS (SS)

The SS concentration of water at the Kokosi WWTW ranged from 5 to 149 mg/l (Figure 4.8). Only
the WEPA limits were complied with fully. Compliance to TWQR for agricultural use (irrigation) was
at 84%, EPA was 75% and the WUL and General limits were 70%. The SS concentration at Flip
Human WWTW ranged from 1.5 to 308 mg/l and 29 to 388 mg/l both upstream and downstream
respectively (Figure 4.9). Compliance with the TWQR for agricultural use (irrigation), WUL, EPA,
WEPA and General Limits was about 83% for the upstream point. The downstream point could
meet the WUL and General Limits, and compliance with TWQR for agricultural use (irrigation) was
50%, EPA was 33% and WEPA was 83%. The SS concentration at Potchefstroom WWTW ranged
from 1.5 to 422 mg/l (Figure 4.10). Compliance was at 90.5% with the WUL, General Limits and
EPA Limits. Compliance with TWQR for agricultural use (irrigation) and WEPA was 95%. However,
as can be seen in Figure 4.8 to Figure 4.10 the amount of data points for the SS was extremely
limited. The noticeable highest SS results were 308 and 388mg/l both upstream and downstream
of the Flip Human as well as 422 mg/l at the Potchefstroom WWTWs. These could be attributed to
the solids accumulated from the inadequate treatment process as well as any other potential
human induced activitivies (such as agriculture) that could have introduced solids the upstream
points of the Flip Human WWTW.

Only the t-test for the Flip Human WWTW could be completed as there were no upstream data for

the Kokosi and Potchefstroom WWTWs. The p-value for the comparison between the SS
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concentration measured at the point upstream of Flip Human and at site after discharge was 0.54
which is greater than 0.05. This result indicates there was no statistically significant difference
between the SS concentration upstream and at the Flip Human WWTW.

The SS of settled surface water is the mass of colloidal particulate matter (both or organic or
inorganic origins) that remains suspended after attaining a settling equilibrium per unit volume of
water (Venkatesharaju et al., 2010). Sources of SS pollution includes discharges from WWTWs
and industrial processes and agricultural runoff. The higher the SS concentration, the poorer the
water quality is of the water resource. Elevated concentrations Sediments decreases water
suitability for different uses especially in urban/ industrial areas, for recreational activities and for
aguatic life. The SS has a potential to impact on the benthic fauna and also affect gill functioning in
fish (Dallas and Day, 2004).

Suspended solids of the Loopspruit after discharge of Kokosi WWTW
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Figure 4. 8: Suspended solids in the Loop Spruit downstream of the Kokosi WWTW for the
period July 2015 — March 2018.
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Figure 4. 9: SS in the Wonderfontein Spruit upstream and downstream of the Flip Human
WWTW for the period July 2015 — March 2018.
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Figure 4. 10: SS in the Mooi River downstream of the Potchefstroom WWTW for the period
July 2015 — March 2018.

4.5, NITRATES

The nitrate (NOs) concentrations ranged from 1.0 to 8.2 mg/l at the upstream points of the Kokosi
and Flip Human WWTWs. There was no data for the Potchefstroom WWTW upstream points. Both
the highest and the lowest concentrations were recorded at the Flip Human upstream point
(Figures 4.11 — 4.13). In addition, the nitrate values in the upstream points of Kokosi and Flip
Human WWTWs were within the permissible limits of the WUL, General Limits and EPA schedule
2. Only a few points recorded exceeded the TWQR for domestic use, whilst other points exceeded
the RQO limits. None of the upstream points for Kokosi and Flip Human met the TWQR for
agricultural use (irrigation) limits. This could indicate that nitrate contamination reaching the Loop
Spruit may be from a combination of sources such as discharge of water as well as agricultural
runoff. These nitrate concentrations could also be as a result of mining activities which are known

to occur along the Mooi River system.

The nitrate concentrations ranged from 0.1 to 31.3 mg/l at the downstream points for Kokosi, Flip

Human and Potchefstroom WWTWSs, where the maximum value was recorded at Kokosi while the
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lowest value was recorded in Flip Human WWTW. The points recorded after discharge of the Flip
Human and Potchefstroom WWTWs complied fully with the EPA Schedule 2 limits whilst
compliance at Kokosi was 83%. The WUL and General Limit requirements were not met at the
Kokosi and Potchefstroom whilst the Flip Human WWTW complied fully. The TWQR for domestic
use was met fully after the discharge of Flip Human whilst compliance for the points after discharge
of Kokosi and Potchefstroom was sitting at 65% and 38% respectively. The points downstream of
Potchefstroom did not meet the TWQR for the agricultural use (Irrigation) whilst compliance at the
Kokosi and Flip Human WWTW was 9% and 67% respectively. Compliance to the RQO limits were
52%, 89% and 8% for the Kokosi, Flip Human and Potchefstroom respectively. Pelser, 2015
discovered that Potchefstroom was the largest contributer of pollution to the Mooi River as a result
of various sources of pollution entering the Mooi River and very high concentrations of water
guality variables were measured and nitrates being one of them, which indicate pollution and

impact.

The p-value for the comparison between the nitrate concentration measured at the point upstream
of Kokosi and at the downstream site was greater than 0.05 (p > 0.54). Since there was no
difference, it can be concluded that the release of wastewater from the Kokosi WWTW is not
having a significant influence on the nitrate concentration of the water (again noting that there are
limitations in the data, and on occasion the nitrate concentration at the Kokosi WWTW is in fact
quite high - 31.3 mg/l; Figure 4.11). This periodic higher measurement potentially reflects an
impact of the WWTW, but based on all the measurements, there was no statistically significant
difference. For the comparison of the nitrate concentration measured at the site upstream of the
Flip Human WWTW, and at point at Flip Human WWTW, the p value was 0.003. Thus, there was a

statistically significant difference between the upstream and downstream sites.

Two major sources of nitrate pollution of surface water include agricultural run-off laden with
residues of inorganic fertilizers as well untreated animal and human wastes. Elevated amounts of
nitrates in river water can also be due to discharge of semi treated sewage wastes from WWTWSs
(Naidoo, 2013b). Nitrates are known to induce eutrophication which poses a threat to the aquatic
life (Pieterse et al., 2003; de Villiers and Thiart, 2007). Reduced sunlight penetration and depletion
of dissolved oxygen due to a high demand of DO for aerobic bio-oxidation of the organic matter
resulting from the decay of plant blooms triggers anaerobic conditions (Odjadjare and Okoh,
2010; Abbaspour, 2011). The nitrates are reduced to produce ammonia, which is toxic to fish, and
related species. These conditions also produce noxious and odorous volatile compounds such
methane, halomethanes and hydrogen sulphide (Agora et al, 2018). In addition, high

concentration of nitrates is toxic to humans.
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Nitrates of the Loopspruit upstream and after discharge of Kokosi WWTW
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Figure 4. 11: Nitrate concentrations in the Loop Spruit upstream and downstream of the
Kokosi WWTW for the period May 2015 — March 2018.

Nitrates of the Wonderfonteinspruit upstream and after discharge of Flip Human
WWTW

16
14
12

10

NO; mg/L)
0o

Jul-17
Aug-17

~ o~ P~
IR
T T
55 %
=23

Jun-17
Sep-17
Oct-17

Nov-17
Dec-17
Jan-18

C2H153 upstream

C2H237 Flip Human

sssese WUL limit/ General limits =0 seeees SA Guidelines: Domestic use

RQO

SA Guidelines: Agricultural use (irrigation)
EPA Schedule 2

Figure 4. 12: Nitrate concentrations in the Wonderfontein Spruit upstream and downstream
of the Flip Human WWTW for the period May 2015 — March 2018.
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Nitrates of the Mooi River after discharge of Potchefstroom WWTW
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Figure 4. 13: Nitrate concentrations in the Mooi River upstream and downstream of
Potchefstroom WWTW for the period May 2015 — March 2018.

4.6. AMMONIA

The ammonia (NHs) concentrations ranged from 0 to 0.004; 0.001 to 0.015 and 0.062 mg/l at the
upstream points of the Kokosi, Flip Human and Potchefstroom WWTWSs respectively. After the
discharge of the three WWTWSs, the ammonia concentrations ranged between 0 and 15 mg/l for
Kokosi, 0.3 to 1 mg/l for Flip Human and 0.001 to 3.3 mg/l for Potchefstroom WWTW (Figures 4.14
— 4.16). There were gaps on the data received from DWS, with noticeably missing analysis results
between August 2015 to March 2016 which was found to be common amongst all 3 WWTWSs (see
Figure 4.14). The upstream points for the Kokosi WWTW complied and met all the ammonia limits
for the WUL, TWQR for domestic use, EPA schedule 2 and the General Limits. For the points after
the discharge of the Kokosi WWTW, only the WUL limit was met. Compliance for other limits was
at 74% for both the TWQR for domestic use and EPA schedule 2 whereas General limit

compliance was at 84%.

From the data received for the Flip Human WWTWs there were missing analysis results from
August 2015 to January 2015. Indications were there issues with the appointment of the service
providers in most of the months’ prior to the year 2017, hence there was no monitoring done of the
resources. The the upstream point, compliance was 100%, meaning all the WUL, TWQR for
domestic use, EPA schedule 2 and the General Limit requirements were met. The upstream points
of Potchefstroom complied with all the WUL, TWQR for domestic use, EPA schedule 2 and the
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General Limits. After the discharge of the WWTW only the WUL was complied with. The TWQR for
domestic use, EPA schedule 2 and the General Limit compliance were at 92%, 92% and 96%

compliance respectively.

The p-value for the comparison between the ammonia concentrations measured at the point
upstream of Kokosi, Flip Human and Potchefstroom and at the sites after the three WWTWs
discharge were less than 0.05. Since there is a difference, it can be concluded that the release of
wastewater from the three WWTW was having a significant influence on the nitrate ammonia
concentration of the water. To examine this further the averages of the concentrations at each site
were calculated. The average ammonia concentration upstream of the three WWTWSs were far
lower than at the WWTWs. This then confirms that the WWTWSs is having a statistically significant

influence on the ammonia concentration in the water.

The major sources of ammonia into the surface water could be associated with the release and
discharge of human and animal excreta, effluent from industries and agricultural fertilisers (DWAF,
1996¢; Agora et al., 2018). Most of the domestic wastewater contains ammonia and ammonium
salts which are used as cleansing agents and some as food additives. Ammonia as a gas is known

to be toxic to fish and other aquatic species (WHO, 2003).

Ammonia of the Loopspruit upstream and after discharge of Kokosi WWTW
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Figure 4. 14: Ammonia concentrations in the Loop Spruit upstream and downstream of the
Kokosi WWTW for the period May 2015 — March 2018.
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Ammonia of the Wonderfonteinspruit upstream and after discharge of Flip
Human WWTW
12.000
10.000
=2 8000
-]
E
m
T 6.000
-
4.000
2,000 No data for July
2015-March 2017
Vs for Flip Human — _—
0.000 — — —
R ) © o W B © A A AA A A %
NN NN N AN NN NN A A a8 A 8 N
é@‘\ N R ‘\6‘ & @ @%‘-\ N ¥ ‘\0‘5 & @ w@\ N & \\6‘ &
Date
C2H153 upstream C2H237 Flip Human
WUL Limit SA Guidelines: Domestic use/ EPA Schedule 2
« =+ ee General Limits

Figure 4. 15 Ammonia concentrations

downstream of the Flip Human WWTW for the period May 2015 — March 2018.
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Figure 4. 16: Ammonia concentrations in the Mooi River upstream and downstream of the
Potchefstroom WWTW for the period May 2015 — March 2018.

4.7.

ORTHOPHOSPHATE

The orthophosphate (PO4*) concentrations ranged from 0.460 to 2 mg/l in the upstream points and

ranged from 0.1 to 9.8 mg/l for the downstream points of the Kokosi WWTW. At the Flip Human
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WWTW upstream, the PO.> concentration ranged from 0.01 to 0.1 mg/l and after discharge it
ranged from 0.3 to 7 mg/l. At the Potchefstroom WWTW, the PO,* concentration ranged from 0.2
to 6 mg/ L after discharged of the WWTW (Figures 4.17 - 4.19). The upstream data for

Potchefstroom was unavailable.

The Kokosi WWTW complied entirely with the General Limits in both upstream and downstream
points. The upstream points did not comply with the RQO limits (0%) whereas after the discharge
of the WWTW, compliance was at 29%. The WUL compliance upstream was 63.6% and after
discharge of the Kokosi WWTW was 58%. The Flip Human WWTW upstream and downstream
points complied with all the WUL, RQO and General Limits except the downstream point which did
not comply with the RQO limits (0%). The Potchefstroom WWTW complied entirely with the
General Limits. Compliance to WUL was 96% and the WWTW did not comply to the RQO limits
(0%).

The p-value for the comparison between the PO,*> concentrations measured at the upstream and
downstream points for Kokosi WWTW was greater than 0.05 (p = 0.10). Since there is no
difference, it can be concluded that the release of wastewater from the Kokosi WWTW was not
having a significant influence on the PO.,* concentration in the water. The p-value for the
comparison between the PO4* concentration measured at the point upstream of Flip Human and at
the point downstream was less than 0.05 (p = 0.04). Therefore, there was a statistically significant
difference between the PO.* concentration upstream and downstream of the Flip Human WWTW.
The statistical analysis for the Potchefstroom could not be done since there was no upstream data.
Pelser, 2015 discovered that Potchefstroom was the largest contributer of pollution to the Mooi
River as a result of various sources of pollution entering the Mooi River and very high
concentrations of water quality variables were measured and phosphates being one of them, which
indicate pollution and impact. The high orthophosphate levels are very harmful to the river, as it

encourages eutrophication (Morisson et al., 2001).

Phosphates enter water resources from human and animal waste, some from phosphate rich
bedrock, wastewater from laundry cleaning and from other industrial processes, and fertilizer runoff
(Mosley et al., 2004). Elevated amounts of orthophosphates can also be due to discharge of semi-
treated sewage effluent from WWTWSs. Orthophosphates are known to induce eutrophication,
which poses a threat to the aquatic life (Morrison et al., 2001). Depletion of dissolved oxygen due
to a high demand of DO for aerobic bio-oxidation of the organic matter results in the rapid growth
of plant, algae and phytoplankton. Other causes of elevated levels of orthophosphates could be
operational issues during the treatment process such as free or bound oxygen in anaerobic zone,

and or under or over aeration (WIN-SA, 2011).
65




Orthophosphate of the Loopspruit upstream and after discharge of Kokosi
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Figure 4. 17: Concentrations of orthophosphate in the Loop Spruit upstream and
downstream of the Kokosi WWTW for the period May 2015 — March 2018.
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Figure 4. 18: Concentrations of orthophosphate in the Wonderfontein Spruit upstream and
downstream of the Flip Human WWTW for the period May 2015 — March 2018.
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Orthophosphate of the Mooi River after discharge of Potchefstroom
WWTW
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Figure 4. 19: Concentrations of orthophosphate in the Mooi River downstream of the
Potchefstroom WWTW for the period May 2015 — March 2018.

4.8. CHEMICAL OXYGEN DEMAND (COD)

The Chemical Oxygen Demand (COD) concentrations at the Loopspruit ranged between 5 to 24
mg/l and 5 to 4740 mg/l for the upstream points and Kokosi WWTW respectively (Figure 4.20).
Only the upstream points complied fully with the WUL, General Limit and EPA Schedule 2 limits.
For the Kokosi WWTW site (downstream) compliance to WUL and General Limits were at 80.9%
and EPA was 85.7%. The COD concentrations at the Wonderfonteinspruit ranged from 5 to 16
mg/l and 89 to 1420 mg/l respectively (Figure 4.21). Only the upstream points complied fully with
the WUL, General Limit and EPA Schedule 2 limits. The downstream points at Flip Human did not
meet the requirements of the WUL and General limits. Compliance to EPA was at 33.3%. There
was no data on the COD concentration for the upstream points of the Potchefstroom WWTW. The
COD concentration for the Potchefstroom WWTW ranged between 5 and 61 mg/l which complied
with the WUL, General Limits and EPA Schedule 2 requirements (Figure 4.22).

The p-values for the comparison between the COD concentration measured at the point upstream
of Kokosi and at the site downstream was found to not be statistically significant for either Kokosi
WWTW and Flip Human WWTW (p = 0.25 and p= 0.19, respectively). Since there is no difference,
it can be concluded that the release of wastewater from the Kokosi and Flip Human WWTW was
not having a significant influence on the COD concentration of the water. The statistical analysis for

the Potchefstroom WWTW could not be completed since there was no upstream data.
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Chemical Oxygen Demand is an indicator of the equivalent amount of oxygen that would be
required to chemically oxidise all the oxidisable matter of a water sample (Naidoo, 2013b). The
higher the COD detected in water, the higher the presence of oxidisable contaminants in the water.
High COD values are due to discharges from wastewaters from municipal and industrial waste
streams (pulp processing, food (dairy and meat processors) (Paul, 2011; Agora et al., 2018).
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Figure 4. 20: COD concentrations in the Loop Spruit upstream and downstream of the
Kokosi WWTW for the period May 2015 — March 2018.

68




COD of the Wonderfonteinspruit upstream and after discharge of Flip
Human WWTW
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Figure 4. 21: COD concentrations in the Wonderfontein Spruit upstream and downstream of
the Flip Human WWTW for the period May 2015 — March 2018.
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Figure 4. 22: COD concentrations in the Mooi River downstream of the Potchefstroom
WWTW for the period May 2015 — March 2018.

The historical data for the period 2001 to 2002 indicated that the COD concentration ranged from 5
to 976 mg/l, 27 to 124 mg/l and 28 to 465 mg/l for the Kokosi, Flip Human and Potchefstroom

WWTWSs respectively (Figure 4.23). The data indicates that downstream of the discharge point of
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Kokosi, the COD were within the WUL, General and EPA limits except in November 2002 where a
spike of 163 mg/l was noted which exceeded all the water quality targets. The Wonderfontein
Spruit results only exceeded the limits once in September 2002 with the results of 124 mg/I but it
was then within the water quality targets afterwards. The results of the Mooi River after the
discharge of Potchefstroom WWTW were within all the water quality targets through out, though
there were some gaps in the data received from DWS. When looking at the downstream historical
data and comparing it with the current study data, one can draw a conclusion that there has not
been an improvement on the COD concentration of the water in Loopspruit, Wonderfontein Spruit
and Mooi River as a result of the discharge of the WWTWs instead the potential impacts have

increased.
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Figure 4. 23: Historical COD data for the Loop Spruit, Wondefontein Spruit and Mooi Rivers,
downstream of their respective discharge points at Kokosi, Flip Human and Potchefstroom
WWTWs during 2001-2002 period.

4.9. TOTAL FAECAL COLIFORM COUNT (TCC) AND E. COLI COUNT

The faecal coliform concentration for the Kokosi WWTW ranged from 1 to 100 cfu/100mL at the
upstream point and between 1 to 300 cfu/100mL at the downstream discharge point (though only
two months’ data were available). The faecal coliform concentration for the Flip Human WWTW
ranged from 46 to 3200 cfu/100mL at the upstream point and between 1 to 690 cfu/100mL at the

discharge point. The faecal coliform concentration for the Potchefstroom WWTW ranged from 2 to
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7600 cfu/100mL at the upstream point and between 1 to 4800 cfu/100mL at the discharge point
(Figures 4.24 - 4.26).

The results of the faecal coliform counts at the Kokosi, Flip Human and Potchefstroom WWTWs
(both upstream points and after discharge) did not comply with the WUL and TWQR (domestic
use). Only the General Limits were complied with at the Kokosi WWTW (both upstream and after
discharge), and compliance at the Flip Human WWTW was 83% for upstream point and 100%
downstream, and the Potchefstroom WWTW compliance was 75% upstream and 95%
downstream. The Flip Human and Potchefstroom WWTWSs upstream points did not comply with
the TWQR (agricultural use) whereas downstream points were 67% and 28.6% respectively. At the

Kokosi WWTW compliance with TWQR (agricultural use) was 0% downstream and 26% upstream.

The p-values for the comparison between the faecal coliform concentrations measured at Kokosi,
Flip Human and Potchefstroom WWTWs were greater than 0.05 (p = 0.55, 0.38 and 0.17
respectively). This result indicates there was no statistically significant difference between the
faecal coliform concentration upstream and downstream of the WWTWSs. However, the data
availability was extremely poor and as such this result has a low confidence. A study by Pantshwa

et.al, 2009 also revealed the existence of faecal pollution gradients along the Mooi River system.

Coliforms are a group of bacteria (inclusive of faecal and the enterococci genera) which are rod-
shaped, gram-negative, non-spore forming and motile or non-motile bacteria which ferment lactose
resulting in the formation of acidic gases in the bowels of warm blooded animals (WHO, 2001,
2008). The most common types are the faecal coliforms exemplified by E. coli. These have the
ability to proliferate even at an elevated temperature (WHO, 2008). Total coliforms are prevalent in
both sewage and natural water systems through human and animals’ faeces. This poses a health
threat due to high chances of water contamination through untreated sewerage waste. Total
coliforms count (TCC) (cfu per volume) is used as reliable indicator of hygienic quality of water for
drinking water purposes (DWAF, 1996b). Faecal coliforms are thus used as an indicator of
potential faecal pollution of surface water. This indicator is normally used when evaluating the

quality of wastewater effluents into water resources (DWAF, 1996b).
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Figure 4. 24: Faecal coliforms count (cfu/l00 mL) from the Loop Spruit upstream and
downstream of the Kokosi WWTW for the period April 2016 — March 2018.
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Figure 4. 25: Faecal coliform counts from the Wonderfontein Spruit upstream and
downstream of the Flip Human WWTW for the period April 2016 — December 2017.
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Faecal coliforms of the Mooi River upstream and after discharge of Potchefstroom
WWTW
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Figure 4. 26: Faecal coliform counts from the Mooi River upstream and downstream of the
Potchefstroom WWTW for the period April 2016 — March 2018.

During the reference period (2001-2002), data was only available during the period January 2002
to May 2002 (Figure 4.27). The faecal coliform count of water from the Loop Spruit, downstream of
the Flip Human WWTW was consistently higher in values of coliforms and was non compliant to all
the water quality targets except in May and November 2002, where at least the General Limit was
not exceeded. Water from the Mooi River was heavily contaminated with coliforms and values
exceeded all water quality targets throughout the study period (2001 - 2002). The Loop Spruit
results showed variation in compliance. In October and November 2001 the General Limit was met
but in February and May 2002 there were exceedences on the General Limit where the results
were 25000 and 81 000 cfu/l00 mL, respectively. When looking at the downstream points
historical data (2001 - 2002) and comparing it with the current study data (2015 - 2018), the
conclusion can be drawn that there has been an improvement on the faecal coliform concentration

of the water in the Mooi River catchment as a result of the discharge of the WWTWSs.
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Figure 4. 27: Faecal coliform counts from the Loop Spruit, Wonderfontein Spruit and Mooi
River downstream of the respective discharge points at Kokosi, Flip Human and
Potchefstroom WWTWs in the period 2001-2002.

The E. coli concentrations at the points upstream of Kokosi WWTW ranged from 1 to 100
cfu/100mL (Figure 4.28). After the discharge of the Kokosi WWTW the E. coli concentration ranged
from 1 to 315 000 cfu/100mL.The concentrations at the Flip Human WWTW, both at the upstream
and downstream points ranged from 1 to 1600 cfu/100mL and 1 to 690 cfu/100mL, respectively
(Figure 4.29). The E. coli concentration at the Potchefstroom WWTW ranged from 2 to 2300
cfu/100mL and 1 to 1920 cfu/100mL, respectively (Figure 4.30).

The upstream points of the Kokosi WWTW complied fully with the RQO and EPA schedule 2 limits
and the downstream points’ compliance was 13% with the RQO and 25% with EPA schedule 2.
Compliance at the upstream points of the Flip Human WWTW was 33% for both RQO and EPA
schedule 2 limits. However, the WUL limit was not met. Compliance at the downstream point was
67% for the RQO and EPA limits. The WUL limit was not met at the downstream points at the Flip
Human WWTW. Compliance at the upstream points of the Potchefstroom WWTW was 46% for the
RQO and 69% for the EPA Schedule 2 limits. After discharge of the Potchefstroom WWTW
compliance to the RQO and EPA limits was 89% for both limits.
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The p-value for the comparison between the E. coli concentrations measured at Kokosi WWTW
was less than 0.05 (p=0.03). This means that there were statistically significant differences
between the E. coli concentration upstream and downstream of the Kokosi WWTW. The release of
wastewater from the WWTW was therefore potentially having a significant influence on the E. coli
concentration in the water. The p-values for the Flip Human and Potchefstroom were greater than
0.05 (p = 0.52 and 0.37 respectively). Therefore, there was no statistically significant difference
between the E. coli concentration upstream and downstream of the WWTWs.
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Figure 4. 28: E. coli concentrations in the Loop Spruit upstream and downstream of the
Kokosi WWTW for the period May 2015 — March 2018.
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E.coli of the Wonderfonteinspruit upstream and after discharge of Flip Human WWTW
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Figure 4. 29: E. coli concentrations in the Wonderfontein Spruit upstream and downstream
of the Flip Human WWTW for the period May 2015 — March 2018.
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Figure 4. 30: E. coli concentrations in the Mooi River upstream
Potchefstroom WWTW for the period May 2015 — March 2018.

and downstream of the
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4.10. STATISTICAL ANALYSIS

4.10.1. Mixed Models

The results of the linear mixed models (LMM) are presented in Table 4.1 for the comparison
between the specific water quality variables, sites and sampling year. The results compared the
four sampling sites (S2, S3, S4 and S6) and the sampling years (2016, 2017 and 2018) for each of
the various water quality variables. The sites represented the following: S2 = upstream Kokosi
WWTW,; S3 = upstream Flip Human WWTW; S4 = downstream Flip Human WWTW; S6 =
downstream Potchefstroom WWTW. In addition, the combination effects of site and year were also
investigated. The LMM results showed significant results for the E. coli (site * year) interaction
effect while no significant differences where seen between sites or years on its own. The COD,
phosphate and pH indicated no significant differences. The EC results indicated significant
differences were present between sites (spatial variation) while the ammonia indicated there was
significant differences between sampling years (temporal variation). The nitrate results indicated a
significance for spatial differences (sites) as well as for the interaction effect between sampling site

and sampling years.

Table 4. 1: Linear mixed model results for the three WWTWSs, water quality variables and
sampling year. Significance indicated by shaded blocks were determined based on P < 0.05.

Type lll Tests of Fixed Effects
Numerator
Source df F Sig.
E. coli Site 3 2.31 0.10
Year 2 0.60 -
Site * Year 2 475 0.02
COD Site 3 0.27 0.85
Year 2 0.75 -
Site * Year 2 1.22 0.31
Phosphate | Site 3 0.75 0.53
Year 2 0.57 0.57
Site * Year 2 0.44 0.65
Ammonia Site 3 0.51 0.68
Year 2 4.73 0.02
Site * Year 2 2.33 0.12
EC Site 3 25.24 0.00
Year 2 0.28 0.76
Site * Year 2 0.07 0.93
Nitrates Site 3 4.89 0.01
Year 2 2.56 0.09
Site * Year 2 4.27 0.02
pH Site 3 0.98 0.41
Year 2 0.31 0.73
Site * Year 2 0.34 0.72
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4.10.2. Multivariate analyses

In Figure 4.31, the sites represent the following: S2 = upstream Kokosi WWTW,; S3 = upstream
Flip Human WWTW; S4 = downstream Flip Human WWTW; S6 = downstream Potchefstroom
WWTW. The E. coli was strongly grouped with sites S2 and S3 while the EC and pH was higher at
site S6 during summer. Temperature has been used as a useful measurement that indicates
various biological and chemical activities (Wattoo, et al., 2004). The E. coli survival rates are
known to be dependent on temperature (Jamieson et al., 2004). The E. coli concentrations are
usually higher when the temperatures are warmer, but in this study E. coli was high at the
upstream sites (during winter). This might be due to the rainfall season in South Africa which
occurs in winter months (May, June ad July) and the river flow is often low, thus causing water to
become stagnant and The EC and pH were higher downstream at S6 potentially due to the
sewage outfalls.

The COD seemed to indicate higher concentrations was found at S2 during winter while the
nitrates seemed to be higher during at S3 sites in the summer. High COD levels can be associated
with decomposition of organic materials in the municipal sewage and effluents. Nitrate
concentration was higher during the summer period due to high decomposition rates of organic
matter by anaerobic bacteria at high temperatures (Kumar, 2002). In addition to that, in this study it
could have been as a result of higher sewage loads discharged into the system. Ammonia and
phosphates were higher in S4 during winter. The increased concentrations in phosphate is mainly
due to sewage contamination (Nebel and Wright, 1998). Both the increased ammonia and
phosphate levels could also be as a result of agricultural activities taking place within the

catchment.

Table 4. 2: Eigenvalues and cumulated variance percentage of components obtained

Sites Eigenvalues Explained variation (cumulative)
S2 0.7353 73.53
S3 0.1768 91.21
S4 0.0366 94.87
S6 0.0295 97.83
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Figure 4. 31: Principal component analysis (PCA) of measured water quality parameters and
sampling sites for the sampling period 2015 — 2018. S2 = upstream Kokosi WWTW,; S3 =
upstream Flip Human WWTW; S4 = downstream Flip Human WWTW; S6 = downstream
Potchefstroom WWTW.

In Figure 4.32 the PCA with covariates for sampling year (2016-2018) and sampling sites (S2, S3,
S4, S6) removes the effect of the covariables on the water quality dataset. This PCA described
91.3% of the variation in the data with 75.5% on the first axis and 15.8% on the second axis. In
comparison with Figure 4.31, the sampling sites are strongly grouped together with little
discrimimation between sampling sites. The variation at sampling site S6 is also evident here. The
outliers from S2 is indicative of high values for COD and pH that was present at this site at this.

The site groupings are defined by the influence of E. coli on axis 1 and the COD on axis 2.
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Figure 4. 32: Principal component analysis (PCA) with covariables for sampling year (2016 —
2018) and sampling site (S2, S3, S4 and S6) for measured water quality parameters and
sampling sites for the sampling period 2015 — 2018. S2 = upstream Kokosi WWTW,; S3 =
upstream Flip Human WWTW; S4 = downstream Flip Human WWTW; S6 = downstream

Potchefstroom WWTW.
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4.11. DISCUSSION

There were noticeable gaps on the data acquisition from the Department of Water (DSW) and
Sanitation. The DWS is scheduled to take samples once every month from these designated points
within the study area. However, the collated data had gaps due to either failure by DWS to collect
samples or their failure to analyse the samples for some months. In some months there were
incomplete sets of data for all the selected sites (stations), which made it difficult to compare
individual stations and wastewater works. The NEMA and NWA encourages continuos monitoring
to ensure the sustainability for the water resource management. It is very difficult in most cases to
make informed decisions and even the determination of the impact based on poor water quality

data.

Although the data received from the DWS had gaps, the available data indicated that the water
from the Mooi River and its tributaries in most instances exceeded critical quality indicators of
water quality, as set by the various national guidelines or standards for a healthy aquatic
ecosystem. From the data analysed, one can conclude that the Mooi River water and its tributaries
were occasionally polluted by poorly treated effluent from WWTWSs that are located in close
proximity to the sampling points on the river were. The high concentration of parameters such as
suspended matter, pH, nitrate, ammonia, COD, total coliform counts and E. coli counts which were

evident downstream of the WWTWSs were an indication of pollution to the water resources.

It should also be considered that there are other activities other than WWTWs discharges that has
the potential to contribute to the overall pollution of the Mooi River system. Agricultural runoff within
the catchment of the Mooi River and its tributaries could be another important contributor to water
guality. Agricultural practices along the Mooi River Catchment contribute towards phosphate loads,
ammonia and high faecal contamination. There are mines along the Loop Spruit and
Wonderfontein Spruit sub-catchments which also contribute salt loads (which in turn is directly

proportional to EC) and also elevated pH concentrations.

A comparison of the results against quality guidelines for different uses (agricultural, domestic
purposes, aquatic ecosystem), including international standards, show that the water quality
downstream of the discharge points occasionally exceeded the limits, which is an environmental
concern along the stretch of the river in terms of its support of a healthy aquatic ecosystem as well
as its general use. The discharges of the WWTWs into the Mooi River system have impacted
negatively by increasing the concentration of nutrients and solids as well as the organic matter
loads. The Flip Human WWTW seems to be the most pollution contributor in the tributary of the

Mooi River.
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A critical and worrying aspect related to encroachment of untreated wastewater is the positive
detection of coliforms in the Mooi River and its tributaries. In some instance and some points on
the rivers, these coliforms were detected in numbers that far exceeded the limits for safe and
general hygienic water. That poses a high heath risk to humans and warm blooded animals who
uses this water. Both the total faecal coliforms and E. coli counts confirm the presence of
pathogenic microorganisms downstream of the discharge points of the WWTWSs, in numbers that
varied from plant to plant.

Coliform contamination of water of the Mooi River had been reported previously in the 2013/14
Green Drop Reports (DWS, 2014b) where complete non-compliance with the microbiological
standards were noted over the years (see Appendix 4). The report pointed to elevated
concentration levels of nutrients (ammonia, and phosphates) and TDS (corroborated by high COD
values) as factors that risk eutrophication of the river system leading to a higher demand for
dissolved oxygen for biological degradation of organic matters (DWS, 2014b). Kokosi WWTW
seemed to pose the least risk to contaminate the water of the Mooi River within this catchment
area although scope for improvement was noted. The Green Drop Report for the Tlokwe City
indicated improved compliance to the microbiological standards though there were few instances
of exceedances to the guidelines and standards when comparing with the data received from DWS
(DWS, 2014b).

Similar studies on the water quality impact from WWTW were undertaken in other parts of South
Africa (Limpopo, Eastern Cape, Durban) and it was discovered that for most parameters the water
and wastewater guidelines and limits have been exceeded, which correspond to what was found in
this study. A study conducted by Gitari et al.(2017) on the physico-chemical appraisal of an effluent

receiving stream (Mvudi River) revealed the following:

o the pH of the river water at the downstream point after discharge ranged between 7 — 7.95.

e The EC of the river water was found to be between 39.4 and 316 mS/m, which is also
evident in the Mooi River catchment where the EC also varied from 41.7 — 117 mS/m
exceeding set guidelines.

e The COD of river water downstream was found to be from 83 to 195 mg/l whereas
upstream point varied between 16 and 30 mg/l.

e The nitrate profile at the downstream point ranged from 0.8 to 23.4 mg/l and the upstream
point varied from 0.63 to 16.27 mg/I.

e The orthophosphate levels at downstream point were from 1.37 to 13.63 mg/l with upstream

point ranging from 0.37 to 3.2 mg/l.
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Another similar study on the assessment of the impact of wastewater discharges on river water

quality in eThekwini (Durban) undertaken by Naidoo (2013a) revealed the following:

e The results showed a difference between the upstream and downstream points in river
water quality where the elevated levels pH at the downstream point is associated with the
discharge of wastewater. The same applied to EC, nitrate, E. coli and faecal coliforms
where there were high levels noted at downstream points compared to upstream.

There was another investigation of faecal pollution and occurrence of antibiotic resistant bacteria in

the Mooi River System done by Bezuidenhout (2013) where the following was discovered:

e Indications are that cumulative inputs from several sources were the main cause of the
elevated bacteria indicators at both upstream and especially downstream localities. This
then serves as confirmation of the presence of faecal pollution within the Mooi River

catchment.

Another study by Morrison et al. (2001), an assessment of the impact of point source pollution from
the Keiskammahoek Sewage Treatment Plant on the Keiskamma River, studied the pH, EC,
oxygen-demanding substance (COD) and nutrients. This study found the following:

e The pH results were found to be within the SA guidelines.

e This limit was not exceeded in the river water samples and the parameter does not give
cause for concern, but the effluent discharge doubled the electrical conductivity in the river
(compared to values at the reference site), which indicates a large impact.

e The COD values were high indicating the inability of the WWTW to remove chemical
oxygen-demanding substances in the incoming effluent. The results for COD in the river
water were varied between 32.0 mg/l and 74.0 mg/l.

o Nitrate values varied on different samples, but 87% of the sampling period the guidelines
were met.

e Orthophosphate levels downstream of the dam (discharge point) were exceeded in most
occasions.

e Ammonium concentrations were lower at the upstream site compared to the downstream
site with concentrations exceeding the old South African guideline for wastewater discharge
for ammonia in effluent was 1.5 mg/l at pH > 8.5 (Government Gazette, 1984) and the

TWQR for domestic use with a limit of 1.
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The Wonderfonteinspruit is the first major source of pollution in the Mooi River catchment as a
results of the impact from the mines in the West Rand area, after the Wonderfonteinspruit joins the
Loop Spruit then Mooi River. The impact of agricultural activity is clearly evident with higher
concentrations of water quality variables measured than at Boskop Dam. Potchefstroom had the
largest contribution of pollution to the Mooi River with several sources of pollution entering the
Mooi River. Very high concentrations of measured water quality variables, especially phosphates,
nitrate, EC and sulphates indicating pollution and impact (Pelser, 2015).
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CHAPTER 5: CONCLUSION AND RECOMMENDATIONS

5.1. CONCLUSION

The aim of the study was to determine the possible negative impact of pollution as a result of
sewage treatment plants discharging into the Mooi River catchment. The study seeked to assess
the trends in the concentrations of selected chemical parameters, physico-chemical and
microbiological water quality indicators as a result of direct discharge of treated wastewater into the
Mooi River and also into its tributaries. The study further compares the values of these water
guality indicators against set National and other International regulatory standards so as to
determine the potential risk of direct discharge of treated wastewater into Mooi River and its
tributaries. Lastly, the study seeked to determine the pollution impact and change in water quality
from 2015 to 2018 at a single historical water quality monitoring station of the Mooi River

catchment.

The concentration and or values of some of the selected water quality indicators for water sampled
from Loop Spruit, Wonderfontein Spruit and Mooi Rivers at points downstream of the respective
WWTWs namely, Kokosi, Flip Human and Potchefstroom were measured by DWS between July
2015 to January 2018. Though the discharge is regulated, it does affect the sustainability of the
aquatic ecosystems along the three rivers as well as posing a potential health risk to users,
livestock and wildlife. The collated DWS data was checked against the relevant guidelines and set
out quality standards namely:

e Water Use Licence — authorised discharge for each WWTWs

e General Limit for wastewater discharges

e South African Water Quality Guidelines (Domestic and Agricultural Use)

e RQOs for the Upper Vaal

e International water and wastewater standards (EPA and WEPA)

Data revealed instances when the concentrations of the physical, biochemical and microbiological
quality indicators (highest averages were suspended solids (191 mg/l), electrical conductivity
(100.7 mS/m), nitrates (6.3 mg/l), ammonia (1.88 mg/l), phosphate (2.66 mg/l), chemical oxygen
demand (332.8 mg/l), total faecal (69 211 cfu/200mL) and E. coli (55 738 cfu/100mL) counts) in the
water of the Mooi River and its two tributaries were significantly higher than those expected for
natural surface water. Comparative analysis of the data at the sampling points downstream and
upstream of the discharge points into the rivers suggested there were occasions where WWTWSs

discharged treated wastewater which was of poor quality into the rivers, leading to the increase in
85




the concentration and values of the water quality indicators. It is possible that on these occasions,
the quality of the treated wastewater from the WWTWSs were non-compliant with the wastewater
guidelines and Water Use Licence for authorised discharge. This could arise if there was
incidences of lapses and failures to adhere to the protocols for process quality control of the water
treatment process at the WWTWSs. Thus, these results indicate that discharging treated water from
the WWTWs deteriorated significantly the quality of water of the Mooi River and its tributaries.
More worrying was the high level of the bacteriological quality parameter (total coliform faecal
count and E. coli count) of the receiving rivers. This is because this parameter indicates prevalence
of potential pathogens that cause various forms of diseases such as diarrhoea.The Mooi River
system has high levels of organic pollution with a high faecal pollution load. The faecal pollution

needs intervention as it renders water unfit for any use.

The Mooi River system is mostly used for irrigation and for drinking purposes. The average pH
measured for the Mooi River system (dowstream of all WWTWSs) is 7.9. This falls within the target
water quality guidelines set out in the South African Water Quality Guidelines for agricultural
purposes but exceeds the one for drinking purposes and it does not present major problems. Other
variables measured during this study that might have an effect on crop irrigation is; electrical
conductivity and nitrates. The SS was within the TQWR for adricultural purposes thus indicating no

impact on the irrigation activities.

Statistical procedures were useful for environmental data to determine whether monitoring sites
were contaminated or not and also used to compare the monitoring points’ quality. In this study
both the univariate (student t-test) and multivariate (PCA) analysis were used to determine water
guality of two monitoring points. These analyses indicated that there were significant differences
between the upstream and downstream water quality for the following parameters and sites; EC at
Kokosi and Potchefstroom, nitrates at Flip Human, ammonia at Kokosi, Flip Human and
Potchefstroom, orthophosphate at Flip Human and E. coli at Kokosi. The PCA also indicated a
cumulative increase in pH and EC downstream in the Mooi River, thereby pointing at cumulative
potential effects on the aquatic ecosystem in the Mooi River. The LMM indicated some significant
influences of sampling site and sampling year were present. This potentially relates to changes in
rainfall, flows and general climate as having an influence on the water quality of the Mooi River as

well as an impact on the potential quality of discharges from the WWTW.

Some of the key parameters in the receiving river water exceeded the set limits and the licence
target limits for discharging treated wastewater. Thus, the hypothesis that the discharge of treated
wastewater from the WWTWSs into the Mooi River and its tributaries was not significantly affecting

the quality of the Mooi River was not accepted.
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5.2.

RECOMMENDATIONS

Based on the occasional high values in key quality characteristics of water sampled from Loop

Spruit, Wonderfontein Spruit and Mooi Rivers at points downstream of the WWTWSs, there has

been a decline in water quality of water of these rivers which has potential to reduce its usefulness

as well as pose a health risk to users. This necessitates firm interventions by DWS as well as the

local authorities in the respective sections of the rivers in order to safeguard the aquatic

ecosystems as well as reduce health risks to users of the water.

The following are the recommendations for improving the downstream river water quality of the

Loop Spruit, Wonderfontein Spruit and Mooi Rivers which include:

There is a need to identify the cause of the occasional lapses in the quality of treated water
which is being discharged into the river. The quality of the treated water should be checked
regularly before discharge is made, more so with respect to absence of strong monitoring
data on microbiological indicators. Partially treated wastewater especially of sewerage and
food processing plant origins may contain residual pathogenic microorganisms that could
result in negative health risks when poorly treated and discharged into river systems.

A similar study by Naidoo, 2013a looked at the assessment of the impact of wastewater
treatment plant discharges and other anthropogenic varaibles on river water quality in the
eThekwini Metropolitan area recommended an urgent upgrade of the WWTW discharging
into the rivers to ensure DWS discharge requirements are met. In this studu though no
assessment was done on the WWTWSs themselves, but because of the water quality results
a conclusion a can be drawn that there might be challenges with the treatment process
leading to substandard effluent being discharged. For the Mooi river catchment if the
problem is related to inadequate capacity to handle influent volumes, it is recommended
that the WWTWs should be expanded and upgraded with better treatment technology so
that the WWTWSs meet their authorised discharge limits and consequently improving the
poor water quality of the rivers.

There is also a need for consistent and regular sampling and data collection and monitoring
within the catchment area of the Mooi River by DWS on key parameters related to
assessing the quality of treated wastewater from the WWTWSs. Improve monitoring to pick
up failures from WWTW is recommended. Sampling can be done fortnightly to increase
frequency of detection of non-compliance and thus force the WWTWs to take immediate
corrective actions. The DWS should enforce stringent penalties on municipalities and
Licence holders whose WWTWs fail to meet stipulated standards for discharging treated

wastewater into receiving water bodies.
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Follow up studies should consider chemical analysis of metal ions and persistent organic
pollutants. The sampling should be completed in all the four seasons of the year in order to
ascertain the impact on the levels on rainfall (dilution effects) and runoff on water quality.

Future investigations should not only consider the measurement of concentrations or levels,
but they also look at the determination of loads in order to determine the exact contribution
of the WWTWs to the amount of microbial, nutrients and chemicals nutrients discharged

into the Mooi River catchment.
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APPENDICES

Appendix 1: Water Quality Data obtained from DWS for the period 2015 - 2018

Table i: Water quality data of the selected sites, WWTWs and their upstream points sorted
per parameter

Selected sites
C2H254
C2H246 C2H153 (Upstrea
Parameters Dates (Upstream) | C2H257 (Upstream) C2H237 | m) C2H255
pH May-15 7.9 7.1 7.5 7.1 8
Jun-15 7.5 7.3 7.4 7.7 7.9
Jul-15 7.6 5.9 7.3 7.2 7.8
Apr-16 7.0 8.1 8.1 7.9
May-16 7.3 7.3 8 7.8
Jun-16 7.3 8 7.9 7.7
Jul-16 8.1 8.3 8.4 8
Aug-16 8.2 7.9 8.4 7.7
Sep-16 7.8 6.7 8.1 7.8
Oct-16 7.9 7 8.3 8.1
Nov-16 7 7.6
Dec-16 7.7 8.1
Jan-17 7.0 7.5 7.6 7.8
Feb-17 7.8 7.7 7.8 7.8 7.8
Jun-17 7.7 7.4 8.3 7.6 8.2 8.2
Jul-17 7.9 7.7 8.0 7.5 8.3 8.1
Aug-17 7.0 7.2 8.1 7.7
Sep-17 7.1 7.5 7.0 7.5 8.4 7.9
Oct-17 7.7 7.7 8.2 8.3
Nov-17 7.8 7.6 7.7 8 8.3 8.9
Dec-17 7.3 7.8 6.9 7.7 7.6 7.8
Jan-18 7.4 7.7 7.7 8 7.8
Feb-18 7.1 7 7.6 7.4
Mar-18 7.8 7.8 8.1 8
[ e e
Conductivity May-15 106.8 104.8 105.1
Jun-15 89.0 68.4 79.3 93.4 106.4
Jul-15 89.7 55.3 72.8 102.2 108.9
Apr-16 86.6 49.1 78.8 98.5
May-16 69.7 50.8 73.3 89.6
Jun-16 57.8 48.8 64.3 69.4
Jul-16 58.5 44.6 60.9 79.7
Aug-16 717 49.3 64.8 85
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Nitrates

Faecal coliforms

Sep-16 61.6 90.6 117
Oct-16 93.0 45.2 86.5 111.2
Nov-16 94.0 42.8 111
Dec-16 61.3 116
Jan-17 89.5 51.2 717 94.1
Feb-17 75.8 41.7 70.7 594 91.7
Jun-17 72.0 51.5 80.7 79.3 59.1 92.9
Jul-17 45.9 58.4 92.3 69 73.1 98.8
Aug-17 374 54.6 72.3 100
Sep-17 41.2 63.1 711 81.3 86 112
Oct-17 41.4 51.9 81.1 113
Nov-17 33.4 49.9 45.3 81.1 72.9 102
Dec-17 39.0 44.7 61.8 85.2 60.4 99.9
Jan-18 42.0 71.8 65.3 86.7 111
Feb-18 36.9 55.3 81.6 107
Mar-18 108.0 53.8 58.2 97.9
- 1" 1T 7 " ° 1T ‘1 ‘|
May-15 3.4 2.8 0.1 8
Jun-15 6.2 3 4.4 0.1 7.7
Jul-15 5.4 313 8.2 4.8 6.2
Apr-16 0.8 5.8
May-16 18 7
Jun-16 1.4 8.3
Jul-16 14 7.7
Aug-16 3.9 9.6
Sep-16 1.1 3.6
Oct-16 3.2 6.7
Nov-16 3.1 4.2
Dec-16 0.9 4.6
Jan-17 7 6.5
Feb-17 5.8 7.1 4.5
Jun-17 1.7 5.4 0.1 5.6
Jul-17 0.24 6.5 0.1 6.9
Aug-17 1 6.7
Sep-17 1.2 5.3 0.1 7
Oct-17 4.7 7.2
Nov-17 9.8 2.4 0.8 4.5
Dec-17 7.3 1.0 0.9 7.5
Jan-18 0.3 0.1 3.8
Feb-18 7.1 5.3
Mar-18 13 6.9
Apr-16 45.0 350 000 2300 1
May-16 3.0 4200 43 6
Jun-16 25.0 1 41 330
Jul-16 5.0 300 6000 1
Aug-16 1.0 1900 140 3




Ammonia

Sep-16 4.0 240 000 350 19
Oct-16 13.0 1100 2 24
Nov-16 8400 720
Dec-16 17 000 54
Jan-17 33.0 160 5
Feb-17 3.0 300 38 450
Jun-17 51.0 46 690 340 1

Jul-17 39.0 48 | 270 000 270 3
Aug-17 1.0 110 29
Sep-17 1.0 260 1 59 1
Oct-17 1.0 171 7
Nov-17 1.0 620 1 10000 380
Dec-17 64.0 3200 35 000 1820 1
Jan-18 21.0 37000 4800
Feb-18 20.0 600000 32
Mar-18 100.0 7600 1

17717 17 1T 1 /|

May-15 0.0 04 0.003
Jun-15 0.0 0.3 0.005 1 0.002

Jul-15 0.0 0 0.001 0.4 0.002
Apr-16 0.0 4.1 0.003 15
May-16 0.0 0,1 0.003 0.3
Jun-16 0.0 8.9 0.002 0.1

Jul-16 0.0 0.1 0.007 0.3
Aug-16 0.0 5.1 0.007 0.2
Sep-16 0.0 1.6 0.014 3.3
Oct-16 0.0 <0,1 0.006 0.1
Nov-16 2.1 0.1
Dec-16 15 0.2
Jan-17 0.0 0.006 0.009 0.02
Feb-17 0.0 0.002 0.002 0.002 0.08
Jun-17 0.0 0.004 0.015 0.5 0.004 0.2

Jul-17 0.0 0.8 0.003 0.3 0.006 0.04
Aug-17 0.0 0.1 0.004 0.001
Sep-17 0.0 0.4 0.004 0.5 0.006 0.08
Oct-17 0.0 0.002 0.004 0.02
Nov-17 0.0 0.2 0.001 0.8 0.036 0.8
Dec-17 0.0 0.002 0.015 0.6 0.007 0.01
Jan-18 0.0 0.8 0.7 0.062 0.2
Feb-18 0.0 0.02 0.012 0.02
Mar-18 0.0 0.002 0.06 0.003

Orthophosphate

May-15 0.5 0.3 0.01 7 2.9
Jun-15 0.8 0.9 0.045 3.2 0.6
Jul-15 0.6 1 0.01 5.5 0.8
Apr-16 0.6 0.4 2.1
May-16 0.7 4.5 0.6
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COD

Suspended
solids

Jun-16 0.7 2 1.7
Jul-16 1.0 0.2 6
Aug-16 0.8 0.3 2
Sep-16 0.6 9.8 1.7
Oct-16 0.7 <0,20 0.7
Nov-16 8.1 0.44
Dec-16 8 1.4
Jan-17 0.8 7.1 1.9
Feb-17 0.7 1.6 0.1 1.9
Jun-17 0.9 0.1 0.1 0.4 0.8
Jul-17 1.3 2.9 0.1 0.9 0.5
Aug-17 1.6 0.1 0.2
Sep-17 1.6 0.1 0.1 1
Oct-17 1.7 0.1 1.1
Nov-17 2.0 3.1 0.1 1.3 1.2
Dec-17 1.7 0.1 0.1 0.3 1.4
Jan-18 2.0 0.1 1
Feb-18 2.0 1.1 2.8
Mar-18 0.5 0.1 0.4
Apr-16 5.0 36 23
May-16 16.0 47 33
Jun-16 5.0 10 17
Jul-16 16.0 70 26
Aug-16 5.0 43 11
Sep-16 5.0 4740 31
Oct-16 17.0 34 25
Nov-16 27 10
Dec-16 51 29
Jan-17 5.0 13 17
Feb-17 5.0 5 5 16
Jun-17 5.0 225 5 97 21
Jul-17 5.0 45 5 1420 30
Aug-17 24.0 210 36
Sep-17 22.0 87 16 149 27
Oct-17 20 5
Nov-17 5.0 31 5 121 5
Dec-17 5.0 5 5 121 5
Jan-18 5.0 41 89 61
Feb-18 5.0 5 5
Mar-18 5.0 14 5

Aﬁr—18

Apr-16 6 6
May-16 5 3
Jun-16 15 9

Jul-16 37 3
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E. coli

Aug-16 19 3
Sep-16 3448 7
Oct-16 8 3
Nov-16 31 4
Dec-16 39 422
Jan-17 12 15
Feb-17 7 1.5 6
Jun-17 101 15 29 5

Jul-17 9 308.0 388 9
Aug-17 149 13
Sep-17 62 4 84 4
Oct-17 6 19
Nov-17 10 1.5 33 15
Dec-17 6 11 48 7
Jan-18 15 51 47
Feb-18 15 14
Mar-18 8 16

! |
Apr-16 45.0 315 000 2300 1
May-16 3.0 3360 43 6
Jun-16 25.0 1 41 330

Jul-16 5.0 300 6000 1
Aug-16 1.0 760 140 3
Sep-16 4.0 144 000 350 6
Oct-16 13.0 1100 2 24
Jan-17 33.0 2790 160 96
Feb-17 3.0 37 600 300 38 4
Jun-17 51.0 52 000 1 690 340 1

Jul-17 39.0 47 000 43 | 243000 270 3
Aug-17 1.0 44 000 110 26
Sep-17 1.0 49 000 260 1 59 1
Oct-17 1.0 200 171 7
Nov-17 1.0 3920 558 1 10000 1
Dec-17 64.0 1890 1600 | 35000 6 400 1
Jan-18 21.0 41 000 37000 1920
Feb-18 20.0 8 000 600000 19
Mar-18 100.0 390 4560 1
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Appendix 2: Available reference or historical data obtained from DWS for the 3 WWTWSs
sorted per parameters for the period 2001 — 2002

Table ii: Reference data used for COD

Sep-01 124 52 75 120
Oct-01 55 75 25 75 120
Nov-01 57.3 54 43 75 120
Dec-01 69.2 28 25 75 120
Jan-02 65 5 75 120
Feb-02 68 42 23 75 120
May-02 55 75 120
Jun-02 60 75 120

Jul-02 70 75 120
Aug-02 27 55 75 120
Nov-02 30 163 75 120

Table iii: Reference data used for EC

Sep-01 77.3 137 65 75 111 70
Oct-01 78.5 127 64 75 111 70
Nov-01 76.5 108 68 75 111 70
Dec-01 73.6 108 62 75 111 70
Jan-02 69.8 59 75 111 70
Feb-02 82.3 109 60 75 111 70
May-02 74.5 127 65 75 111 70
Jun-02 72.1 75 111 70

Jul-02 126 63 75 111 70
Aug-02 71 51 75 111 70
Nov-02 75.5 69 75 111 70
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Table iv: Reference data used for faecal coliforms

Faecal coliforms

SA

Guideline | SA
C2H237 C2H255 S Guidelines
Flip Potchefstroo | C2H257 General (domestic | agriculture
Dates Human m WWTW Kokosi limits ) (irrigation)
Sep-01 2671 1000 0 1
Oct-01 2950 28000 5 1000 0 1
Nov-01 1900 238 1000 0 1
Dec-01 1000 0 1
Jan-02 11100 1000 0 1
Feb-02 84000 38000 25000 1000 0 1
May-02 40 189000 81000 1000 0 1
Jun-02 228 1000 0 1
Jul-02 1000 0 1
Aug-02 12 1000 0 1
Nov-02 676 1000 0 1
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Appendix 3: Water and Wastewater standards and guidelines

Table v: South African Wastewater limit values applicable to discharge of wastewater into a

water resource

PARAMETER/SUBSTANCE | GENERAL LIMIT SPECIAL LIMIT
Faecal Coliforms (per 100 1000 0

ml)

Chemical Oxygen Demand 75 30
(mg/l)

pH 5.5-9.5 5.5-7.5
Ammonia as Nitrogen (mg/l) | 3 2
Nitrate/Nitrite as Nitrogen 15 15
(mg/l)

Free Chlorine (mg/l) 0.25 0
Suspended Solids (mg/l) 25 10

Electrical Conductivity
(mS/m)

70 mS/m above intake to a max of 150 mS/m

Orthophosphate as P (mg/l) | 10 1
Fluoride (mg/l) 1 1
Soap, oil or grease (mg/l) 2.5 0
Arsenic (mg/l) 0.02 0.01
Cadmium (mg/l) 0.005 0.001
Copper (mg/l) 0.01 0.002
Cyanide (mg/l) 0.02 0.01
Iron (mg/l) 0.3 0.3
Lead (mg/l) 0.01 0.006
Manganese (mg/l) 0.1 0.1
Mercury(mg/l) 0.005 0.001
Selenium (mg/l) 0.02 0.02
Zinc (mg/l) 0.1 0.04
Boron (mg/l) 1 0.5
Chromium (mg/l) 0.05 0.02

Source: National Water Act wastewater discharge standards DWAF, 1999 guidelines
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Table vi: Standards for effluent discharge (National Norms and Standards, 2017)

Determinant Unit General Limit | Special Limit

Faecal Coliforms cfu /200 mL 1000 0

Chemical Oxygen Demand mg /L 75 30

pH 55-95 55-75

Ammonia (as Nitrogen) mg /L 6 2

Nitrate /Nitrite as Nitrogen mg /L 15 15

Chlorine as Free Chlorine mg /L 0.25 0

Suspended Solids mg /L 25 10

Electrical Conductivity mS /m (70 mS/m | (50 mS/m above
above intake) | intake)
Max: 150 | Max: 100 mS /m
mS/m

Ortho- Phosphate as | mg/L 10 1 (min)- 2.5 (max)

phosphorous

Soap, oil or grease mg /L 2.5 0

Table vii: The numerical limits for the RQO variables as listed in the government gazette

39943 for the Upper Vaal

Limit
Variable Units
(GG No. 39943)

Nitrate and Nitrite mg/I < 4
Orthophosphate mg/I < 0.125
Electrical Conductivity mS/m <111
Sulphate mg/| < 500
Magnesium Dissolved mg/| < 33
pH at 25°C pH units >5.8
pH at 25°C pH units < .88
Dissolved manganese mg/| <.31

<0.015
Dissolved uranium mg/I
E. coli cfu /200 mL < 130
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Table viii: South African Water Quality guidelines for agriculture (irrigation) and for

domestic use (DWAF, 1996)

pH

6.5-84

Nitrates

0.5

Ammonia

EC

POy

COD

E. coli

SS

50

Feacal coliforms

1-1000

(DWAF, 1996a, 1996b)
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Appendix 4: Green drop data for the period 2017 to 2018

Table ix: Kokosi data 2017-2018

Works Compliance: Kokosi for Period: January 2018

Category Microbiological Physical Chemical
Determinants E. coli pH EC SS (Uncf:ilct)e?e d) (F?I:tgrz d) NHs | PO4 | NO3
- Not

Limits 0 9 150 25 Measured 75 10 1 15
Units cfu/100ml Bt']its mS/m | mg/l | mg/l mg/I mg/l | mg/l | mg/l
February - 2017 4.0 8.1 54.7 |8.8 36.0 9.6 02 |15
March - 2017 0.0 7.8 62.7 | 0.4 32.0 4.0 0.2 |3.6
April - 2017 0.0 7.1 56.0 |3.2 37.0 10.2 | 0.1 |0.8
May — 2017 0.0 8.6 79.9 |14.8 51.0 21.7 |01 |01
June - 2017 0.0 8.1 72.0 |84 40.0 256 |01 |01
July — 2017 0.0 7.9 62.0 [4.2 38.0 157 |01 |11
August — 2017 0.0 7.2 72.1 | 0.2 31.0 30.7 |03 |01
September - 2017 | 0.0 7.5 67.7 |16.8 28.0 159 | 0.2 |5.1
October — 2017 0.0 7.9 75.1 |1.6 36.0 0.2 0.1 |32
November — 2017 | 0.0 7.6 595 |6.0 30.0 129 |05 |03
December — 2017 | 0.0 7.6 52.7 [1.2 20.0 0.2 10.0 | 0.1
January — 2018 0.0 7.7 715 |4.8 41.0 196 [ 0.3 |0.1
Total Number of
samples per 12 12 12 12 0 12 12 12 12
determinant
Total Number of
compliant samples | 11 12 12 12 0 12 4 11 12
per determinant
% Compliance per | o, 100 |100 |100 |0 100 33 |92 |100
Determinant
% Compliance per | o, 100 |100 |100 |81 81 81 |81 |81
Category
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Table x: Flip Human data 2017 — 2018

Limits 0 0 0 0 0 75 0 0 0
Units cfu/200ml Bl;:its mS/m | mg/l | mg/l mg/l mg/l | mg/l | mgl/l
February - 2017 245600.2 7.4 82.8 |149.8 283.2 282 |17 |01
March - 2017 429900.0 7.6 83.4 |793 225.1 23.1 |09 |0.2
April - 2017 154952.0 7.5 70.5 | 68.6 191.9 244 105 |0.2
May - 2017 16180.0 7.8 84.6 | 46.6 150.8 25.2 |06 |0.2
June - 2017 28540.0 7.9 914 |221.0 3124 241 1 0.7 |01
July - 2017 27561.0 8.0 84.4 |32.2 78.5 289 |05 |03
August - 2017 148.5 8.0 74.4 |49.2 108.8 17.3 |05 |0.2
September - 2017 656.6 8.1 75.4 |89.0 128.0 179 |06 |0.2
October - 2017 257.0 8.0 133.9 | 50.6 71.5 132 |04 |04
November - 2017 19990.8 8.0 118.2 | 77.5 126.3 19.7 |14 |03
December - 2017 8010.0 7.9 74.4 190.0 59.0 229 |05 |04
January - 2018 263.3 7.8 89.7 |95.0 159.3 28.7 | 0.6 |04
Total Number of

samples per 59 96 96 96 0 96 96 96 96
determinant

Total Number of

compliant samples | 14 96 25 7 0 17 4 95 96
per determinant

% Compliance per

Determinant 24 100 |26 7 0 18 4 99 100
% Compliance per |, , 44 |44 |44 |55 55 5 |55 |55
Category
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Table xi: Potchefstroom data 2017-2018

Works Compliance: Potchefstroom for Period: September 2018

Category Microbiological Physical Chemical
. . COD COD

Determinants E. coli pH EC SS (Unfiltered) | (Filtered) NHs | POs | NO3

Limits 0 95 |170 |25 |75 Not 10 |3 |3
Measured

Units cfu/100ml Bt'\its mS/m | mg/l | mg/l mg/I mg/l | mg/l | mg/l
October - 2017
November - 2017 9.1 7.8 1025 | 5.2 |21.2 18 (1.2 |21
December - 2017 37.8 7.8 995 |[8.0 |25.3 11 |25 |29
January - 2018 15.4 7.7 974 |83 |25.3 16 (25 |28
February - 2018 21.6 7.8 96.4 |58 | 253 09 (24 |26
March - 2018 15.2 8.0 91.8 |64 | 127 11 |14 |28
April - 2018 29.9 7.6 90.0 |57 |114 06 (1.1 |28
May - 2018 12.8 7.5 935 (49 |21.9 19 |08 |15
June - 2018 7.3 7.5 90.8 [3.6 |24.9 15 |1.0 |35
Total Number of
samples per 276 276 | 276 276 | 276 0 276 | 276 | 276
determinant
Total Number of
compliant samples | 96 276 | 276 276 | 276 0 276 | 242 | 197
per determinant
5 -
/6 Compliance per | 5o 100 |100 | 100 | 100 0 100 |88 |71
Determinant
% Compliance per
Category 35 100 | 100 100 | 90 90 90 90 90
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