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Cholera: a disease caused by Vibrio bacteria, spread through polluted water containing faeces, 
causing diarrhea and vomiting. 

Coagulation: dosing of chemicals followed by rapid mixing to destabilise suspended particles to 
allow aggregation. 

Coliforms: gram negative, lactose fermenting enteric, rod shaped bacteria such as Escherichia 
coli, used as indicator species/organisms of faecal pollution. 

Coliphages: these are viruses that infect bacteria/organisms such as Escherichia coli. 

Comparative analysis: type of analysis which focus on similarities and differences between 
data e.g. comparing sample results with existing results, comparing study with previous literature 
and case studies, comparing types of systems etc.  

Concentration of coliforms: amount of coliform bacteria present in samples. 

Conductivity: measures ability of water to conduct electric current and is directly related to total 
dissolved solids/ions in water/waste water.  

Cryptosporidium: protozoan parasite in the intestines of vertebrates causing diarrhea.  

Denitrification : formation of gaseous nitrogen from nitrate or nitrite by microorganisms. 

Dissolved oxygen (DO): oxygen in a gaseous form that is dissolved in water, it is important for 
all aquatic organisms to breathe as well as for certain microorganisms that require oxygen to live.  

Domestic waste water: consists of 90% waste water by volume that arises from domestic and 
commercial activities and premises and may contain sewage. Also includes household waste 
from washing, bathing and toilets.  

Dysentery:  infectious disease, inflammation of lower bowels, cause diarrhea. 

Ecosystem: a self sustaining and functional system of organisms in their natural 
community/environment. 

Effluent:  human excreta, domestic sludge, domestic waste water, grey water or waste water 
resulting from commercial use and that are discharged after treatment processes. 

Escherichia coli: is a bacterium that produces toxins causing diarrhea. Transmission occurs 
through faecally contaminated food and water. Is also used as indicator organisms of faecal 
pollution.  

Eutrophication : increase in concentration of elements required for life. Increased nutrient loads 
may lead to population explosion of algae and bacteria that form a dense, opaque layer 
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Secondary treatment: aerobic biological treatment with micro-organisms, removes organic 
matter and nutrients, usually second step in treatment processes.                        

Sediment/sedimentation: the settling out of solid particles from a liquid such as water/waste 
water.  

Settling: waste water remains stagnant to allow larger particles to settle uot of suspension to 
bottom of tank. 

Sewage effluent: liquid discharge from sewage treatment plants after going through a series of 
treatment processes. 

Surface water: water on surface of earth e.g. streams, rivers, dams etc.  

Suspended solids: solid material/molecules in a liquid or water that does not dissolve in water 
and can be captured on a filter.  

Tertiary treatment : disinfection process to produce high quality effluent, usually third step in 
treatment processes and is used to destroy disease causing bacteria. 

Turbidity : measure of light scattering ability of water, indicates concentration of suspended 
matter. 

Typhoid: systemic infection caused by Salmonella, cause fever, weakness, abdominal pain.            

Urbanization: condition of being urbanized, a social process whereby cities grow and societies 
become more urban.  

Virus: microscopic particles of protein and nucleic acid, unable to replicate or adapt outside of 
living host and able to cause diseases.  

Waste water: liquid waste produced by human activities. 

Waste water treatment systems: these are specifically designed plants/structures/systems build 
to treat raw sewage/waste water through primary, secondary and tertiary treatment processes.  

Waterborne disease: disease causing pathogens that are transmitted via a water source and 
cause infections in the human body. 

Water quality : this includes the chemical, physical and biological characteristics and indicates 
the level of purity/safety of water. It indicates the value of usefulness/suitability for intended use 
of water. 
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Water quality variables/parameters: these are individual constituents of a given sample of 
water/effluent such as temperature, pH etc, that can vary in concentration/magnitude and thus 
have an effect on the water/effluent quality.  

Water resources: water reserves, such as groundwater, surface water or borehole water that can 
be used for daily activities or to sustain life.  
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of the environment and its ecosystems (Slabbert and Venter, 1999). According to Morrison et al. 
(2001), sewage effluent that is discharged into the environment, is a major source of water 
pollution and this problem only increases with small, simple and sometimes not efficient 
working waste water treatment systems.  

The following diagram illustrates the different aspects which the literature review for this 
research study entails: 

 

Figure 1.1: Diagram illustrating the contents of the literature review 
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Figure 2.1Various stages used in large scale conventional treatment systems (Department of Water Affairs and Forestry, 2002). 
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1) Preliminary treatment 

During this first stage screens, as in Figure 2.2, are used to remove large solids and grit. Silt is 
also removed in grit channels9 as can be seen in Figure 2.3.  

 

Figure 2.2: Manual operated inlet screen used to remove large solids and grit (Department of 
Water Affairs and Forestry, 2002). 

 

Figure 2.3 Grit channels used to remove silt (Department of Water Affairs and Forestry, 2002). 

                                                             
9 http://www.ewisa.co.za/misc/DomWWater/default.htm; http://www.sawater.com.au/SAWater/Education 

http://www.ewisa.co.za/misc/DomWWater/default.htm
http://www.sawater.com.au/SAWater/Education
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2) Primary treatment 

Waste is passed through a sedimentation/settling tank, as can be seen in Figure 2.4, to remove 
organic solids through settling.  

 

Figure 2.4 Settling or sedimentation tank where organic solids settle out of solution10  

3) Secondary treatment 

At this stage dissolved and suspended organic material is broken down by naturally occurring 
microorganisms and is called the activated sludge process11  (Fig. 2.5). 

 

Figure 2.5: The activated sludge process where suspended organic material is broken down by 
microorganisms (Department of Water Affairs and Forestry, 2002). 
                                                             
10 http://www.ci.camarillo.ca.us/main.aspx?q=6083&p=10047  
11 http://www.ewisa.co.za/misc/DomWWater/default.htm; http://www.sawater.com.au/SAWater/Education 

http://www.ci.camarillo.ca.us/main.aspx?q=6083&p=10047
http://www.ewisa.co.za/misc/DomWWater/default.htm
http://www.sawater.com.au/SAWater/Education
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From there it passes to biological filtration tanks (Fig. 2.6) to oxidize carbon and ammonia 
nitrogen and aeration tanks (Fig. 2.7) where oxygen is provided to mix and promote 
microorganism growth.  

 

Figure 2.6: Biological filtration tank where oxidation of carbon and ammonia takes place 
(Department of Water Affairs and Forestry, 2002). 

 

Figure 2.7: Aeration tanks where oxygen is introduced to promote microorganism growth 
(Department of Water Affairs and Forestry, 2002). 

The waste water then enters the clarifier tanks where the biomass settles out and forms sludge. 
The sludge is then pumped to the anaerobic digesters for further treatment. The clarified liquid 
goes for tertiary treatment12.  

                                                             
12 http://www.ewisa.co.za/misc/DomWWater/default.htm; http://www.sawater.com.au/SAWater/Education 

http://www.ewisa.co.za/misc/DomWWater/default.htm
http://www.sawater.com.au/SAWater/Education
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4) Tertiary treatment 

Waste water is disinfected to reduce disease causing pathogens. Disinfection is done through the 
use of chlorine, ultraviolet ponds and micro-filtration and biological detention ponds13 as can be 
seen from Figures 2.8 and 2.9:  

 

Figure 2.8: Chlorine contact tank used for disinfection of waste water (Department of Water 
Affairs and Forestry, 2002). 

 

Figure 2.9: Ultraviolet and detention ponds also used for disinfection of waste water (Department 
of Water Affairs and Forestry, 2002). 

                                                             
13 http://www.ewisa.co.za/misc/DomWWater/default.htm; http://www.sawater.com.au/SAWater/Education 

http://www.ewisa.co.za/misc/DomWWater/default.htm
http://www.sawater.com.au/SAWater/Education
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5) Sludge treatment 

Sludge treatment is done with the help of anaerobic microorganisms in sludge digester tanks as 
can be seen from Figure 2.10. The liquid portion is pumped back into the aeration tanks for 
further treatment and the final effluent is discharged into rivers or the ocean. The solids 
remaining are dried in drying beds (Fig. 2.11) and used as fertilizer14.  

 

Figure 2.10: Anaerobic sludge digester tank that makes use of anaerobic microorganisms to 
break down the sludge (Department of Water Affairs and Forestry, 2002). 

 

Figure 2.11: Sludge drying bed where the remaining solids are dried (Department of Water 
Affairs and Forestry, 2002). 

                                                             
14 http://www.ewisa.co.za/misc/DomWWater/default.htm; http://www.sawater.com.au/SAWater/Education 

http://www.ewisa.co.za/misc/DomWWater/default.htm
http://www.sawater.com.au/SAWater/Education
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2.2.5.2 Small scale systems (Package plants) 

Many people are not able to connect to large conventional municipal sewage systems due to lack 
of infrastructure and development, poor soil structure, geology or high water tables. With 
increasing rural and suburban development more people have become interested in small waste 
water treatment works. There are various differences between small and large scale treatment 
systems such as quality and quantity. Small systems have low investment and maintenance costs, 
they operate quietly, have reduced odours, simple operation, long durability and effluent can be 
discharged into streams (Hanna et al., 1995; Gasparikova et al., 2005). 

In the past small communities used low technology approaches to treat waste water which 
included only septic tanks, stabilization ponds and filtration and often these methods did not 
comply with the required standards. However, in recent years, package plants have increased in 
number and made some improvements with new technologies. The difference between large 
scale conventional treatment works and package plants are the fact that package plants are on-
site systems with a discharge less than 2000m³/day, they can be build/installed at low cost, can 
be used to treat waste of small communities, are easy to transport and install (Hulsman and 
Swartz, 1993; Gaydon et al., 2007). 

There are three groups/technologies used for package plants: 

 Those that uses anaerobic processes 

 Those that uses aerobic processes 

 Those that make use of both anaerobic and aerobic processes. 

These systems consists of septic tanks, stabilization ponds, biological filtration, emergent 
hydrophyte systems, artificially aerated ponds, trickling filters, rotating biological contactors and 
activated sludge systems. A comparison between these three groups/technologies is shown in 
Table 2.2. 

Table 2.2: Comparisons between various package plant systems (Hanna et al., 1995; 
Gasparikova et al., 2005; Ra et al., 2007; Odjadjare et al., 2010). 

Anaerobic systems Aerobic systems 
Combined anaerobic 
and aerobic systems 

Activated sludge 

Low energy 
consumption 

High energy 
consumption 

Low energy 
consumption 
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Table 2.2: Comparisons between various package plant systems continued  

Anaerobic systems Aerobic systems Combined anaerobic 
and aerobic systems 

Activated sludge 

Simple construction Complex construction 
with poor operation and 

maintenance failures 

Complex construction Needs skilled 
construction, 

operation and requires 
monitoring and 
maintenance 

Low sludge 
production 

 

High sludge production 

 

Low sludge 
production with short 

detention time 

 

Minimal nutrient 
removal 

Very good nutrient 
removal but 

inconsistent and overall 
poor effluent quality 

High nutrient removal 
with biogas 
production 

High removal (95% 
BOD, 90% SS) and 
good effluent quality 

but ineffective in 
removal of Listeria 

 

There are three technologies available for use in South Africa and include: 

 Activated sludge systems with extended aeration or sequencing batch reactors. 

 Submerged biological contactors. 

 Rotating biological contactors (Gaydon et al., 2007). 

The activated sludge systems usually consists of a septic tank, aeration tank, clarifier tank and a 
disinfection tank as can be seen from Figure 2.12 (Laas and Botha, 2004; Damafakir et al., 
2009).    

With the submerged biological contactor system (Fig. 2.13), plastic media are used that acts as 
substrate for microorganism growth. This system consists of a septic tank, biological contactor 
tank with media and air blowers, cone shaped clarifier tank and a disinfection tank (Laas and 
Botha, 2004; Damafakir et al., 2009).    
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Figure 2.12: Activated sludge system (Damafakir et al., 2009).    

 

 

 

 

 

 

 

 

 

 

Figure 2.13: Submerged biological contactor system (Damafakir et al., 2009).    

The rotating biological contactor system consists of a series of rotating discs placed on a 
horizontal shaft (Fig. 2.14). This provides the aeration and approximately 40% of the disc area 
must be submerged in the waste water. The system also contains a humus tank where the solids 
and liquids are separated through sedimentation and is then passed to the disinfection tank (Laas 
and Botha, 2004; Damafakir et al., 2009).   
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 training and education to ensure skilled operation and maintenance 

 the use of effective flow equalization measures 

 ensure efficient screening of waste water and installation of fat traps  

 installation of warning alarms for system failures 

 the use of sand filters to improve effluent quality 

 improve and ensure efficient aeration 

 increasing de-sludge/cleaning frequencies and maintenance 

 insure efficient sludge retention times 

 perform frequent, detailed sampling and analysis of effluent (Gaydon et al., 2007). 

Various claims have been made by distributors/manufacturers with regards to package plant 
treatment systems. However, the following can be said: the effluent produced is not clean 
water but a potential pollutant and these systems do require maintenance and repair15.  

It can thus be concluded that proper maintenance and skilled operation is required to sustain a 
well functioning package plant. All of these factors should be considered when choosing the type 
of package plant as well as cost, electrical supply and backup and topography. All these will 
have an impact on the proper function and operation of a package plant (Schölzel and Bower, 
1999). 

2.2.7 The submerged biological contactor system 

The package plant that was chosen for this research project is based on the same principal as a 
submerged biological contactor system. According to the suppliers these systems: 

 were first launched in 1996 

 typically consists of septic tanks, submerged bio reactor with AWW MARK 2 fixed 
growth media and aeration, clarifier tank to extract excess solids and disinfection with 
chlorine 

 are easy to install and operate 

 are very cost effective 

                                                             
15 http://extension.missouri.edu/publications/DisplayPub.aspx?P=WQ403 

http://extension.missouri.edu/publications/DisplayPub.aspx?P=WQ403


http://www.dwaf.gov.za/
http://www.dwaf.gov.za/
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The system chosen for this research project (Fig. 2.15) is based approximately on the same 
concept as the submerged biological contactor system shown in Figure 2.14.  

 

Figure 2.15: The domestic sewage treatment system at the research site 

The system consists of 12 tanks altogether above ground, as well as two underground septic 
tanks, thus a total of 14 tanks (Fig. 2.16).  
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Figure 2:16: Diagram of selected package plant for research project. 

The first four tanks are the septic tanks, from there the wastewater flows over to the equalisation 
tank and then it is pumped to the bioreactor tank that contains the plastic floating filters (Fig. 
2.17).  
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Figure 2.17: Plastic filter media randomly packed in bioreactor tanks 

The waste water then gravitates to another equalisation tank and is again pumped to yet another 
bioreactor tank. These bioreactor tanks both have two sets of blowers that are responsible for 
pumping air into the bottom of the bio-tanks. The sewage then goes to the clarifier tanks (there 
are two) which are cone shaped. The solids then settle out in the bottom of the cone and are then 
pumped back into the system.  

The remaining liquid/effluent then goes to the disinfection tanks (also two of them) where it is 
treated with Brilliant Stabilised Chlorine Tablets with the active ingredient: Trichloroisocyanuric 
Acid 990g/kg. The entire system takes up land space of approximately 14.6m x 6.6m. It takes 28 
days for the waste water to pass through the complete system and the effluent output is ±1000 
litres per hour (personal communication: Plant operator18, August 27, 2010).  

2.2.7.1 Fat traps 

The specific package plant described and studied for this research project also includes a fat trap 
(Fig. 2.18). 

                                                             
18 Due to confidentiality agreement the name of the source could not be disclosed. 
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Table 2.3: Pathogens in waste water continued  

Pathogen Disease Source 

Enteric viruses Poliovirus Poliomyelitis Human and animal 
faeces 

Rotavirus Gastroenteritis 

Adenovirus Gastrointestinal and 
respiratory illness 

Hepatitis A virus Hepatitis 

Protozoan Giardia lamblia Giardiasis 

Cryptosporidium 
parvum 

Cryptosporidiosis 

 

Various pathogens can be transmitted via faecal polluted water. Indicator organisms are used to 
monitor the potential presence of these disease causing pathogens. The recommended indicators 
include: total coliforms, faecal coliforms, Escherichia coli, enterococci (faecal streptococci) and 
bacteriophages (Department of Water Affairs, 1996b). Paul et al. (1995) also indicated that 
faecal coliform, Clostridium and enterococci are very good indicators of faecal contamination.   

Escherichia coli (E. coli) are used globally as warning of possible contamination with pathogens 
and, thus, as indicators of water quality deterioration (Department of Water Affairs, 1996b).  
Indicator organisms themselves do not pose a threat and are fairly easy to assay. They are, thus, 
chosen because they indicate that more serious pathogens are likely to be present (GeoCities, 
1997). Due to the fact that coliform bacteria are abundant in the faeces/excreta of warm blooded 
animals they are commonly used as indicators of the sanitary quality of water bodies because 
their presence indicates or confirms faecal contamination.  

In South Africa, many cases of diarrheal diseases are reported and treated each year and are one 
of the leading causes of death among young children (Steynberg et al., 2008).  E. coli are, thus, 
used as an index to rate the purity of the water. Coliform bacteria are rod shaped Gram negative, 
lactose fermenters and produce acid gas when incubated at 35-37° C. They are easy to culture, 
show growth and colour reactions on certain types of culture media and tests are cheap, reliable 
and rapid.   

E. coli is almost exclusively of faecal origin and its presence is an effective confirmation of 
faecal contamination and the presence of other waterborne pathogens. The World Health 
Organization (WHO) guidelines also state that indicator bacteria (Table 2.4) such as E. coli 
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provide conclusive evidence of faecal pollution (Campbell, 2001; Morrison et al., 2004; Robins-
Browne, 2007).  

Table 2.4: Indicators, genera and the pathogens they indicate (Department of Water Affairs, 
1996a). 

Indicator  Genera Pathogens Diseases caused by 
pathogens 

Total coliforms 

 

E. coli, Citrobacter, 
Enterobacter, 

Klebsiella, Serratia, 
Rahnella 

 
Salmonella, Shigella, 

Vibrio cholera, 
Campylobacter jejuni, 

Yersinia 

Gastroenteritis, 
Salmonellosis, 

Dysentery, Cholera, 
Typhoid fever. 

Faecal coliforms 

 

E. coli, Klebsiella, 
Enterobacter, 
Citrobacter 

 

 

Many primary and secondary treatment options used in package plants do not destroy all the 
viruses and parasites due to the fact that they are resistant to purification processes such as 
chlorination. Cysts of parasites are heavy and thus, reach the final effluent easier. These cysts 
and eggs then reach the environment through discharge of the effluent where they remain 
infective for many years because they are very resistant to environmental stress and extreme 
conditions. Only one Giardia cyst is sufficient to cause infection. Thus, there is no guarantee that 
viruses or parasites will be completely destroyed during treatment processes and the fact that 
only occasional monitoring of viruses and very few monitoring of parasites are being done is 
cause for great concern (England, 1972; Hays 1977; Kfir et al., 1995; Department of Water 
Affairs, 1996a). 

Bacteria, viruses and parasites limit the use of natural water sources and pose a serious human 
health risk (Table 2.5). Once these pathogens are introduced into a community, it can be 
transmitted from person-to-person. Untreated or inadequately treated sewage effluent can thus be 
harmful to the environment and humans (Muller et al., 2003; Kistemann et al., 2008).  
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Table 2.5: Viruses and parasites of concern in waste water (Department of Water Affairs, 
1996a). 

Virus/ Parasites Types Disease 

Enteric viruses Enterovirus, Adenovirus, Reovirus, 
Rotavirus, Hepatitis virus, Calcivirus, 

Astrovirus 

Paralysis, meningitis, 
hepatitis, respiratory illness 
and diarrhoea, pneumonia, 

gastroenteritis 

Protozoan parasites Giardia lamblia, Cryptosporidium 
parvum 

Gastroenteritis, diarrhoea, 
vomiting, anorexia 

 

2.3.4.4 Package plant treatment chemicals 

Chlorine is used as a disinfectant chemical in waste water treatment plants. The process is known 
as chlorination and involves the treating of water or sewage with chlorine. This traditional 
method is used globally and is relatively inexpensive (Atlas, 1997; Williams et al., 2003; Freese 
and Nozaic, 2004). The use of this disinfectant chemical has helped save many lives by 
preventing diseases such as cholera, typhoid, dysentery and other water borne diseases. Chlorine 
is very potent, easy to use and to measure the dose, very cost effective and shows good residual 
effect (Freese and Nozaic, 2004). It is used in three forms: gaseous, liquid and solid form 
depending on the size of the treatment plant and their economic state (Voortman and Reddy, 
1997; Freese and Nozaic, 2004).  

According to Williams et al. (2003), little research has been done on the effects of chlorine on 
the environment. It was discovered in 1970, that chlorinated compounds are formed during the 
chlorination process, and that these compounds can have possible effects on environmental and 
human health. These chemical by-products known as THMs (trihalomethanes), are highly toxic, 
carcinogens, accumulate in the food chain, leads to destruction of proteins and sexual 
reproduction problems (Hays, 1976; Atlas, 1997; Wright and Welbourn, 2002; Freese and 
Nozaic, 2004; Botkin and Keller, 2005). There was discontinuation of chlorination practices in 
1990 in Germany after it became known that chlorine had a toxic effect on the environment and 
humans (Kistemann et al., 2008). However, according to a study done by Freese and Nozaic 
(2004), on the effects of chlorine on the environment, there is no conclusive prove that THMs 
cause health problems when ingested via treated water sources.  

Various other alternatives to chlorine have been suggested and used such as, iodine, ozone, 
hydrogen peroxide, silver, ultraviolet, paracetic acid and bromine. Some of these chemicals 
prove to be very effective in treating sewage, but they also have a few disadvantages. High 
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concentrations of iodine can lead to thyroid problems (Guyton and Hall, 2000; Wright and 
Welbourn, 2002). Ozone is very expensive to use, has no residual activity and thus re-growth 
occurs, affects the respiratory system and does not remove all bacteria (Atlas, 1997; Freese and 
Nozaic, 2004; Botkin and Keller, 2005). Silver accumulates in biota and sediments, causing low 
productivity, altered reproduction and death of organisms (Wright and Welbourn, 2002). UV is 
costly and re-growth occurs. Paracetic acid does not kill parasites and bromine has a strong 
medicinal taste and does not kill all bacteria (Freese and Nozaic, 2004). Chemicals used in 
package plants may be very effective in treating sewage but the effects of these treatment 
chemicals on the environment and human health should be considered before it is released into 
the ecosystem or river catchments. 

2.3.5 Summary 

This section provided a literature review on various studies that was done, globally as well as in 
South Africa. These studies provided conclusions on the quality of effluent produced by various 
types of package plants and treatment systems as well as the important role that monitoring and 
maintenance of these waste water treatment systems play. The various pollutants that may be 
found in the effluent produced by certain treatment systems was also discussed as well as the 
effect that these pollutants have on the environment and humans and this only re-enforces the 
need for constant monitoring of not only the sewage effluent but also the surrounding aquatic 
environment receiving these discharged effluents to ensure that treatment systems adhere to 
guidelines and legislation and that effluent quality comply with standards.   

2.4 Legislation and Standards 

2.4.1 Water quality guidelines 

Water quality guidelines as defined by the Department of Water Affairs and Forestry and the 
Water Research Commission (1995), are provided for water quality constituents and include 
quality criteria and target ranges that are used to assess the fitness of water for its intended use as 
well as treatment options. Requirements for treatment of domestic sewage effluents must adhere 
to either the General or the Special standards of wastewater quality standards. General limits are 
generally used unless wastewater is being discharged into sensitive areas such as dolomite or 
protected areas. In these cases the special limits apply (Government Gazette No 991, 1984).  The 
standards applicable for discharge of waste water are listed in comparison Table 2.9 appearing 
later in this chapter. 

According to Damafakir et al. (2009) and Gaydon et al. (2007), the current legislation in South 
Africa is not adequate enough to deal with package plants. The only current legislation relevant 
to package plants or more generally domestic waste water discharge include: 

 National Environmental Management Act (Act 107 of 1998). 



42 

 

 National Water Act (Act 36 of 1998).  

 Water Services Act (Act 108 of 1997). 

 Local Government: Municipal Structures Act (Act 117 of 1998).  

However, these legislative frameworks only provide general authorizations for discharging into 
rivers and do not state compliance levels of package plants. There is thus a need for a single set 
of regulations and discharge standards that are specific to package plants (Gaydon et al., 2007).   

Damafakir et al. (2009) lists proposed legislative requirements (Table 2.6) for package plants in 
a four step process. 

Table 2.6: Legislative requirements for package plants (Damafakir et al., 2009). 

Step One Inform municipality of intent to install plant. 

Step Two Do Environmental Impact Assessment. 

Step Three 
Water Use Authorisation or Water Use License 

application. 

Step Four Audit done by Department of Water Affairs. 

 

According to Damafakir et al. (2009) the minimum requirements that package plant owners 
should adhere to when applying for permission include: 

 Providing of motivation for use. 

 Provide exact location of installation. 

 Provide information on the development type, package plant type and its flow 
characteristics. 

 Catchment water quality objectives. 

 Information on how effluent and sludge will be disposed of and type of disinfection 
methods.  

 Installation must adhere to package plant specifications and building regulations. 

 Provide copy of contract with supplier. 

 Provide copy of operation and maintenance contract and employ a qualified operator. 
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This application must include details of the developer/engineer/manufacturer, information of the 
property/area/position of installation, package plant size, type, quantity, point of discharge and 
an environmental assessment report (eThekwini Municipality, 2005).  

2.4.4 Bylaws in South Africa 

2.4.4.1 East Rand municipality 

The Ekurhuleni Metropolitan Municipality Public Health by-laws also seem to make provision 
for privately owned sewage works but do not specify size or volume of these works and therefore 
it is difficult to establish whether it includes package plants. These by-laws state that a permit is 
required for installation of any sewage works, the plant must be maintained at all times and 
disposal of effluent may not cause environmental or health concerns (Ekurhuleni Metropolitan 
Municipality Public Health By-Laws, 2009).   

2.4.4.2 Johannesburg municipality 

Water services by-laws 

The Johannesburg City by-laws stipulate that any person who wishes to operate any sort of 
sewage disposal system must have authorization by the municipality. The by-laws also states that 
if there is no infrastructure/connection to the municipality, owners can apply for approval to 
install on-site sanitation services at their own cost, in accordance with council specifications and 
the municipality may also specify the type of on-site system that is to be installed (City of 
Johannesburg Metropolitan Water Services By-Laws, 2004). Although the by-laws make 
provision for on-site systems, there is no mention whether it is privately owned and the capacity 
of the systems, again making it difficult to establish if it includes package plants.   

Public health by-laws 

The public health by-laws of Johannesburg City however makes mention of private sewage 
works and states that a permit is required for installation of these sewage works and that it must 
be maintained at all times (City of Johannesburg Metropolitan Water Services By-Laws, 2004). 
But no mention is made of the capacity of the systems.    

2.4.4.3 West Rand municipality 

In the West Rand District Municipal Health Services by-laws provision is also made for private 
sewage works and states once again that a permit is required for installation of these sewage 
works and that these systems must be maintained and cleaned. Private sewage works may only 
be installed if there is no connection to the municipal system available but do not specify the size 
of the systems (West Rand District Municipality: Municipal Health Services By-laws, 2010). 
These health services by-laws also indicates the laboratories to be used for analysis of effluent 
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2.4.6 Summary 

The above literature review discussed the importance of South African water resources and the 
impact that untreated or inadequately treated sewage have on the surrounding environment. The 
importance of treatment as well as the various types of treatment methods was mentioned. 
Package plants in general and the one selected for this research in particular were discussed and 
previous literature and case studies were highlighted. A brief discussion of the legislation and 
standards available on waste water was also provided.  With regard to the information gathered 
during this literature review, the research problem (statement) for this study is that the overall 
quality of the water resources of Mogale City and the domestic sewage effluent produced by the 
specific package plant and discharged into the environment is unknown.  

2.5 Problem Statement 

Due to the rapid increase in population in the area which has led to an increased need for 
treatment and disposal of domestic waste, the aim of this study is to determine the quality of the 
effluent that is being discharged from the package plant into the environment via natural 
waterways and whether maintenance and monitoring has an impact on the final effluent quality.  

The main research question for this research study: 

What is the overall quality of the water resources at the study site as well as the effluent that is 
being discharged from the package plant into the environment via natural waterways and does 
maintenance and monitoring have an impact on the final effluent quality?  

2.6 Sub-questions  

In order to obtain information and a better understanding of package plants and water resource 
assessment, the following sub-questions were addressed in this study: 

 What is the overall quality (physical parameters) of the sewage effluent of the selected 
package plant? 

 What is the concentration of coliforms present in the sewage effluent discharged by the 
package plant? 

 What is the concentration of nutrients (N and P) in this sewage effluent? 

 Is this type of package plant efficient in treating effluent? 

 What impacts do maintenance and monitoring of the package plant have on the quality of 
the sewage effluent? 
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 What is the overall quality (physical, chemical and biological) of the water resources 
(river, two boreholes and two dams) on the study site? 

2.7 Hypotheses  

A review of the background information led to the following hypotheses: 

H0) Effluent of the selected package plant (submerged biological contactor) for this study is of 
good quality and has no effect on the surrounding environment. 

H1) Effluent of the selected package plant (submerged biological contactor) for this study is of 
poor quality and has an impact on the surrounding environment. 

H2) Effluent of the selected package plant (submerged biological contactor) for this study is of 
poor quality but has no effect on the surrounding environment.  

H3) Effluent of the selected package plant (submerged biological contactor) for this study is of 
good quality and has a positive impact on the surrounding environment. 

2.8 The Objectives 

 To measure the physical parameters of effluent being discharged so as to determine the 
effluent quality. 

 To determine the concentration of coliforms present in the sewage effluent. 

 To determine the nutrient concentration present in sewage effluents.  

 To determine the efficiency of the selected type of treatment system used in this study by 
determining the quality of the effluent it produces.  

 To determine the effect that maintenance and monitoring of the selected treatment system 
have on the sewage effluent quality.  

 To determine the overall water quality (physical, chemical and biological) of the river, 
two dams and two boreholes located on the study site.  

2.9 Motivation, Value and Benefit of Study 

The rapid increase in population has led to an increased need for treatment and disposal of 
domestic sewage. There are various reasons for the importance of efficient sewage treatment 
such as:  
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Memorandum of Agreement that was signed between UNISA and Mogale City on the 23rd 
March 2011 (Appendix C Fig. 2.20 and 2.21).  

According to the State of the Environment Report for the Mogale City Local Municipality 
(2003), there are also various other gaps/recommendations that still require attention. These 
include development of an integrated water pollution management system, development of a 
ground and surface water monitoring program which should include identification of point and 
non-point pollution sources as well as promoting education and awareness about water 
management and conservation. It is proposed that this research study not only focuses on the 
package plant but also include a water resource quality assessment of the rivers, dams and 
boreholes that are located on the study site so as to not only provide the owners of the site, but 
also the Mogale City Local Municipality with an assessment report. The information/data 
obtained during this study could aid in making future decisions and recommendations with 
regards to impact studies/assessments or risk assessments/water safety plans for all parties 
involved.  
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Chapter Three 

3. Methodology 

Research involves solving specific problems through the use of various methods so as to gain 
new knowledge or reach a desired goal. Research methodology is concerned with the planning, 
design and implementation of methods used to gather data (Sheehan, 1986).  

The research design selected for this research study is a mixed-method design consisting mainly 
of quantitative research but includes some aspects of qualitative research as well as (Mouton, 
2001). Mixed method research is defined by Johnson et al. (2007) as the type of research that 
combines aspects of qualitative and quantitative methods for the broad purpose of understanding 
and validation.    

This research design included a field or natural experimental study (Mouton, 2001). 
Experimental research is concerned with cause and effect relationships that are expressed in 
different variables (Sheehan, 1986).  

The aims and objectives, measurements and sampling were specified prior to the data collection. 
A literature study was also included on all the factors and aspects of the variables and 
phenomena. Secondly a questionnaire was given to the plant operator to gather information on 
the treatment system that was selected for this research (Leedy, 2005).  

Data from both the quantitative and qualitative research was used and integrated to draw 
conclusions from the findings, answer the research questions and support the recommendations. 

The flow chart in Figure 3.1 outlines the approach that was taken to conduct this research study. 

3.1 Qualitative Research 

Qualitative research is used to attempt to make sense of phenomena or to interpret data in terms 
of the meanings/opinions of other people through the use of interviews or questionnaires 
(Murray, 2003). The data for this section of the research study was collected through the use of 
an anecdotal questionnaire (Appendix A) that was given to the package plant operator.  

Various questions were asked about the monitoring, maintenance and efficiency of the plant as 
well as personal experiences of the operator. The answers or personal views given by the plant 
operator was integrated and compared with the findings from the quantitative research as well as 
with the existing literature available on package plants and used to assist in drawing a conclusion 
and making of recommendations (Leedy, 2005).   
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3.2 Quantitative Research 

Quantitative research involves the use of numbers and statistics. It is the measurement and 
observation of phenomena to test a hypothesis by use of sampling and experimentation that 
provide results. These measurements and analyses however, must be easily replicable by other 
researchers (Murray, 2003).  

Quantitative research is used to answer questions about cause and effect relationships between 
different variables that can be measured. These variables are dependent and independent. The 
independent variables (IV) are variables that caused a change in the dependent variable, thus the 
presence of certain pollutants in the final sewage effluent causing the poor quality of the effluent, 
or pollutants from the effluent causing deterioration in the quality of the river. The dependent 
variables (DV) are variables that are influenced, and include effluent produced by the package 
plant or the receiving river (Sheehan, 1986; Leedy, 2005).  

3.3 The Research Site 

The research site for this research project is situated in Mogale City and falls within the 
boundaries of the Cradle of Humankind (Fig. 3.2).  

Mogale City is considered as a unique area within Gauteng, South Africa due to its rich natural 
and cultural heritage. The city was named after Chief Mogale, heir to the Po Chiefdom (State of 
the Environment Report for the Mogale City Local Municipality, 2003). This area is still 
developing and the infrastructure in certain parts of the city, are still insufficient. Mogale City 
has exclusive suburbs, middle class residential areas, townships/informal settlements and rural 
areas19. The specific research site for this research is about 600 hectares in size and part of the 
property has been set aside for development. This site consists of a wide variety of natural 
habitats, animal and bird species.  

The water resources on the research site include two boreholes, two dams and a river flowing 
through the site. Access to the site was gained with the help of the Mogale City Council and 
information and consent forms were provided to all parties involved which also stated that the 
site will remain confidential (Appendix D). A good working relationship was established with 
Mogale City Council, Mogale City Laboratory as well as the owners of the research site. 

 

 

 

                                                             
19 www.mogalecity.gov.za 

http://www.mogalecity.gov.za/
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Figure 3.2: Map of South Africa20, indicating the location of Mogale City21  

                                                             
20 http://www.nationsonline.org/oneworld/map/za_provinces_map.htm 

http://www.nationsonline.org/oneworld/map/za_provinces_map.htm


http://www.geda.co.za/G_Atlas/index.php?option=com_content&view=article&id=86:mogale-city-mineral%20deposits&catid=45:gauteng-mineral-deposits-and-status&Itemid=37
http://www.geda.co.za/G_Atlas/index.php?option=com_content&view=article&id=86:mogale-city-mineral%20deposits&catid=45:gauteng-mineral-deposits-and-status&Itemid=37
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Samples from the package plant influent was taken from a pipe with a valve that open and closes 
for easy access and is attached to the first tank (septic tank) of the system and samples from the 
effluent were taken from a tap that was installed on the disinfection tank to allow easy access. In 
both instances the waste water was allowed to run for approximately 2-3 minutes before the 
samples were taken. These influent and effluent samples were stored in container at 4°C-10°C 
and taken to a laboratory in Mogale City to be analyzed within 24 hours. 

Macroinvertebrates samples for the habitat assessment were taken at the same upstream and 
downstream sites of the river used for the other samples.  Collection of macroinvertebrates for 
the SASS 5 assessment were done by kicking big rocks in and out of current for approximately 
two minutes and capturing organisms with a handheld sampling net. The contents were then 
emptied into a tray filled with water. Small rocks, pebbles, mud and sand were also kicked for 
approximately one minute and then the contents of the handheld net was again emptied into a 
second tray filled with water. Lastly vegetation submerged in river water was sampled with the 
handheld net (5 to 7 nettings) and the contents were emptied into a third tray. IHI and IHAS 
assessments were done through observations and filling in of scores on assessment sheets. Fish 
were sampled using an electro shocker and a net.  

3.4.3 Frequency and time of sampling 

To monitor efficient performance of a treatment works a certain amount of sampling and analysis 
is required. Weekly analysis is preferred but due to research restrictions, monthly samples are 
acceptable (Water Institute of South Africa, Water Research Commission and East Rand Water 
Care Company, 2002). Table 3.1 provides information on the minimum and recommended 
sampling frequencies for different sampling points.  

Table 3.1: Minimum and recommended sampling frequencies (Department of Water Affairs and 
Forestry, Department of Health, Water Research Commission, 2000a). 

Sample point Minimum sampling 
frequency 

Recommended sampling 
frequency 

River or stream 3-monthly 2-weekly 

Dam 6-monthly 2-weekly 

Borehole Once a year 6-monthly 

Treatment works 3-monthly Monthly/weekly/daily 

 

Samples of all the points were taken every second week for a time period of 12 months.  This 
was done to ensure a representative sample. Samples were taken on approximately the same time 
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Committee and consent forms was provided to the owners of the research site as well as the 
operator who participated in the questionnaire (Appendix D). 

3.10 Summary 

This section discussed the methodology and research design that was used in this research study. 
The above information showed the difference between the qualitative and quantitative methods 
that was used and how the methods were combined to form a mixed method research design. The 
data collection process as well as the analysis of the data were highlighted which led to the 
results that will be given in the next chapter. 
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Chapter Four 

4. Results and Discussion 

Water resources are limited in South Africa and its quality affects human and environmental 
health. For this reason constant monitoring and management is essential. Urbanisation affects 
water quality and causes fluctuations in parameters for example sewage discharges from 
businesses, informal settlements, agricultural activities, seepage and leachates due to broken 
pipes or septic tanks. Rainfall is also responsible for fluctuations in water quality and parameter 
concentrations as a result of atmospheric washout or concentrations at first flush (Stephenson, 
2003). Pollution of water resources include: suspended solids (debris or sediment), various 
chemicals and metals, physical pollutants (temperature, pH, colour, odour etc.) and biological 
pollutants such as bacteria, pathogens and viruses. These pollutants can cause environmental 
degradation (such as eutrophication) and pose risks to human health (water borne diseases). 
Monitoring is therefore essential to ensure that the quality of the water comply with quality 
standards. Water quality standards are certain criteria that are used to quantify or indicate the 
level of permitted pollution/parameter concentration (Stephenson, 2003).  

Pollutants/parameters of concern that usually tend to fluctuate in concentration and effect 
environmental and human health are physical parameters such as EC, SS, pH, temperature and 
DO. These parameters will fluctuate due to season changes (rain and temperature fluctuations) 
and increasing levels of pollution such as discharging of sewage, seepage and leaching 
(Department of Water Affairs and Forestry, 1996a; Campbell, 2001; Morrison et al., 2001). 
Other pollutants of concern are nutrients (N and P) and bacteria or pathogens. These parameters 
will fluctuate in concentration as a result of increased faecal pollution either as a result of direct 
discharge or from heavy rain thus increasing loads with first flush events (Department of Water 
Affairs and Forestry, 1996a; Morrison et al., 2001). Fluctuations in concentrations of all of the 
above parameters have impacts on the quality and health of the receiving aquatic ecosystem and 
also pose risks to human health. 

The data for this research project was gathered over a period of 12 months and samples were 
taken at 10 different sample sites within the research site so as to determine the quality of the 
effluent discharged by the package plant as well as the quality of the surrounding water resources 
as can be seen in Figure 4.1: 

 

 

 

 









http://www.weathersa.co.za/






http://www.weathersa.co.za/
http://www.ead.anl.gov/pub/doc/nitrate-ite.pdf
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Figure 4.4: The relationship between faecal coliform bacteria and  rainfall (mm) for sample site 
L77AB and L24JB (rainfall source: www.weathersa.co.za ). 

  

Figure 4.5: The relationship between E. coli and rainfall (mm) for sample site L77AB and L24JB 
(rainfall source: www.weathersa.co.za ). 

Chlorine added to 
L77AB 

Chlorine added to 
L24JB 

L24JB: sample from 
underground water 

 

Chlorine added to 
L24JB 

http://www.weathersa.co.za/
http://www.weathersa.co.za/
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Figure 4.8: Nitrate concentrations for river sample sites LRIN and LROUT.  

 

Figure 4.9: Nitrate concentrations for river sample sites RBeforePP and RAfterPP. 

Effluent no longer 
discharged in river 

Effluent no longer 
discharged in river 
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Figure 4.14: Free chlorine concentrations for sample sites LRIN and LROUT. 

 

Figure 4.15: Free chlorine concentrations for sample sites RBeforePP and RAfterPP. 

Effluent no longer 
discharged in river 

Effluent no longer 
discharged in river 





http://water.me.vccs.edu/courses/ENV149/solids.htm










http://water.epa.gov/type/rsl/monitoring/vms52.cfm
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Figure 4.22 (a): Comparisons of median values for sample sites  
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Figure 4.22 (b): Comparisons of median values for sample sites 
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From Figure 4.22 (a) the high concentration of ammonia and phosphate in the package plant 
effluent is again visible when compared to the other sample sites.  

4.5 Habitat Assessment 

Sampling of the river was done with the help of independent consultants over a time period of 
six months and started in December 2010 and continued until July 2011. Two sample sites were 
chosen: one upstream where the river enters the research site and one downstream directly after 
the package plant. Sampling was done once every six weeks and sample sites are coded for each 
sample visit (Table 4.25). The area is classified as a Western Bankenveld Ecoregion (Dallas, 
2007) with mainly bushveld vegetation and with a summer rainfall season. The river is perennial 
and forms part of the Crocodile West Marico river catchment and the particular section of the 
river that was sampled is classified as a second order stream (personal communication: Michiel 
Jonker, October 25, 2010). The channel condition of the river is moderately impacted at the 
upstream sample site by a bridge and a fence as well as a dam that causes an extensive impact on 
both upstream and downstream sample sites.  

Table 4.25: Key indicating codes for sample sites and sample dates   

Code Description Date 

U/S1 Upstream sample site 06/12/2010 

D/S1 Downstream sample site 06/12/2010 

U/S2 Upstream sample site 04/02/2011 

D/S2 Downstream sample site 04/02/2011 

U/S3 Upstream sample site 02/03/2011 

D/S3 Downstream sample site 02/03/2011 

U/S4 Upstream sample site 11/04/2011 

D/S4 Downstream sample site 11/04/2011 

U/S5 Upstream sample site 24/05/2011 

D/S5 Downstream sample site 24/05/2011 

U/S6 Upstream sample site 06/07/2011 

D/S6 Downstream sample site 06/07/2011 
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4.5.1 Results 

Index of habitat integrity (IHI)  

Various rivers or streams in South Africa have undergone some form of alteration and 
deterioration. These modifications can affect water quality. In this research study various factors 
that could cause degradation of the river were assessed to determine the functionality of the river 
or stream and the ability to provide a suitable environment for the biota. Analysis of the severity 
of impact of the modifications was done on the instream river channel and the riparian zone 
according to six modification classes with various ratings (Table 4.26). Ratings were applied to 
each sample site on each sample visit (Kleynhans, 1996).  

Table 4.26:  Modification classes with various ratings for each class (Kleynhans, 1996).  

Modification class Rating 
None 0 
Small 1-5 

Moderate 6-10 
Large 11-15 

Serious 16-20 
Critical 21-25 

  

Instream and riperian weights are assigned to the various factors that could cause degradation 
(Table 4.27). 

Table 4.27:  Instream and Riperian criteria and weights (Kleynhans, 1996) 

Instream Weight Riparian zone Weight 
Water abstraction 14 Water abstraction 13 

Extend of inundation 10 Extend of inundation 11 
Water quality 14 Water quality 13 

Flow modifications 13 Flow modifications 12 
Bed modifications 13 Channel modification 12 

Channel modification 13 Decrease of indigenous 
vegetation 

13 

Presence of exotic macrophytes 9 Exotic vegetation 
encroachment 

12 

Presence of exotic fauna 8 Bank erosion 14 
Presence of solid waste 6 

 

A rating (Table 4.26) for each criterion from Table 4.27 were given to each sample site with each 
visit and then the individual variable scores, instream integrity scores, riperian integrity scores 
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and total IHI were calculated with the help of an evaluation model provided by the habitat 
assessment consultants (Appendix K, Tables 4.28 a and b). Kleynhans (1996) also indicates that 
the following calculations can be used: 

Individual variable score: 

 Rating/25 X Weight 

Total IHI: 

 Instream integrity score + Riperian integrity score/2 
 
The total IHI scores were then used to determine the habitat integrity classes for each sample site 
(Table 4.28 a, Appendix K). Table 4.28 (a) indicates the IHI assessment class for 10 of the 12 
samples were E and only two samples had a D class. The main class throughout the sampling 
period is E, indicating that the system is seriously modified and that various factors have 
contributed to a loss of natural habitat and ecosystem functions within this river. The IHI 
assessment class for upstream (U/S1-6) and downstream (D/S1-6) sample sites however, are the 
same and very little differences are detected between the upstream and downstream IHI 
percentage scores, thus indicating that approximately the same amount of habitat and ecosystem 
function loss occurred throughout the research site (Fig. 4.23). 

 

 

Figure 4.23: Comparison between upstream and downstream IHI percentages and assessment 
classes (Kleynhans, 1996).  

A: NATURAL, >90 %  

B: LARGELY NATURAL,  80-90% 

C: MODERATELY MODIFIED,  60-79% 

D: LARGELY MODIFIED,  40-59% 

E: SERIOUSLY MODIFIED,  20-39% 

F: CRITICALLY MODIFIED,  0-19% 

 

A 

B 

C 

D 

E 

F 
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Figures 4.24 to 4.28 illustrate the differences between the upstream and downstream sample sites 
with regards to stream flow, vegetation and bank erosion. 

 

Figure 4.24:  River flow and vegetation at the upstream sample site  

 

Figure 4.25: River flow and vegetation at the downstream sample site  
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Figure 4.26: Bank erosion at the upstream sample site 

 

Figure 4.27: Bank erosion at the downstream sample site 
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Figure 4.28: Downstream channel modifications at the downstream sample site  

 



108 

 

Invertebrate Habitat Assessment System (IHAS) 

The physical structure of an aquatic habitat is very important to the diversity and abundance of 
biota and can affect the integrity of the river system. IHAS methods are used in conjunction with 
SASS methods to determine the variability of the amount and quantity of aquatic habitat 
available for invertebrate communities in the river system (Ollis et al., 2006). IHAS was done on 
the habitat and stream conditions and vegetation types at the upstream and downstream sites over 
a six month period so as to provide a representative biotope sample (Avianto: Aquatic Specialist 
Assessment, 2009). Assessment of the site was done by filling in a scoring sheet with various 
criteria that was scored between 0-5 (Appendix K, Table 4.29). The scores for each site were 
then summed and the following calculation was used to determine the IHAS percentage: 

 Sum of field score X 100/max score (Ollis et al., 2006). 

A comparison of the IHAS percentages for the upstream and downstream sites are shown in 
Figure 4.29. 

 

Figure 4.29: A comparison of the IHAS percentages for the upstream and downstream sites 

 

 

Summer 

Autumn  

Winter 
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The SASS score was then taken along with the ASPT score to determine the category class or 
present ecological state by using a graph with the biological bands for the Western Bankenveld 
(Upper and Lower zones) ecoregion as provided by Dallas (2007). The class was determined 
from the provided graph and Table 4.32 was then used to place the site/sample in one of the 
categories below:  

Table 4.32: Present Ecological State (PES) showing class category and description (Kleynhans 
and Louw, 2007)  

                                         Category Description 

A Unmodified No impacts 

B Largely natural Small changes in community 

C Moderately modified Clear community modifications 

D Largely modified Impairment of health clearly evident 

E Seriously modified Most community characteristics seriously modified 

F Critically modified Extremely low species diversity 

 

Table 4.31 (Appendix K) indicates that for the first sample date the upstream site (U/S1) had a 
category of C (moderately modified) while the downstream site (U/D1) had a D category 
(Largely modified). For the second sampling date the two sites (U/S2 and D/S2) both had an E/F 
category (Serious to critically modified). The third sample date showed a D category (Largely 
modified) for the upstream site (U/S3) and an E/F category (Serious to critically modified) for 
the downstream site (D/S3). Sample date four once again showed that upstream and downstream 
(U/S4 and D/S4) had the same category class of D (Largely modified).  

Sample dates five and six both showed the same results in that the upstream sites (U/S5 and 
U/S6) had B categories (Largely natural) and the downstream sites (D/S5 and D/S6) had D 
categories (Largely modified). The upstream samples seem to be in better categories than the 
downstream samples and that the average species per taxon as well as the SASS scores are 
higher for the upstream sample site than for the downstream sample site (Fig. 4.30 and 4.31) 
indicating that there are factors affecting the downstream conditions and species more than the 
upstream site.  
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Figure 4.30: Comparison between the SASS scores for the upstream and downstream samples 

  

Figure 4.31: Comparison between the ASPT scores for the upstream and downstream samples 
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Sampling of fish 

The habitat sampled for fish species consisted of primarily slow shallow and fast shallow 
velocity-depth classes and various cover types were present such as substrate, overhanging 
vegetation, undercut banks, water column and a little amount of aquatic macrophytes at both the 
upstream and downstream sites. Table 4.33 a and b indicates the list of expected fish species that 
should be in and around this particular catchment area. These tables also indicate the habitat 
preferences of each of the species. The habitat sampled can be said to provide suitable conditions 
for all of these species to be present. The Table 4.34 indicates the species that were caught 
during sampling throughout the sampling period as well as the overall amount of each species. 

Table 4.34: Fish species caught during sampling  
    Species caught 

Upstream Downstream Common name Scientific name 
Name Amount Name Amount 

tspa 3 tspa 3 Banded  Tilapia Tilapia 
sparrmanii 

cgar 7 cgar 1 Sharptooth 
Catfish  

Clarias 
gariepinus 

 

The Tilapia sparrmanii (Fig. 4.32) had the same amounts upstream and downstream, whilst the 
Clarias gariepinus (Fig. 4.33) were much less downstream than upstream. None of the other 
species on the expected list (Table 4.33) were caught at these sample sites although habitat was 
available, indicating that there are factors affecting the fish species at these sample sites. The 
following alien fish species were also caught (Fig. 4.34) during the six month sampling period 
and are listed in Table 4.35. 

Table 4.35: Alien fish species caught at sample sites 
  Alien species 

Upstream Downstream Common name Scientific name  
Name Amount  Name Amount  

None 
msal 52 

Largemouth Bass 
(EX) 

Micropterus 
salmoides  

ccar 3 Carp (EX) Cyprinus carpio  
gaff 7 Mosquitofish (EX) Gambusia affinis  

 

All of the alien species were caught at the downstream site indicating that the conditions 
downstream are more favourable for these species. 
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Figure 4.32: Tilapia sparrmanii caught at upstream sample site 

 

Figure 4.33: Clarias gariepinus caught at the upstream sample site 
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Figure 4.34: The three invasive species caught; (a) carp, (b) mosquitofish, (c) Largemouth bass  

4.5.2 Discussion 

The health of a river is determined through various factors such as physical, chemical and 
environmental stressors that disturb and modify the river and riparian areas and the biological 
responses of the fish, vegetation and invertebrates to these stressors (Kleynhans and Louw, 
2007). Table 4.28 (a) indicates that the factors that have the highest impact on the instream 
habitat of the river are flow modifications, channel modifications and exotic fauna. Other factors 
that also have an impact are inundation and bed modification. Factors that have the most impact 
on the riparian zone (Table 4.28 b) of the river are also flow and channel modifications and bank 
erosion. The impact of water quality are considered low throughout the sampling period which 
indicates that the physical parameters such as pH, temperature, DO, EC and TDS are of good 
standard. These findings also support and validate the data, analysis and interpretation that were 
obtained through the sampling process where the standard of the physical parameters at sample 
sites LRIN, LROUT, RBeforePP and RAfterPP was considered good.  

(a) (b) 

(c) 
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Table 4.29 indicates that the areas sampled showed a good integrity of the habitat and that 
various habitat types were sampled such as sand, gravel, cobbles and some marginal vegetation, 
indicating that there is habitat available for certain species. Algae were also found to be present 
at both the sample sites throughout the six month sample period, indicating that nutrients (N and 
P) are present in the river. This also support and validate the results that were obtained through 
the water sampling process where N and P was found at sample sites LRIN and RAfterPP (Fig. 
4.6, 4.7, 4.10 and 4.11).  

Table 4.31 indicates very low SASS categories (E/F) for samples U/S2 and D/S2 (sampled in 
February 2011). These low scores could be as a result of the heavy rains experienced a month 
earlier when the river was in flood and a lot of the habitat was flushed away, thus the flow and 
channel of the river was modified to a very large extent. The upstream and downstream sample 
sites are also separated by a dam with a sluice gate. During the high flow period it is possible that 
this gate was opened to allow more water to pass through. This could have affected the habitat 
downstream by flushing away the habitat and could explain why the SASS results for sample 
U/S3 (upstream from dam) is a D category but is a E/F category for D/S3 sample downstream 
from the dam for the same sample date. After the rainy season the SASS scores increased and the 
sites showed improvement and better categories were achieved. Table 4.31 also indicates that the 
SASS scores are lower for the downstream sample site than for the upstream sample site. 
Various factors contribute to these low scores.  

The flow of the river is one factor that could affect the biological communities. Organisms have 
different preferences to flow and depth. Certain invertebrate species for example, are adapted to 
slow flow, and when the flow is suddenly changed with the rainy season or occasional floods the 
species will not survive (Allan, 1995). This could account for the low SASS scores of E/F (Table 
4.31) during the rainy season. The slight differences in flow between the upstream and 
downstream sites (Fig. 4.24 and 4.25) could also explain the overall differences in SASS scores 
between the upstream and downstream sites as well as the differences in fish species amounts.  

The presence of the dam as previously stated, is also an impact factor on the river and the 
biological communities. The dam that is situated between the upstream and downstream sample 
site, affects the flow of the river and during floods release of high discharges cause habitat 
destruction. The dam also affects migration of fish species and fish reproduction (Moss, 2010). 
Thus, the presence of the dam could account for the differences in fish numbers between the 
upstream and downstream sample sites (Table 4.34) as well as explain why certain species are 
absent from this research site. Dams are also known to reduce species richness of benthic 
invertebrate communities downstream (Allan, 1995) and this could explain the lower SASS 
score observed at the downstream site compared to the upstream sample site (Table 4.31).  

During the sample period only two of the expected fish species were caught (catfish and the 
banded tilapia, Table 4.34). The banded tilapia occurred at the same amounts at both the 
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Chapter Five 

5. Conclusion and Recommendations 

The problem statement associated with this research addressed two questions, namely:  

 What is the overall quality of the water resources of the study site?  

 What is the quality of the waste water effluent produced by the package plant that is 
being discharged into the environment? 

 Both of these problems were addressed as follows, namely: 

  measuring the physical parameters (EC, pH, temperature, DO and suspended solids) of 
the domestic sewage effluent that is produced and discharged by a selected package plant 

  measuring the chemical parameters (such as COD, orthophosphate, ammonia, nitrites, 
nitrates) of the domestic sewage effluent that is produced and discharged by a selected 
package plant 

  measuring the concentration of coliforms present in the sewage effluent discharged by 
the package plant 

 determining whether maintenance and monitoring, has an impact on the final effluent 
quality 

  measuring the quality of the surrounding water resources such as a river, two dams and 
two boreholes.  

Validity and reliability of results were achieved by: 

 collecting samples from the package plant effluent as well as surrounding water resources 
(inclusive of a habitat assessment) at the research site using the same sample points over 
a 12 month period 

 analysing samples using calibrated instrumentation as well as specific laboratory 
sampling procedures throughout the sampling process  

 making use of quantitative as well as qualitative research methods, including 
observations noted by the researcher as well as the completion of an anecdotal 
questionnaire by the package plant operator.  
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5.1 Conclusion 

After the data were analysed and discussed, the following conclusions were drawn and 
recommendations made: 

Through analysis of physical, chemical and microbiological parameters, it was found that the 
overall quality of water resources at the research site (dams and river) was good (Fig. 4.22 a and 
b). These results were supported and validated by the habitat assessment that was done on the 
river, which indicated that the overall water quality of the river was of a good standard with 
regards to physical parameters thus, indicating that the package plant had little effect on the river 
water quality. The habitat assessment did however indicate that the habitat integrity was classed 
as an E (seriously modified). However, very little differences are detected between the upstream 
and downstream IHI percentages.  

The variability of the amount and quantity of aquatic habitat available for invertebrate 
communities are considered to be good for both the upstream as well as the downstream samples 
site. A small difference in the SASS scores and fish species caught was detected between the 
upstream and downstream sites but this was as a result of various factors such as flow and 
channel modification during the rainy season, the effect of the dam and invasive predator fish 
species. The boreholes, however, have unacceptable levels of coliform bacteria and nitrate 
concentrations (Fig. 4.22 a and b) that are of concern due to the fact that these boreholes are used 
for human consumption and, thus, need further monitoring.  

Package plant data highlighted a few problems with this treatment system. Literature indicates 
that package plant problems mainly occur within the design of the system as well as with poor 
construction, operation, maintenance and mechanical failures (Gaydon et al., 2007). Regarding 
microorganisms, the package plant studied for this research project successfully removed 
bacteria from the final effluent. At first there were concerns regarding large amounts of chlorine 
detected in the effluent and being discharged into the receiving river but after some changes was 
made in the design of the system, mainly involving the chlorine dispenser. This problem was 
solved and chlorine levels could be reduced whilst still maintaining bacteria concentrations 
below the accepted standard.  

Thus, although three river samples collected throughout the sampling period showed spikes in 
coliform bacteria levels, generally the quality of the effluent with regards to the coliform bacteria 
concentrations is of good standard. As indicated, loss in bacterial control could be attributed to 
system failure caused due to design faults and reinforces the importance of regular and 
continuous monitoring and maintenance of these systems so that problems can be detected 
immediately and corrected.  

In contrast, flow/diurnals and oxygen problems seem to be the major factors affecting effluent 
quality. Diurnals can affect COD, nitrification, denitrification, settling and disinfection (Gaydon 
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 Further research should be done with regards to comparative analysis of package plant 
best practice (local and internationally) and policy documents or guidelines and 
compliance criteria should be drawn up specifically for package plants, owners and local 
government to assist in the process.  

 Education and training should also be provided to owners and local communities to 
ensure knowledge and understanding of proper package plant operation, monitoring and 
maintenance of these systems.  

 Future research should also be done with regards to management practices or preparing 
of management models to act as tools for package plant owners and municipalities.  

 Research should also be done on the health of the surrounding community and animals on 
the research site that might be exposed to the borehole and ground water resources.   
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Appendix A 

Package Plant Operator Questionnaire 
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RESEARCH ON PACKAGE PLANTS  

(MANAGER/OPERATING PERSONNEL)  

 

FORM NUMBER   

Date of interview  

Name: ________________________________________________________________________ 

Occupation: ___________________________________________________________________ 

Place of employment: ___________________________________________________________ 

Period of employment: ___________________________________________________________ 

Qualifications: _________________________________________________________________ 

1) Do you have any experience in sewage treatment processes?   YES/NO 

If YES please indicate what and for how long: 
______________________________________________________________________________
______________________________________________________________________________ 

2) Did you receive any training from the Package Plant supplier?         YES/NO 

If YES please indicate what type of training: 
______________________________________________________________________________
______________________________________________________________________________ 

3) Did you receive any additional information in the form of pamphlets, instruction guides, 
manuals etc? 

YES/NO 

If YES please specify: ___________________________________________________________ 

4) Did you receive a specifications plate from the supplier containing information such as power 
usage, capacity of plant etc? 
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YES/NO 

5) Is there any communication between you and the supplier on a regular basis? 

YES/NO 

6) Do you monitor the system?     YES/NO 

If YES please specify: 

6.1) How do you monitor system:  
_____________________________________________________________________ 

6.2) Frequency of monitoring/sampling: 
_____________________________________________________________________ 

6.3) What do you do with monitoring/sampling data: 
_____________________________________________________________________ 

7) Do you have any comments/views/opinions/concerns about the system, regulations, legislation 
etc? 

______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
_________________________________ 

8) What changes, if any, have you made to improve system and why? 

______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
_________________________________ 

 

 

THANK YOU FOR YOUR PARTICIPATION!  
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Appendix B 

Guideline for Utilization and Disposal of Sewage Effluent 
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Appendix D 

Consent Forms 
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To:   Mr. Rinus Bouwer                                                          Date: 15 February 2010 

         Manager of Parks  

         Mogale City Council 

         P.O Box 94 

         Mogale City 

         1740 

Dear Mr. Rinus Bouwer, 

RE: Research study on quality of  Package Plant effluent 

As you know UNISA proposes to undertake a research study in cooperation with Mogale City, 
on the quality of sewage effluent from selected package plants in the Mogale City area  to 
develop possible recommendations for guidelines on standards and policy for the discharging of 
domestic sewage effluents into the environment. This will be in the form of a MSc 
Environmental Science research study. The purpose of this letter is to inform the local council of 
our intended research and to work together with the City of Mogale in conducting this study. 

Background: 

Domestic sewage, for the purpose of this study, is defined as wastewater containing all domestic 
waste water/sewage that is generated mainly from the toilets and contains large amounts of fecal 
pollutants/contaminants. Waste water is considered to be one of the major sources of water 
pollution in many countries. Untreated or inadequately treated sewage effluents, often finds its 
way into rivers and this pose a great threat to public and environmental health. These effluent 
discharges contribute to oxygen demand, nutrient loading and algal blooms (eutrophication) as 
well as water borne diseases. Various developing countries have inadequate waste disposal 
systems, lack of infrastructure and capacity, and with rapid increases in population there is an 
increased demand for proper disposal of domestic waste, this lead to the development of package 
plants. Package plants were introduced to meet the ever increasing demands and needs of rural or 
small, isolated communities, residential areas and holiday and recreational sites. These systems 
are usually complete pre-assembled structures and can be in or above the ground. They are also 
known as alternative on-site treatment facilities or pre-engineered sewage treatment plants, and 
have increased in number over the last few years due to its efficiency, low cost and ease of 
operation.  

 

 





mailto:Rhendric@unisa.ac.za
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Contact details: 011 471 2355 

Email: bbrand@unisa.ac.za  
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Prof. JB Dewar 

Research Co-Supervisor 

UNISA Florida 

Contact details: 011 471 3112 

Email: dewarj@unisa.ac.za 

 

Ms. ME Brand 

Research Co-Supervisor 

UNISA Florida 

Contact details: 011 471 2355 

Email: bbrand@unisa.ac.za  

 

CONSENT FORM FOR OWNERS 

RESEARCH ON PACKAGE PLANTS AND WATER RESOURCE QUALITY 
ASSESSMENT 

A water resource quality assessment case study conducted in Mogale City with particular 
emphasis on the sewage effluent quality of a package plant. 

You are being asked to participate in a confidential research study that is being conducted by 
UNISA with the help of the Mogale City Council to determine the quality of sewage effluent that 
is produced from operating package plants as well as an assessment of the water quality situation 
in the surrounding environment. It is hoped that the results of this study will gather information 
on the quality of effluent produced by these package plants as well as lead to possible 
recommendations on improving effluent quality and or provide possible standards for effluent 
quality and to provide recommendations with regards to the overall water quality situation in the 
surrounding ecosystem. 

Your participation in this research study may help to provide valuable information that can be 
used to draw conclusions about the use of package plants and make possible suggestions towards 

mailto:bbrand@unisa.ac.za
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Appendix E 

South African Scoring System (SASS 5) 
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Figure 3.3: South African Scoring System (SASS 5 sheet) (Dickens and Graham, 2002). 
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Appendix F 

Descriptive Statistics 
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Table 4.1: Descriptive Statistics for sample sites LSD and LHD         

Dams 

    
Valid 
N Mean 

Confidence 
- -95.000% 

Confidence 
- 95.000% Median Minimum Maximum Std.Dev. Skewness 

Dam 
LSD 

EC 21 47.81 40.82 54.81 44.30 34.30 113.00 15.36 4.16 
pH 21 7.80 7.63 7.96 7.86 7.06 8.40 0.36 -0.44 
Temp 17 19.72 17.02 22.43 22.10 9.70 26.00 5.26 -0.76 
SS 21 20.67 15.49 25.84 23.00 0.00 48.00 11.37 0.20 
TDS 21 255.29 212.01 298.56 249.00 76.00 557.00 95.06 1.43 
DO 16 76.79 71.77 81.80 76.25 59.80 93.20 9.41 -0.15 
Ca 20 18.37 15.29 21.45 15.83 11.71 40.70 6.58 2.19 
Cl 21 10.52 8.99 12.06 10.21 5.66 15.76 3.37 0.24 
Mg 20 32.79 28.48 37.10 32.77 3.07 49.80 9.21 -1.58 
NH3-N 21 0.14 0.08 0.20 0.11 0.01 0.51 0.13 1.50 
NO3N 21 0.61 0.53 0.69 0.57 0.39 1.00 0.17 0.95 
K 20 0.88 0.68 1.08 0.72 0.37 1.85 0.43 1.12 
TAlk 21 234.27 206.63 261.91 233.59 58.71 429.70 60.72 0.50 
Na 20 6.62 3.98 9.26 4.32 1.81 27.00 5.64 2.84 
SO4 21 6.52 4.82 8.22 6.00 2.00 16.00 3.74 0.85 
COD 21 50.76 26.97 74.55 33.00 1.00 206.00 52.27 2.11 
O-PO4 21 0.25 0.19 0.32 0.26 0.00 0.54 0.15 -0.08 
Free 
Cl 0                 
F coli 21 337.38 30.10 644.66 52.00 2.00 2136.00 675.06 2.25 
E.coli 21 407.62 -57.50 872.74 88.00 2.00 4068.00 1021.80 3.14 
F 
Strep 13 185.08 -77.23 447.38 36.00 0.00 1564.00 434.06 3.13 
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Table 4.1: Descriptive Statistics for sample sites LSD and LHD continued 
Dams 

 
 

Valid N Mean 
Confidence 
- -95.000% 

Confidence 
- 95.000% Median Minimum Maximum Std.Dev. Skewness 

Dam 
LHD 

EC 22 18.02 17.06 18.97 17.45 14.60 21.70 2.15 0.46 
pH 22 7.00 6.80 7.19 6.97 6.19 7.89 0.44 0.19 
Temp 18 19.66 17.37 21.95 21.15 11.20 25.10 4.61 -0.73 
SS 22 9.27 4.22 14.33 4.50 0.00 42.00 11.41 1.96 
TDS 22 119.86 107.21 132.52 117.00 61.00 178.00 28.55 0.20 
DO 17 79.79 75.24 84.34 79.90 62.00 97.80 8.85 -0.04 
Ca 21 6.69 5.64 7.73 6.01 3.87 11.71 2.29 0.89 
Cl 22 16.99 14.97 19.01 14.56 7.10 23.83 4.56 -0.10 
Mg 21 7.85 6.57 9.12 7.03 0.78 13.06 2.80 -0.33 
NH3-N 22 0.13 0.06 0.20 0.10 0.01 0.79 0.16 3.54 
NO3N 22 2.53 2.20 2.87 2.39 1.31 4.02 0.75 0.24 
K 21 1.06 0.96 1.16 1.06 0.69 1.49 0.22 0.22 
TAlk 22 61.02 43.44 78.60 51.36 35.14 229.36 39.65 3.98 
Na 21 7.03 5.20 8.86 6.27 3.75 22.99 4.01 3.47 
SO4 22 10.41 8.86 11.96 10.00 6.00 22.00 3.49 1.61 
COD 22 42.50 30.00 55.00 43.50 4.00 97.00 28.20 0.26 
O-PO4 22 0.23 0.16 0.29 0.23 0.00 0.56 0.15 0.59 
Free Cl 0                 
F coli 22 216.45 68.41 364.50 82.00 4.00 1400.00 333.91 2.60 
E.coli 22 329.91 74.42 585.40 134.00 12.00 2260.00 576.24 2.78 
F Strep 14 231.43 -15.20 478.05 34.00 0.00 1400.00 427.14 2.23 
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Table 4.2: Descriptive Statistics for sample sites L77AB & L24JB         
  Boreholes 

  
 

Valid 
N Mean 

Confidence 
95% 

Confidence 
95% Median Minimum Maximum Std.Dev. Skewness 

BH 
L77AB 

EC 21 62.87 57.92 67.83 61.60 42.60 79.30 10.89 0.05 
pH 21 7.13 6.99 7.28 7.02 6.75 7.98 0.31 1.30 
Temp 17 19.55 17.77 21.34 19.90 11.20 25.20 3.47 -0.74 
SS 0 

       
  

TDS 21 439.81 390.88 488.74 415.00 275.00 714.00 107.50 0.87 
DO 16 46.74 42.56 50.91 47.30 30.80 59.40 7.84 -0.38 
Ca 20 7.83 5.97 9.70 6.76 4.28 21.72 3.99 2.58 
Cl 21 34.04 29.81 38.26 36.23 23.89 49.78 9.29 0.36 
Mg 20 52.08 45.36 58.79 55.40 4.85 72.53 14.35 -1.86 
NH3-N 21 0.04 0.02 0.07 0.04 0.01 0.25 0.05 3.75 
NO3N 21 8.94 6.70 11.18 7.06 2.82 19.71 4.91 0.73 
K 20 0.54 0.47 0.60 0.53 0.33 0.89 0.14 1.12 
TAlk 21 245.07 231.81 258.34 242.56 192.20 353.28 29.15 2.41 
Na 20 6.28 5.15 7.41 5.80 0.82 11.16 2.41 0.09 
SO4 21 32.52 25.11 39.94 22.00 15.00 63.00 16.30 0.57 
COD 21 25.43 15.42 35.44 20.00 5.00 84.00 21.99 1.18 
O-PO4 21 0.28 0.19 0.38 0.24 0.00 0.67 0.21 0.33 
Free 
Cl 0 

       
  

F coli 21 72.05 -10.79 154.88 0.00 0.00 711.00 181.98 2.95 
E.coli 21 85.74 -13.14 184.61 0.00 0.00 847.50 217.22 2.94 
F 
Strep 13 342.92 -109.65 795.49 10.00 0.00 2373.00 748.92 2.32 
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Table 4.2: Descriptive Statistics for sample sites L77AB & L24JB continued 
Boreholes 

 
 

Valid 
N Mean 

Confidence 
95% 

Confidence 
95% Median Minimum Maximum Std.Dev. Skewness 

BH 
L24JB 

EC 20 60.07 54.99 65.15 64.00 23.80 66.20 10.85 -2.65 
pH 20 7.21 7.10 7.32 7.17 6.90 7.95 0.23 1.85 
Temp 17 19.42 17.24 21.61 20.90 11.40 25.10 4.25 -0.77 
SS 0 

       
  

TDS 20 394.90 357.78 432.02 403.00 142.00 541.00 79.31 -1.48 
DO 16 60.09 52.34 67.84 62.15 15.00 82.10 14.55 -1.94 
Ca 19 20.21 17.12 23.30 19.61 9.29 35.72 6.41 0.42 
Cl 20 33.40 30.90 35.90 33.78 14.54 40.44 5.34 -2.36 
Mg 19 40.95 33.17 48.73 43.20 4.25 59.82 16.14 -1.33 
NH3-N 20 0.08 0.01 0.15 0.03 0.01 0.66 0.15 3.75 
NO3N 20 4.81 3.95 5.66 4.70 0.63 7.99 1.83 -0.48 
K 19 0.73 0.44 1.02 0.63 0.26 3.12 0.60 3.77 
TAlk 20 259.70 238.16 281.23 273.63 78.20 293.55 46.01 -3.59 
Na 19 5.35 4.80 5.89 5.48 1.61 7.48 1.12 -1.85 
SO4 20 13.45 11.37 15.53 12.50 7.00 24.00 4.45 0.84 
COD 20 29.35 14.64 44.06 20.50 5.00 118.00 31.43 1.70 
O-PO4 20 0.24 0.16 0.31 0.23 0.00 0.62 0.16 0.50 
Free 
Cl 0 

       
  

F coli 20 2.75 -0.56 6.06 0.00 0.00 30.00 7.07 3.44 
E.coli 20 9.50 0.80 18.20 0.50 0.00 78.00 18.58 2.94 
F 
Strep 14 3.50 -1.47 8.47 0.00 0.00 30.00 8.60 2.78 
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Table 4.3: Descriptive Statistics for sample sites LRIN & LROUT         
  Rivers In and Out 

    
Valid 
N Mean 

Confidence 
95% 

Confidence 
95% Median Minimum Maximum Std.Dev. Skewness 

River 
LR In 

EC 20 26.26 8.77 43.75 17.10 13.90 184.60 37.37 4.43 
pH 20 6.84 6.67 7.01 6.88 6.04 7.46 0.37 -0.56 
Temp 17 18.84 15.58 22.09 19.40 9.90 34.50 6.33 0.76 
SS 20 10.00 4.59 15.41 5.50 0.00 45.00 11.56 1.96 
TDS 20 115.20 102.28 128.12 113.00 75.00 194.00 27.62 1.21 
DO 16 82.66 79.18 86.13 79.60 76.30 96.30 6.53 0.91 
Ca 19 6.87 5.05 8.69 5.97 3.15 19.89 3.78 2.47 
Cl 20 17.49 15.62 19.36 15.30 12.86 25.78 4.00 0.55 
Mg 19 9.63 4.44 14.81 7.52 0.77 52.77 10.76 3.94 
NH3-N 20 0.17 0.01 0.33 0.05 0.02 1.53 0.34 3.81 
NO3N 20 3.15 2.57 3.74 3.10 1.55 5.85 1.24 0.69 
K 19 0.94 0.78 1.10 0.91 0.63 2.10 0.33 2.69 
TAlk 20 49.06 43.03 55.09 45.35 36.75 89.28 12.89 1.93 
Na 19 6.84 4.99 8.69 6.24 2.85 21.45 3.85 3.26 
SO4 20 10.50 8.62 12.38 10.00 5.00 22.00 4.02 1.42 
COD 20 34.90 22.72 47.08 31.00 4.00 92.00 26.02 0.61 
O-PO4 20 0.27 0.19 0.35 0.28 0.00 0.78 0.17 1.16 
Free 
Cl 11 0.01 -0.01 0.04 0.00 0.00 0.10 0.03 2.79 
F coli 20 235.30 28.49 442.11 92.00 4.00 1624.00 441.88 2.71 
E.coli 20 349.50 23.91 675.09 110.00 6.00 2784.00 695.69 2.99 
F 
Strep 12 337.67 40.00 635.34 154.00 24.00 1472.00 468.50 1.81 
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Table 4.3: Descriptive Statistics for sample sites LRIN & LROUT continued 
Rivers In and Out 

 
 

Valid 
N Mean 

Confidence 
95% 

Confidence 
95% Median Minimum Maximum Std.Dev. Skewness 

River 
LR 

Out 

EC 21 22.98 21.29 24.67 21.70 18.40 32.50 3.72 1.26 
pH 21 7.10 6.98 7.22 7.10 6.40 7.61 0.26 -0.38 
Temp 18 19.60 16.60 22.60 20.55 8.60 31.70 6.02 -0.17 
SS 21 12.90 8.87 16.94 11.00 0.00 33.00 8.87 0.91 
TDS 21 143.10 128.89 157.30 141.00 84.00 226.00 31.21 0.64 
DO 17 79.64 73.68 85.60 81.40 59.20 95.20 11.59 -0.38 
Ca 20 6.96 5.95 7.98 6.15 4.66 11.11 2.16 0.62 
Cl 21 16.18 14.67 17.70 16.22 11.26 20.70 3.33 0.03 
Mg 20 10.75 8.96 12.54 10.71 1.44 20.61 3.82 0.23 
NH3-N 21 0.18 0.08 0.28 0.11 0.02 0.87 0.22 2.43 
NO3N 21 2.04 1.72 2.37 1.88 1.11 3.53 0.72 0.67 
K 20 0.98 0.84 1.12 0.98 0.64 1.90 0.30 1.72 
TAlk 21 81.04 67.77 94.31 68.92 58.65 184.90 29.14 2.75 
Na 20 6.64 4.12 9.16 5.41 3.13 28.27 5.38 3.78 
SO4 21 11.76 10.35 13.17 12.00 6.00 20.00 3.10 0.93 
COD 21 33.43 16.12 50.73 24.00 5.00 175.00 38.02 2.80 
O-PO4 21 0.25 0.18 0.31 0.24 0.00 0.62 0.14 0.67 
Free 
Cl 19 0.13 0.08 0.17 0.10 0.00 0.40 0.09 1.29 
F coli 21 442.48 -2.03 886.98 160.00 16.00 4560.00 976.52 4.11 
E.coli 21 601.24 47.87 1154.60 168.00 36.00 5360.00 1215.67 3.43 
F 
Strep 13 471.54 97.81 845.27 224.00 16.00 1808.00 618.46 1.28 
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Table 4.4: Descriptive Statistics for sample sites RBeforePP & RAfterPP     
  Rivers Before vs After PP 

  
 

Valid 
N Mean 

Confidence 
95% 

Confidence 
95% Median Minimum Maximum Std.Dev. Skewness 

River 
Before 

PP 

EC 22 41.69 39.21 44.17 42.65 30.30 48.80 5.60 -0.66 
pH 22 7.61 7.48 7.75 7.65 7.05 8.33 0.31 0.13 
Temp 19 19.25 16.52 21.98 21.10 8.10 26.80 5.66 -0.68 
SS 22 9.95 5.64 14.27 7.00 0.00 45.00 9.73 2.39 
TDS 22 213.36 191.58 235.15 230.00 125.00 274.00 49.14 -0.71 
DO 18 89.42 85.29 93.54 89.75 72.80 106.30 8.29 -0.28 
Ca 0 

       
  

Cl 0 
       

  
Mg 0 

       
  

NH3-N 22 0.14 0.06 0.22 0.08 0.01 0.71 0.18 2.44 
NO3N 22 1.05 0.82 1.28 0.88 0.45 2.10 0.53 1.01 
K 0 

       
  

TAlk 0 
       

  
Na 0 

       
  

SO4 0 
       

  
COD 22 38.86 29.23 48.50 36.00 6.00 79.00 21.74 0.36 
O-PO4 22 0.23 0.16 0.31 0.24 0.00 0.78 0.17 1.39 
Free Cl 18 0.05 0.03 0.07 0.04 0.00 0.15 0.04 1.23 
F coli 22 284.95 69.64 500.26 102.00 12.00 2136.00 485.62 3.02 
E.coli 22 391.18 49.69 732.68 152.00 4.00 3616.00 770.22 3.84 
F Strep 14 309.64 -63.14 682.42 38.50 0.00 2260.00 645.63 2.64 
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Table 4.4: Descriptive Statistics for sample sites RBeforePP & RAfterPP continued 
Rivers Before vs After PP 

 
 

Valid 
N Mean 

Confidence 
95% 

Confidence 
95% Median Minimum Maximum Std.Dev. Skewness 

River 
After 
PP 

EC 22 25.17 21.38 28.96 21.30 17.20 47.60 8.55 1.62 
pH 22 7.36 7.17 7.54 7.29 6.54 8.31 0.41 0.43 
Temp 19 20.75 17.72 23.77 22.20 9.50 33.60 6.28 -0.18 
SS 22 8.59 6.02 11.16 9.00 0.00 23.00 5.80 0.80 
TDS 22 159.91 134.31 185.51 146.50 82.00 307.00 57.73 1.15 
DO 18 83.47 79.56 87.37 82.70 69.30 97.50 7.85 0.20 
Ca 0 

       
  

Cl 0 
       

  
Mg 0 

       
  

NH3-N 22 0.38 0.12 0.64 0.13 0.01 1.86 0.59 1.95 
NO3N 22 2.17 1.71 2.64 1.98 0.59 4.21 1.04 0.55 
K 0 

       
  

TAlk 0 
       

  
Na 0 

       
  

SO4 0 
       

  
COD 22 34.32 25.46 43.18 31.00 3.00 73.00 19.98 0.45 
O-PO4 22 0.28 0.20 0.36 0.24 0.00 0.63 0.18 0.50 
Free Cl 18 0.07 0.05 0.10 0.07 0.02 0.15 0.05 0.36 
F coli 22 309.91 111.71 508.11 86.00 4.00 1360.00 447.03 1.52 
E.coli 22 448.18 94.41 801.96 128.00 8.00 3448.00 797.91 2.90 
F Strep 14 254.21 1.68 506.75 26.00 0.00 1448.00 437.38 1.88 
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Table 4.5: Descriptive Statistics for sample sites PPIN & PPOUT     

  Package Plant Before vs After 

    
Valid 
N Mean 

Confidence 
95% 

Confidence 
95% Median Minimum Maximum Std.Dev. 

Skew
ness 

PP 
In 

EC 19 53.00 48.00 58.00 52.00 38.70 78.00 10.00 1.16 
pH 19 7.00 7.00 7.00 7.00 6.30 8.00 0.00 0.68 
Temp 0                 
SS 19 299.00 175.00 423.00 252.00 2.00 870.00 257.00 0.76 
TDS 19 314.00 274.00 353.00 291.00 191.00 431.00 82.00 -0.03 
DO 0                 
Ca 0                 
Cl 0                 
Mg 0                 
NH3-
N 19 20.00 16.00 25.00 18.00 6.10 39.00 9.00 0.64 
NO3N 19 3.00 1.00 4.00 1.00 0.60 14.00 4.00 2.60 
K 0                 
TAlk 0                 
Na 0                 
SO4 0                 
COD 19 1406.00 524.00 2288.00 769.00 375.00 8391.00 1829.00 3.46 
O-
PO4 19 3.00 2.00 4.00 3.00 0.20 5.00 1.00 -0.16 
Free 
Cl 0                 
F coli 19 6879368.00 4007742.00 9750994.00 5600000.00 840000.00 18600000.00 5957921.00 1.16 
E.coli 19 7797842.00 4533403.00 11062281.00 6700000.00 890000.00 20850000.00 6772912.00 1.04 
F 
Strep 0                 
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Table 4.5: Descriptive Statistics for sample sites PPIN & PPOUT continued 
Package Plant Before vs After 

 
 

Valid 
N Mean 

Confidence 
95% 

Confidence 
95% Median Minimum Maximum Std.Dev. 

Skew
ness 

PP 
Out 

EC 20 65.00 62.00 69.00 65.00 53.00 88.00 8.00 1.18 
pH 20 7.00 7.00 7.00 7.00 6.20 8.00 0.00 -1.85 
Temp 17 21.00 18.00 25.00 22.00 10.90 33.00 6.00 -0.20 
SS 20 21.00 13.00 29.00 18.00 0.00 68.00 17.00 1.44 
TDS 20 279.00 251.00 308.00 289.00 148.00 436.00 61.00 -0.16 
DO 16 38.00 31.00 45.00 38.00 17.40 62.00 12.00 0.28 
Ca 0                 
Cl 0                 
Mg 0                 
NH3-
N 20 27.00 22.00 31.00 28.00 0.90 43.00 9.00 -0.98 
NO3N 20 2.00 1.00 2.00 1.00 0.50 7.00 2.00 2.69 
K 0                 
TAlk 0                 
Na 0                 
SO4 0                 
COD 20 152.00 119.00 184.00 135.00 50.00 322.00 70.00 0.80 
O-
PO4 20 4.00 3.00 5.00 4.00 0.00 7.00 2.00 -0.28 
Free 
Cl 18 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.74 
F coli 20 457.00 16.00 898.00 0.00 0.00 2472.00 942.00 1.73 
E.coli 20 487.00 14.00 959.00 0.00 0.00 2646.00 1010.00 1.73 
F 
Strep 0                 
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Appendix G 

Median Values
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Table 4.6(c): Median values for biological parameters of all sample 
sites 
Source F coli E.coli F Strep 

  LSD Median 52 88 36 
  LHD Median 82 134 34 
    

  
  

  L77AB: Median 0 0 10 
  L24JB: Median 0 0.5 0 
    

  
  

  LR In: Median 92 110 154 
  LR Out: Median 160 168 224 
          
  RBeforePP: Median 102 152 38.5 
  RAfterPP: Median 86 128 26 
          
  PP In: Median 5,600,000 6,700,000   
  PP Out: Median 0 0   
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Appendix H 

Statistical Tests
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Table 4.7 (a): Wilcoxon Statistical Test                       

  Medians River In vs Out Medians River Before vs After PP Medians PP In vs Out 

  
River 
In 

River 
Out Pairs 

Wilcoxon 
T p 

River 
Before 

PP 

River 
After 
PP Pairs 

Wilcoxon 
T p PP In 

PP 
Out Pairs 

Wilcoxon 
T p 

SS 5.5 11 16 23 0.019971 7.00 9.00 18 85 0.9826 252 18 19 3 0.000214 
NH3-N 0.05 0.11 17 31 0.03125 0.08 0.13 22 48 0.0108 18 28 19 10 0.000625 
NO3-N 3.1 1.88 19 0 0.00013 0.88 1.98 22 14 0.0003 1 1 19 39.5 0.025521 
O-PO4 0.28 0.24 18 83 0.913301 0.24 0.24 21 74 0.1492 3 4 19 27 0.006211 
F Coli 92 160 20 58 0.079323 102.00 86.00 20 96 0.7369 5600000 0 19 0 0.000132 
E Coli 110 168 19 63 0.19783 152.00 128.00 21 113 0.9308 6700000 0 19 0 0.000132 
Faecal 
Strep 154 224 12 34 0.69489 38.50 26.00 12 23 0.2094           
  

     
          

    
  

  Medians River In vs Out Medians River Before vs After PP Medians PP In vs Out 

  
River 
In 

River 
Out Pairs 

Wilcoxon 
T p 

River 
Before 

PP 

River 
After 
PP Pairs 

Wilcoxon 
T p PP In 

PP 
Out Pairs 

Wilcoxon 
T p 

SS 5.5 11 16 23 *  7.00 9.00 18 85   252 18 19 3 ***  
NH3-N 0.05 0.11 17 31 *  0.08 0.13 22 48 *  18 28 19 10 ***  
NO3-N 3.1 1.88 19 0 ***  0.88 1.98 22 14 ***  1 1 19 39.5 *  
O-PO4 0.28 0.24 18 83  0.24 0.24 21 74   3 4 19 27 **  
F Coli 92 160 20 58  102.00 86.00 20 96   5600000 0 19 0 ***  
E Coli 110 168 19 63  152.00 128.00 21 113   6700000 0 19 0 ***  
Faecal 
Strep 154 224 12 34   38.50 26.00 12 23             
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Table 4.7 (b): Sign Test                 

  River In vs Out River Before vs After PP PP In vs Out 

  
Non 
ties 

Percent 
< V p Non ties 

Percent 
< V p Non ties 

Percent 
< V p 

SS 16 81 0.02445 18 50 0.81366 19 5 0.00024 
NH3-N 17 82 0.01529 0 81.82 0.00558 19 89.474 0.00132 
NO3-N 19 0 0.00004 22 95.45 0.00005 19 21.053 0.02178 
O-PO4 18 50 0.81366 21 61.9 0.38270 19 78.947 0.02170 
F Coli 20 0 0.00002 0 

  
0 

 
  

E Coli 20 0 0.00002 0 
  

0 
 

  
Faecal Strep 12 17 0.04331 0     0     
  

        
  

  River In vs Out River Before vs After PP PP In vs Out 

  
Non 
ties 

Percent 
< V p Non ties 

Percent 
< V p Non ties 

Percent 
< V p 

SS 16 81 *  18 50   19 5 ***  
NH3-N 17 82 *  0 81.82 **  19 89.474 **  
NO3-N 19 0 ***  22 95.45 ***  19 21.053 *  
O-PO4 18 50  21 61.9  19 78.947 *  
F Coli 20 0 ***  0 

  
0 

 
  

E Coli 20 0 ***  0 
  

0 
 

  
Faecal Strep 12 17 *  0     0     
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Appendix I 

Data for Sample Sites
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Appendix J  

Borehole Assessments 
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Appendix K 

 Habitat Assessment 
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