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ABSTRACT

'0dour nuisance is increasingly becoming one of the major environmental problems in various

countries across the world, especially odour associated with wastewater (Alfonsin et al., 2015;
Schlegelmilch et al., 2005; Gostelow et al., 2001). As a result, the management of odour from
Wastewater Treatment Works (WWTW) has become one of the environmental challenges
besetting these facilities in recent times. The dispersion of odour across the physical boundary
of wastewater treatment facilities presents not only negative environmental impacts to the
natural environment, but also constitute a nuisance to surrounding populations. The Athlone
(WWTW) located in the urban City of Cape Town with high demographics and adjacent to
sensitive communities is thus not immune to poor air quality associated with WWTW activities
(Walton, 2005). The population growth due to rural-urban migration has further put severe
pressure on the facility and thus worsening the odour problem in the area. As a result,
complaints have been received by the City Council from the surrounding communities over
the last 20 years. In response to these complaints, the management of the WWTW introduced
an odour management system with a particular focus on the use of a biotrickling filter coupled
with the use of odour masking sprays. This management intervention was adopted in order to
control the odour emitted to the atmosphere from the facility (WWTW). While these measures
are said to reduce the prevalence of odour to the surrounding environment, it was, however,
not clear whether or not such management interventions have reduced odour emitted from
the treatment plant.

This research was premised on two postulations as an approach to analyse the effect of the
odour management plan adopted by the Athlone WWTW’s management and these are: 1) the
perceived experience of odour by the adjacent neighbouring communities and, 2) the
understanding of the inherent atmospheric dynamics (such as wind velocity, atmospheric
stability, inversion layer and ventilation) which influence odour dispersal in the area. The

research project argues that these two factors should be taken into account to ensure that the

1 Odour is a sensation that is perceived when a compound(s) (called odourants) stimulate sensory
receptors in the nasal cavity.
1



management of odour is sustainable. It is within this background that the research aimed at
assessing the management of odour at the Athlone WWTW and to find out, if at all, the
inherent local atmospheric conditions in the area and views of the surrounding communities
are incorporated into the management of odour from the plant. The methodological design
adopted in the study was case study approach. However, the atmospheric data (wind speed
and direction) was obtained from the South African Weather Service (SAWS). These variables
were analysed qualitatively and experimentally by the use of wind diagrams to provide insight
on Zatmospheric stability conditions, surface inversion and topographical properties, and how
these phenomenon influences odour dispersion. The study also reviewed previous odour
management reports produced by the Althone WWTW management. This type of data was
finally supported by data collected from the community by means of a community survey, face-
to-face in-depth interviews and qualitative observation. Some major findings from the study
revealed that the local weather of Athlone influences the dispersion of odour — facilitating
dispersion in the summer through high wind velocities, while impeding dispersion during winter
due to the presence of atmospheric stability conditions. Prevailing odours in this community
has led to a general feeling of displeasure amongst community members especially since the
management of the treatment plan does not include the local community in the decision-
making process. In spite of these, the facility’s management approach was found to be more
of a response driven nature even though it is ranked as a high-risk facility.

The study was crucial as such findings add to the existing knowledge in the field of
Environmental Management, Air Quality Management, Health and Safety Management and
Risk Assessment/Management. At a broader level, the study is interdisciplinary in nature as it
merges natural scientific approach with social science philosophical construct as an approach
to understand the effects of the WWTW odour management in Athlone.

Keywords: Odour, Atmospheric Stability, Air Pollution.

2 According to Tyson & Preston-Whyte (2002) stable atmospheric conditions are associated with poor air
quality due to the lack of ventilation in the atmosphere following the development of the inversion layer
leading to slow vertical movement of winds.
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CHAPTER ONE

INTRODUCTION

1.1. Background to the study

Recent research in the field of Environmental Management shows that there is constant
altercation on the notion of the effects of odour management from significant emissions such
as Oil Refineries and Wastewater Treatment Works (hereafter referred to as WWTW) on the
environment and neighbouring communities (Brooks et al., 2010, Lejano & Stokols, 2010;
Leonard & Pelling, 2010; Lebrero et al., 2011; Southern Wastewater Treatment Works, 2014;
Ground Work, 2014). This thesis reports on research aimed to assess the odour management
system adopted by the Athlone Wastewater Treatment Works to reduce the level of odour
emissions to the surrounding areas. The focus here is to understand whether or not the odour
management system takes into account the inherent local atmospheric conditions and views
of the surrounding communities as an approach to address air quality (odour) associated with
the day-to-day operation of the wastewater treatment plant. Such a consideration is crucial
when planning the management of odour because as Walton (2005) points out, the
characteristic of inherent local weather will either promote or inhibit atmospheric dispersion.
In this case, the extent of dispersion will influence impact thereof on the surrounding

environment; the people element.

While South Africa has, over the last 20 years, promulgated policies® and legislative
frameworks to curb poor air quality, experiences on the ground indicate that economically
challenged, vulnerable and previously marginalised communities continue to raise concerns
regarding their persistent exposure to the continuous odour emissions (Brooks et al., 2010).
This is a worrying concern, as Schiffman (1998:1343) argues that “odour could affect human
health through the toxicological effects of Volatile Organic Compounds (VOCS); or irritation of
the eyes, throat and nose; by neurochemical changes via stimulation of the sensory nerves”.
The critical question is how does the odour management systems adopted by these plants
address the issue of odour in the Athlone area? Owing to the continued escalation of WWTW'’s
and similar facilities, there is a need to critically examine the extent to which odour is managed

to minimise its effects on the ambient environment. For instance, the findings from a study in

3National Environmental Management Act (NEMA) 107 of 1998 which outlines principles that govern the
protection of the environment
The National Environmental Management: Air Quality Act of 2004 which ensures the protection of human health
and the environment
The National Ambient Air Quality Standards: Published in 2009 ensures that atmospheric emissions of particular
criteria pollutants are within limits set out in this legislation

1



Northern Germany on the relationship between livestock odours and neighbouring
communities (4,537 sample population) revealed that the level of odour annoyance was
inversely proportional to the quality of life of respondents. In these cases, the socio-economic
status of neighbouring residents was predominantly associated with high unemployment, low
educational status and inadequate access to essential amenities. Consequently, it was also
discovered that these communities have a high psychological prevalence of anger, tension,
depression, fatigue and confusion as well as reduced vitality as a result of annoyance from
livestock odour (Radon et al., 2004).

It is thus from this context that the study assessed the effects of the odour management on
the surrounding environment (people inclusive), with specific reference to the Athlone WWTW.
Given the history of the area and the fact that the adjacent communities were located in the
area as part of the Apartheid Spatial Planning*, it was crucial to understand how the current
WWTW’s managers deal with environmental injustices of the past. The research sheds light
on how the management of the facility internalises the externalities concerning odour

management.

1.2. The study area

The study was conducted in the Athlone WWTW which is located on the Cape Flats on the
east of the City of Cape Town with GPS coordinates Latitude: -33°57'14.76"
Longitude: 18°30'54". The extent of the treatment facility stretches 3.35km in length and is
bound to the north by the N2 Highway and the Vygekraal River where the “treated” effluent
from the plant is discharged (CoCT, 2009). On the western side, it is bound by the Cape
Peninsula Mountain range while the Bottelary Hills dominate the east side with the treatment
plant situated in a riverine valley (Taylor, 1972; Cowling, 1996). The plant is surrounded by
the residential community of Athlone, which has a predominantly Coloured population and

also considered as a previously disadvantaged low-income population (see Figure 1.1 below).

The facility was commissioned in 1923 to provide services to the Langa pump station, Epping,
Ruyterwatcht, Thornton, Northern Elsies River, Beaconvale, Parrow East and Northern
Athlone (CoCT, 2012). The primary function of the Athlone WWTW is to collect sewage water
from these areas, treat and then discharge the treated wastewater into the Vygekraal River in
accordance with the stipulated standards set by the Department of Water Affairs and

Sanitation (DWAS) formerly known as the Department of Water Affairs and Forestry (DWAF).

4 Apartheid Spatial Planning was based on the philosophy of separate development to create fragmented
spatial planning along racial lines where poor black communities were located in areas exposed to extreme
environmental risk (see Di Scott, 1999).



The plant has a capacity of 105 *Ml/d and the treatment method employed is the activated

sludge method with primary sedimentation and anaerobic digestion of sludge (CoCT, 2012).

Location of the Study Area

D Althon WW TW

Figure 1.1: Location of Study area (modified from Google Earth, 2016)

1.2.1 The Athlone WWTW operation and odour emission

The plant has been designed to remove excess biological phosphorus and nitrogen from
sludge. Sludge is dried on drying beds and shallow lagoons with no effective disinfection of
effluent (CoCT, 2012). The primary sludge is thickened by gravity, then anaerobically digested
and after that, transported through pipework to another site where it is treated and used for
agricultural purposes as fertilizers (CoCT, 2012). Odours can emanate from the thickening
sludge process or the anaerobic degradation of organic matter due to microbial action
(especially during unfavourable weather conditions- where wet conditions characterised by
low temperatures and low wind speed prevail). These processes release chemical substances
such as Hydrogen Sulphide, Ammonia and Toluene (Lebrero et al., 2011). These substances

5 Ml/day= Million litres per day



can be vertically and horizontally transported via air movements to sensitive communities
(residential community) adjacent to the plant thus posing odour nuisance in these communities
(DEAT, 2004; Southern Waste Water Treatment Works, 2014).

1.2.2. Climate and topography

The Athlone area, which is part of the greater Cape Town area, has a Mediterranean climate
characterised by warm, dry summers and damp cold winters with winds dominated by
northwesterly winds in winter and southeasterly winds during summer. Rainfall averages to
between 82 and 93 mm. Average daily temperatures in the summer (December - February)
reach up to about 26°C while in winter (June - August) daily temperatures average between
7-18°C (CoCT, 2014).

During the summer, southeasterly winds caused by a ridging anticyclone over the Atlantic
Ocean flow through the city. This has a diluting effect on pollution as a result of its high velocity
and atmospheric turbulence. In the winter, cold northwesterly winds flow over Cape Town
making conditions favourable for temperature inversion hence accumulation of pollution
(odour) (Walton, 2005; Jury et al., 1990).

Athlone has a complex topography, dominated by the Cape Peninsula Mountain range. Its
most spectacular feature is the Table Mountain which is bordered on the West by Signal Hill
and on the East side by Devil's Peak. These mountains drop, nesting the city in a flat low-lying
terrain (CoCT, 2011).

During the daytime, differential heating and cooling occur on slopes forming distinctive air
circulation patterns. The slopes absorb incoming solar radiation and warm the air above the
surface causing anabatic air flow upwards, while at night winds blow downslope. This air
flowing downwards warms adiabatically forming regional subsidence inversion preventing the
movement of air hence the dispersion of pollutants or odour at night. The mountain walls
together with the inversion layer trap pollutants (or odour) within the valley location through
the night, but as morning sets in with solar radiation, the condition starts reversing with
anabatic upward air flow (DEAT, 2004).



1.3. Motivation for the study

The scientific debates on the effects of the technical interventionist approach to odour
management have resurfaced over the last few years (Brooks et al., 2010). The issue of odour
management, especially at wastewater treatment facilities, has become crucial over the past
two decades due to heightened environmental awareness and expectation (McGinley, 1995;
Luginaah et al., 2002; Lebrero et al., 2011). Nevertheless, odour management is a complex
task. It is complicated because odour perception is subjective in its right as well as the fact
that the processes of odour measurement, characterisation and impact assessment are
fastidious (Gostelow et al., 2001a; Van Herreveld, 2004; Schlegelmilch et al., 2005; Estrada
et al., 2011). Further, the disparity between the scientific construct of odour management and
the ‘layman’ understanding of the process does not make the situation any less complicated
(Oelofse, 2003). Nonetheless, the role of science and technological innovation is to provide
insight to the state and society for more sustainable management (Barnett & Scott, 2007;
Brooks et al., 2010). Under these premises, the study was crucial to integrate both scientific
and social dimensions hence contribute to the body of knowledge on this subject. The study
is also crucial in the field of Environmental Management as it creates a debate on the
contestation between the scientific and social dimension of odour management. Furthermore,
Environmental Management is an interdisciplinary field of enquiry that fosters the triple helix
of sustainability based on an ecological, social and economic aspect of the environment.
These three aspects are addressed in chapter five of the National Environmental Management
Act (NEMA) 107 of 1998 under the principles of Integrated Environmental Management (DEA,
1998).

The realisation of this study may contribute to the understanding of odour management at
WWTW as an Environmental Management issue that needs to be addressed in an integrated

and holistic manner.

1.4. Statement of the research problem

The management system of odour associated with wastewater treatment has not received
sufficient attention from scholars. This is despite the fact that odour nuisance emitted from
Wastewater Treatment Works (WWTW) is increasingly becoming one of the significant
environmental problems experienced from the recent past, especially in rapidly growing cities
(Canovai et al., 2004; Sarkar & Hobbs, 2003). Increasing populations in urban cities mean an
increase in the amount of sewage to be treated and thus exerting enormous pressure on
existing wastewater treatment infrastructure. Owing to the complex nature of odour, recent
studies state that the management of odour and erratic air quality resulting from odour from
WWTW is becoming one of the challenging tasks besetting managers and technical experts

of these facilities (Jiang et al., 2015; Molinos-Senante et al., 2014; CoCT, 2011; Lebrero et al.,
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2011; Nicell, 2009; Schlegelmilch et al., 2005; Gostelow et al., 2001a). Albeit, the management
of odour has predominantly been driven by a scientific, if not a technocratic engineering focus
over the years especially with the complexity of odour perception given that it is subjective by
nature. In the case of the Athlone WWTW, a specific odour management plan was devised to
curb odour emitted from the wastewater treatment activities. The odour management plan
constitutes the treatment of odour using a biotrickling filter and the use of odour masking
sprays that go off periodically during wastewater treatment. Considering the location of the
plant at the foot of Table Mountain, cold northwesterly winds sweep over this region in the
winter thus bringing rains. After the rains, then comes cold anticyclones ridging eastward thus
creating stable atmospheric conditions which trap pollutants (odour) released near the surface
increasing the intensity of odour in the area (Jury et al., 1990). It is, therefore, critical that the
odour management plan adopted by the Athlone WWTW holistically manage odour. The
guestion is whether the plan takes into consideration the inherent atmospheric conditions that
influence dispersal of air pollutants (odour).

Recently, the Athlone WWTW has undertaken to upgrade the treatment facility to increase its
capacity and improve its efficiency. This upgrade was commissioned in 2009 after a
malfunction in the sludge handling mechanism occurred in November of 2008 (CoCT, 20125,
CoCT 2009). However, it was not clear whether or not the communities adjacent to the
treatment plant view odour as a significant environmental problem in the area. It is for these
reasons that the study set out to further investigate whether or not the odour management
system adopted by Athlone WWTW takes into account the current natural local atmospheric
conditions of the area as well as the impact on the surrounding communities for effective odour

management.

1.5. Hypothesis and research guestions

¢ Odour management at the Athlone WWTW is not holistic. It does not take into account the
relationship between prevailing atmospheric conditions and odour dispersion;
o There is a high prevalence of discontent within the neighbouring community about odour

levels.

The research questions are;

e How is odour from the Athlone WWTW managed?

6 CoCT 2012 documents the details of the Athlone WWTW. It specifically mentions the upgrade that was
commissioned after malfunctioning of the sludge handling mechanism which was addressed in media release
NO. 10/2009.



¢ How do the prevailing atmospheric conditions influence the dispersion of odour in the

area?
o What is the view of the communities towards the management of odour in the area?

1.6. Aims

This study aimed to investigate the extent to which odour is managed at the Athlone WWTW
and how this affects the neighbouring community.

1.7. Objectives

e To investigate how odour emitted from the Athlone WWTW is managed;

e To find out, if at all, if the local atmospheric conditions influence odour dispersion in

the area;

e To investigate whether or not the management of odour takes into account the
atmospheric conditions in an attempt to deal with odour and poor air quality in the area;

e To explore the opinion of Athlone community members about odour management at
the Athlone WWTW.

1.8. Structure of this report

This thesis is divided into seven chapters.

Chapter one introduces the study beginning with a brief background. The chapter also
presents the background to the study area by showing the location and the spatial footprint of
the Athlone WWTW that generates odour. The climate and topography aspect of the study
area in relation to the odour dispersal is presented. The motivation for the study, the statement
of the research problem, research hypothesis and research questions, as well as the aim and
objectives of the study, are presented in this chapter.

Chapter two locates the study within existing literature and delves into different thematic
areas which inform the study. This chapter discusses the meteorological factors that influence
the dispersion of odour and looks at the different ways in which odour management has been
conducted in WWTW over the years. Debates surrounding the ‘layman’ in the face of emerging
odour management at odour producing facilities are explored while looking at the dynamics of
land use compatibility amidst contrasting land uses in an urban setting.

In Chapter three, the research methodology is outlined with a detailed description of data

collection methods, sources and how collected data were analysed for the study. The



motivation for selection of research design and study approach about the nature of data that
was collected is presented. A description of ethical procedures mandatory for the study is
presented as well as the challenges encountered with data collection is detailed in this chapter.
The most challenging aspect of the data collection was the bureaucratic bottlenecks that had
to be overcome through the data acquisition process.

Chapter four deals specifically with the role of the weather in odour dispersion using surface
wind data from collected data from the Cape Town International Airport weather station by the
South African Weather Service (hereafter referred to as SAWS). This station is near the study
area hence is representative of the study area. Surface wind speed and direction in the study
area during winter and summer months were analysed by the use of wind rose diagrams
looking at diurnal, seasonal and interannual variability of surface wind characteristics from
2005 to 2016. The purpose of this analysis was to understand how surface winds in relation
to the topography influences odour dispersion in the study area. A notable highlight in this
chapter is that it shows a correlation of surface wind data with results of a community survey
in this study.

Chapter five presents results of collected data from all stakeholders who patrticipated in the
research (public officials, Odour Control Solutions staff, Athlone WWTW staff and Athlone
community members). Results presented are a summary of key findings from the study and
are presented under thematic areas addressing those aspects that informed the study while
answering research questions.

Chapter six reports on the analysis of surface wind data and its influence on odour dispersion,
as well as the results of a community survey and interview with key stakeholders in this
research. The analysis also identifies linkages of research findings with previous studies while
answering research questions. Data analysis is also presented along themes which informed
the study, the final results show a complete synthesis of research questions and objectives.
Chapter seven shows that the objectives of the study were met while concluding the study

with significant findings. This chapter also makes a recommendation for future research



CHAPTER TWO

LITERATURE REVIEW

2.1. Introduction

It is crucial to state first and foremost that the literature and conceptual framework informing
the research is located within the broader aim of the study which is to: evaluate the odour
management approach adopted by the Athlone WWTW. As indicated earlier in this thesis
there is limited academic analysis on the aspect of odour management with regard to
meteorological factors with specific reference to wastewater treatment plants in South Africa
(Lebrero et al., 2011). The sparse work done in South Durban Industrial Basin by Brooks et
al. (2010) and Barnett and Scott (2007) provide a basis to further interrogate the notion of
odour management and its effects on the surrounding environment (including people). The
point of departure of the literature review and a particular focus for the study broadly draws
from the following thematic areas to locate the study and these are;

e odour,

e sources of odour,

¢ climate and atmospheric dispersion potential over Southern Africa,
e elevated inversions,

¢ thermo-topographical influences of odour dispersion,

e odour and the local environment,

e nature of odour management in WWTW, and

e odour management and neighbouring communities and land use compatibility and

urban environmental quality.

Managing odours from wastewater treatment plants has become one of the critical
environmental challenges besetting these facilities for many past decades. In the past, odour
emissions associated with industrial processes were perceived as part of the process and
hence acceptable. However, in more recent times, following industrialisation coupled with
urbanisation, there is a significant increase of wastewater treatment facilities, and hence odour
has become an issue of environmental concern. As Canovia et al. (2004) and Sarkar and
Hobbs (2003) argue that people have become more resentful of odour, in particular, that which

is emitted from waste disposal facilities or treatment plants. Invariably, these facilities have an



odour management plan to manage odour emissions from the wastewater treatment

processes.

2.2. Odour

Odour, as defined by Schiffman and Williams (2005), is a sensation that is perceived when a
compound(s) (called odorants) stimulate sensory receptors in the nasal cavity. Gostelow et al.
(2001) concur with Schiffman & Williams (2005) that odour is the perceived effect of an
odourant by the olfactory system. Gostelow et al. (2001) further distinguish between odour
and the odourants by stating that an odourant is the substance(s) responsible for causing
odour while Schlegelmilch et al. (2005) articulates odours as a complex mixture of hundreds
of single odorous compounds that vary from industry to industry or facility. These odourants
will not constitute an odour nuisance except when they are transported from the liquid medium
(odour source) to the atmosphere where they are then carried via convection currents to
surrounding neighbourhoods (Lebrero et al., 2011; Gostelow et al., 2001). The transport of
odour from formation to its final receptors to where it constitutes a nuisance is summarised in
Figure 2.1. As can be seen in the diagram, the dispersion component is the link that exposes
the environment (people) to odour. However, what determines dispersion characteristics is a
function of the local conditions that obtain in the area. This will be dealt with in detail in

subsequent sections.
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|
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|
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Frequency of exposure
Duration of exposure
Intensity of exposure
Detection and perception
Time of the day/activity
Context
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Association with odour
Appraisal by receptor
Receptor characteristics
Perception of individual health
Annoyance
Receptor characteristics; Other ambient stressors
Coping strategy Noise
Attitude to ‘status quo’ Dust
Relation to source (economic) Crowding
Nuisance
Access to complain channel
Expected result of complain
Access to legal instruments
Complain action

Figure 2.1: Pathway of odour from production to receptors where it triggers complain and action
(UKWIR, 2014)

The common underlying factor that seems to run through all the definitions of odour is that
odours are caused by chemical compounds in a liquid medium that when released into the
atmosphere, is detected by the nostrils as a smell. In the case of a WWTW, the liquid medium
is the wastewater. As wastewater treatment takes place, chemical compounds (odorants)
escape into the atmosphere via evaporation into the air from where they can be perceived as

odour. Table 1 illustrates the significant odourants associated with WWTW.
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Table 2.1: Chemical constituents of odour and description adapted from; Bonnin et al. (1990); Brennan
(1993); Burlingame et al. (2004), Suffet & Rosenfeld (2007)

Chemical compound Odour description
Hydrogen sulphide Rotten eggs
Dimethylsulfide Decaying vegetation
Ammonia Decaying fish
Toluene Tar

Sulphur dioxide Pungent

Indole Faecal
Formaldehyde suffocating

Benzyl mercaptan Unpleasant
Diamines Decaying meat

2.2.1. Sources of odour (internal and external)

Internal sources of odours from WWTW include first settlers, sludge-digestion tanks, and
sludge thickening and dewatering units (Gostelow et al., 2001; Cele, N, 2015, Personal
communication, 30 March 2015). Figure 2.2 illustrates the wastewater treatment process,
showing which units are ideally targeted for odour control. It is essential to consider all
potential sources of odour emission when assessing odour management. It is important

because sources of escaping odours such as
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Figure 2.2: lllustration of activated sludge method coupled with biotrickling filter odour
treatment technology (Adapted from Civil digital, 2016)

windows, open doors, open delivery or system malfunction (Schlegelmilch et al., 2005) are
often overlooked, hence failing to ascertain the actual sources of odour. This results in
mediocre or less than adequate odour management.

External odour sources may comprise adjacent landfill sites, waste dump, animal feedlot which
together with the WWTW activities may form cumulative effects overtime and produce an
odour nuisance in that vicinity (Southern Wastewater Treatment Works, 2014). Determining
the odour source is therefore imperative for managing odour and averting odour nuisance in

sensitive communities.

2.3. Climate and atmospheric dispersion potential over Southern Africa

The fate of an air pollutant once released into the atmosphere is influenced by meteorological
characteristics of that area. These characteristics influence vertical movement (which is a
function of atmospheric stability and mixing depth) of air hence air pollutants as well as
horizontal movement (which is a function of the wind field) (Tyson & Preston-Whyte, 2000;
DEAT, 2004). Therefore, it is essential to examine the macroscale and mesoscale processes
to accurately determine the dispersion potential of the atmosphere at a particular place and
time. Macroscale processes include the general circulation over a region such as synoptic
systems while mesoscale processes include thermo-topographic influences over particular
areas (Preston-Whyte et al., 1977; Thomas, 2008).
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2.3.1. General synoptic circulation and weather over Southern Africa

The weather over Southern Africa is influenced by circulation systems in the tropics
(northward) and the temperate latitudes. It is also influenced by high-pressure systems which
constitute semi-permanent, sub-tropical high-pressure cells (Garstang et al., 1996; Tyson &
Preston-Whyte, 2000) (Figure 2.3). However, the central control of daily weather over
Southern Africa stems from subtropical, tropical and temperate controls (Tyson & Preston
Whyte, 2000).

Continental ant/icyclo/ne Ridging anticyclone

/ Y &

r/‘l H/I
/ H
/)

\\

H
AJ / \

Westerly wave/trough Cut-off low

"

Tropical easterly disturbances 1988-1992

NV

Figure 2.3: Major circulation systems affecting Southern Africa from 1988-1992 (Tyson et al., 1996)

The subtropical control is powered by the semi-permanent South Indian Anticyclone, the
Continental High and the South Atlantic Anticyclone (Figure 2.4). The occurrence of these
pressure cells creates very stable conditions and fine clear skies over Sothern Africa with the
highest frequency of occurrence (79%) in the winter months of June and July (Preston-Whyte
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& Diab, 1980; Tyson et al., 1996¢; Tyson & Preston-Whyte, 2000). Under these conditions,

pollution (and odour) dispersion is inhibited.
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Figure 2.4: Some important features of surface atmospheric circulation over Southern Africa (Blamey
& Reason, 2013)

Tropical controls, however, originate deep within easterly currents adjacent to an easterly jet
and may occur as easterly waves or lows. When occurring as an easterly wave, it may bring
instability conditions wherewith there will be a substantial uplift which may cause rainfall over
vast areas for a couple of days to the east of the trough coupled with northerly winds (Jury,
2013). The implication on pollution (and odour) dispersion is that instability conditions
produced by this system will enhance dispersion. With easterly lows, it tends to bring rainfall
with a northerly flow of air. Rainfall tends to clear the atmosphere of pollution (DEAT, 2004;
Guo et al., 2006)

Temperate control has been classified into six different classes. These classes do not occur

distinctively but may sometimes overlap one another to influence the prevailing weather
15



conditions. These classes are westerly waves, cut-off lows, southerly meridional flow, ridging

anticyclones, west coast troughs and cold fronts (Tyson & Preston-Whyte, 2000).

The peculiarity about westerly waves is that they converge behind the trough in the
southwesterly airflow direction while at 500hPa and above, they diverge to the east and ahead
of the trough line producing persistent but gentle uplift of air. As such, cloud formation, rainfall
and unstable conditions will prevail behind the surface trough while clear skies with stable

conditions develop ahead of the trough (Tyson & Preston-Whyte, 2000).

The temperate control in the cut-off lows class is an intense version of westerly waves. They
tilt to the west with height and are associated with strong convergence and vertical motion.
Moreover, as such, cut-off lows bring about unstable conditions that favour the dispersion of
pollutants (Tyson & Preston-Whyte, 2000).

As for the southerly meridional flow, they occur in a westerly wave at 500hPa resulting in
upward movement of air which sustains rainy conditions along the coastal and low-veld
regions of South Africa; while ridging anticyclones are formed when sharp pressure gradients
over the Indian Ocean and adjacent inland areas exist. As the pressure gradient reduces, the
change in curvature of flow, mesoscale orographic forcing and upper-level divergence in the
westerly wave combine to produce widespread uplift and sometimes rainfall or thunderstorms
over the eastern region while producing hot weather and clear skies in the western regions of
South Africa (Tyson & Preston-Whyte, 2000). This type of condition will prevent the dispersion

of pollutants hence accumulation at the source.

On the other hand, west coast troughs occur due to surface troughs of low pressure over the
west coast and an upper westerly wave to the west of the continent producing widespread rain
over the western region of South Africa. They converge at the surface and diverge at upper
levels ahead of the trough making the upward vertical motion of air pollutants possible (Tyson
& Preston-Whyte, 2000).

Finally, cold fronts are a significant determinant of weather in Southern Africa. They occur
together with westerly waves, depressions or cut-off lows hence an attempt to understand the
influence of cold front on weather in isolation may not be helpful. Cold fronts usually usher in
cold air from the south to south-west with characteristic episodes that last for a few days. They
occur in winter when the westerly is strongest (Tyson & Preston-Whyte, 2000). Coastal lows
allow for air from the interior to descend over the escarpment, and as it descends, it warms

up adiabatically and arrives as dry, warm air at the coast. Upon arrival of a cold front, the
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warm, dry air is pushed upwards with low-level convergence in airflow behind the front
promoting convection in the southerly direction and rainfall conditions over the coast. As the
cold air circulates over land, continental warm air surges beneath it, forming an inversion layer
with clear skies thus trapping pollutants and preventing dispersion below the inversion layer.
However, strong wind speeds associated with this system will enhance dispersion potential of
the atmosphere (Preston-Whyte & Tyson, 1989)

2.4. Elevated inversions

The dominant type of elevated inversions over Southern Africa is persistent absoluely stable
layers that are formed by dominant anticyclonic activities in the subcontinent (Tyson et al.,
1996a; Tyson et al., 1996b). As cold air sinks, it warms adiabatically, and its resultant
temperature becomes higher than that of the surrounding mixed boundary layer. This
temperature difference between the subsiding air and that of the mixed boundary layer depicts
an elevated subsidence inversion or absolutely stable layer(s) (Tyson et al., 1996¢; Tyson &
Preston-Whyte, 2000). An illustration of absolutely stable layers with corresponding circulation
types and the time of the year are presented in Figure 2.5. This is a common phenomenon in
the weather over Southern Africa (Sangeetha et al., 2018). Its implication collectively with
synoptic systems and weather disturbances on the pollution dispersion potential of the

atmosphere is discussed hereunder.

Elevated inversions prevent the vertical dilution of pollutants in the atmosphere while
restricting transport horizontally within the layers (Tyson et al., 1996a; Tyson et al., 1996c;
Tyson & Preston-Whyte, 2000; Freiman & Tyson, 2000; Tyson & Gatebe, 2001). They may
stretch continuously over long distances even across regions or subcontinents thus increasing
the pollution potential of the atmosphere (Tyson & Preston-Whyte, 2000; Freiman & Tyson,
2000).

Generally, over Southern Africa, four high inversion layers exist and are especially frequent
and persistent in the winter months. Over the escarpment, three of these layers are visible.
The first layer occurs at ~700 hPa (~3km in altitude) and persists for 6-7 days after which it is
broken by oncoming westerlies (Preston-Whyte & Tyson, 1973). The second layer occurs at
~500 hPa (~6km in altitude) and is even more persistent and can persist for periods of up to
53 days as was observed during the Southern Africa Fire-Atmosphere Research Initiative
(SAFARI) (Garstang et al., 1996). This layer is produced and sustained when subsidence
occurs on a large scale. The third layer occurs at ~ 300 hPa (~9km in altitude). At the coast,
the fourth inversion layer can be seen at ~800hPa (~ 1km in altitude) (Cosijn &Tyson, 1996;
Tyson et al., 1996¢; Freiman & Tyson, 2000; Tyson & Gatebe, 2001). This layer increases
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with height from the coast towards the hinterland. On the western region of the subcontinent,
this layer rises and merges with the ~700 layer over the escarpment around Springbok while
on the west side, it ends against and below the escarpment (Cosijn &Tyson, 1996). The

elevated inversion layers are shallow with depths varying between 51hPa and 68hPa (Cosijn
&Tyson, 1996).
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Figure 2.5: stable layers over South Africa grouped into circulation type and time of year. Gray
shaded boxes represent absolutely stable layers with base heights (95% confidence limits) and
depths (a) for spatial distribution across South Africa, (b) by circulation type, and (c) by the time of
year. (d) Locations of stations. The results are based on the analysis of a total of 2925 radiosonde
ascents taken over the period 1986-92 (Tyson et al., 1996c)
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It has been shown that circulation changes do not affect the formation of elevated stable layers
as a result of the anticyclonic nature of circulation that dominates the area (Cosijn &Tyson,
1996; Freiman & Tyson, 2000). Even with the passage of a cold front or westerly waves,
elevated stable layers persist while prefrontal conditions lower the base of the elevated layers
hence reducing mixing height (Cosijn &Tyson, 1996). As the cold front passes, the mixing
height begins to increase slowly in the interior of the escarpment (Preston-Whyte & Tyson,
1989). The only system that disrupts or dissipates the formation of absolutely stable layers is
the occurrence of a rapid moving and deeply unstable system (Cosijn &Tyson, 1996; Freiman
& Tyson, 2000). Such conditions occur ~18% of the year producing ~86% annual rainfall over
the interior escarpment. Even though this condition ensures local dissipation of absolutely
stable layers, temporal and spatial dissipation may not be as significant (Cosijn &Tyson, 1996;
Freiman & Tyson, 2000).

2.5. Thermo-Topographic influences

These include influences driven by temperature and topographic variations in the wind field.
South Africa is situated in the high-pressure anticyclonic belt hence it is characterised (to a
great extent) by high subsidence, inversion, low winds and clear skies (cloudlessness). As
such, it experiences high temperatures during the day with differential heating on different
topography and shallow temperatures at night. As a result, a pressure gradient develops with
local and mesoscale thermo-topographic influences (Held et al., 1994; Piketh, 1995; DEAT,
2004)

2.5.1. Topographically induced winds

In areas where the topography is not plain or smooth, a wind type may develop that is referred
to as topographically induced winds. They can be divided into the following three categories;

slope winds, valley winds, regional mountain-plain winds (DEAT, 2004).

Slope winds come about as the air circulates through the walls of a slope. During the day, the
sides of a slope receive more insolation and heat up faster than the floor of the valley. As
such, a pressure gradient develops which creates a circulation within the valley cross-section
resulting in an anabatic (upward) flow of air. At night, the walls of the slope cool faster than
the valley floor again generating a pressure gradient which creates a circulation within the

valley cross section, but this time, air flow is katabatic or downward (Figure 2.6) (DEAT, 2004).
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Figure 2.6: Diagrammatic representation of anabatic and katabatic flow associated with slope winds
(Fire Weather, 2016)

Valley winds blow to and fro along the length of the valley (Figure 2.7). During the day, these
winds blow up the valley and are thus called valley winds, and at night they blow down the
valley (mountain winds) (DEAT, 2004).
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Figure 2.7: Schematic representation of valley winds coupled with slope winds (DEAT, 2004)

20



At night, cold dense air sinks towards the floor of the valley while lighter warm air remains
above the cold air creating a valley inversion. Warm air continues to rise with descending cold
air pushing it up until the cold air fills the valley. As a result, the valley inversion occurs from
the valley floor to the slope, replacing mixing layer as it causes low-level stability (Preston-
Whyte & Tyson, 1989; Stull, 1997). Surface stability in combination with elevated inversion
traps pollutants (odour) within the valley atmosphere (Figure 2.8). As a mixing layer begins to
develop slowly, fumigation conditions develop with the valley inversion acting as a blanket,
trapping pollutants beneath the inversion layer. With incoming solar radiation in the morning,
inversion layer begins to dissipate as surface temperatures increase. Hence the highest
ground level pollution (and odour) concentrations are experienced at night and early mornings
(Rautenbach, 2006).
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Figure 2.8: Idealized evolution of the cross-valley circulations during a diurnal cycle (Stull, 1997)

Regional mountain plain-winds develop when mountain (valley) winds in an area with highly
contorted topography or juxtaposed with mountains and valleys deepen and overflow to the
surrounding terrain across regions. Such wind on a regional scale during the day is called
plain-mountain winds, and at night, it is called mountain-plain winds (DEAT, 2004). These
winds significantly contribute to the long-distance transport of pollutants whereby pollutants
originating far inland are transported to the coast only to be recirculated back to land by sea
breezes (DEAT, 2004).
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2.6. Odour and the local environment

The local atmospheric conditions play a crucial role in determining the dispersal of air
pollutants (including odour) released into the atmosphere from any emission source (Walton,
2005). According to Tyson and Preston-Whyte (2000), the vertical and horizontal motion of air
pollutants from emission sources is mostly influenced by the atmospheric stability inherent in
a particular locality. This includes the variations in mixing depth as well as atmospheric
circulation patterns and transport of air pollutants once released into the atmosphere.
Atmospheric stability under normal atmospheric conditions (i.e. without massive lateral wind
motion) is best determined by comparing the temperature of the ambient air molecule-
Environmental Lapse Rate (ELR) with the temperature of a rising or sinking parcel of air
molecule- Dry Adiabatic Lapse Rate (DALR) or the Saturated Adiabatic Lapse Rate (SALR) if
this air has risen above condensation level or dew point temperature (Tyson & Preston-Whyte,
2000).

In this case, the ELR is the rate at which the temperature of ambient air changes with respect
to height while the DALR is the rate of change of the temperature of a parcel of rising or sinking
dry air within the air environment and the SALR is the rate of change of temperature of a rising
or sinking parcel of saturated air (DEAT, 2004).

If the ELR is higher than the DALR, the air is therefore dense, and thus sinks with the pull-
down force of gravity. This atmospheric phenomenon will lead to stable atmospheric
conditions and slow wind movement (wind speed) (DEAT, 2004). Concerning air pollutant
dispersion under stable atmospheric conditions, air pollutant dispersion is restrained and thus
leads to poor air quality in the area. As Tyson and Preston-Whyte (2000) describe, stable
atmospheric conditions are acuter in riverine valley areas during late afternoons or evenings
to the early morning before incoming solar energy from the sun. This is due to the katabatic
flow (downwards movement) of cold winds from the mountain displacing warm air which
eventually sits on top of the cold air in the surface of the tropospheric layer of the atmosphere
(as previously discussed under slope winds). This layer is sometimes referred to as the “mixing
layer” as it is responsible for the transportation of air molecules during the daylight. Figure 2.9
illustrates how a parcel of dry air behaves with height. At a particular altitude (Zi) the
temperature of a parcel of dry air (Tp) is less than the temperature of ambient air (T¢). This
means the parcel of air molecules is denser than the surrounding air molecules and will,
therefore, sink due to the pull-down effect of gravity. This atmospheric phenomenon will lead
to stable atmospheric conditions. Concerning the behaviour of air pollutants (odour) under
stable atmospheric conditions, dispersion of pollutants is restrained and thus leads to poor air

quality in the area.
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Figure 2.9: Stable and Unstable atmospheric conditions in tropospheric layer of the atmosphere
(Source: Tyson & Preston-Whyte, 2000)

Conversely, if Tp is greater than Te, the air will be less dense and thus rise (Figure 2.9 right).
This phenomenon will lead to unstable conditions where movement of air molecules is
unrestrained leading to dispersal of pollutants and odour during the emission episode (DEAT,
2004). These atmospheric conditions are summarised as follows:

ELR > DALR = dry unstable conditions

ELR = DALR = dry neutral conditions

ELR < DALR = dry stable conditions (DEAT, 2004).

Conversely, in a saturated environment if the ELR is less than the SALR it will lead to wet,
unstable conditions, and when the ELR is greater than the SALR, this leads to stable wet
conditions. When the ELR is equal to SALR, this leads to wet neutral conditions. That is
ELR>SALR= wet unstable

ELR=SALR= wet neutral

ELR< SALR= wet stable (DEAT, 2004).

As shown in Figure 2.10, at a particular altitude Z the temperature of a parcel of saturated air
(Ts) is higher than the temperature of ambient air Te hence less dense and thus will rise. This
phenomenon will lead to unstable conditions characterised by vertical and horizontal air
movement. During this atmospheric condition, air rises and disperses removing pollutants
from the source of emission leading to improved air quality in the area. In the same way, during
unstable atmospheric conditions, air will rise and disperse, removing odour from emission

source thus improving air quality in the area (DEAT, 2004).
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Figure 2.10: Atmospheric Stability in a Saturated Environment (source: Tyson & Preston-Whyte, 2000)

When the atmosphere is entirely unstable, the air is unstable whether it is dry or saturated and
when the atmosphere is absolutely stable, the air is stable whether it is dry or saturated.
However, when the ELR lies between the DALR and SALR, and this leads to conditional
stability. That means that stability will depend on whether the air is saturated or not (DEAT,
2004).

Conditions for atmospheric stability include; type of inversion, stable layer, mixing height and
daily temperature range (DEAT, 2004). Incoming solar radiation heats up the earth surface
and the air above the earth surface causing thermal turbulence leading to unstable conditions,
which causes air pollutants to disperse. The depth of mixing (which depends on the intensity
of solar radiation) is crucial in determining the extent and magnitude of air pollution and odour
in a particular episode (DEAT, 2004). Atmospheric circulation patterns are a combination of
atmospheric forces, which govern wind speed and direction. These include the wind-force
relations, which occur when there is differential solar heating of the Equatorial and the Polar
Regions causing warm light air to rise while cold dense air sinks hence causing air movement
from the cooler to the warmer region at the surface and an upward movement of air from the
warmer to the cooler region (Tyson & Preston-Whyte, 2000). At mesoscale, the Coriolis force
is another force which influences atmospheric circulation patterns and occurs as a result of
the rotating action of the earth on its axis (Barry & Chorley, 2009). Other forces which influence
atmospheric circulation include friction force, Hadley cell, momentum, resonance and Cellular
flow (Barry & Chorley, 2009).

Itis, thus, for this reason that atmospheric conditions influence pollutants or odour dispersion.
Such atmospheric elements as wind speed, wind direction, temperature, relative humidity,

solar radiation, cloud cover and precipitation play a critical role in determining pollutant
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dispersal (DEAT, 2004; Walton, 2005; Guo et al., 2006;). In this context, strong wind velocity
(speed and associated wind direction), as opposed to weak wind velocity, is invariably
associated with the high dispersal of pollutants. However, on the other hand, the presence of
the inversion layer (i.e. increase in atmospheric temperature with height) on top of the cold
layer usually prevents upward movement of air hence trapping pollutants (odour) close to the
surface of the earth. This usually happens during still weather conditions in winter and is most
robust during early mornings and late evenings. As solar radiation peaks by noonday,
inversion conditions become reversed because high temperatures during the day promote
convective mixing which leads to dispersion of pollutants (Tyson & Preston-Whyte, 2000). In
this case, the solar radiation is responsible for temperature increases as well as a catalyst for
photochemical reactions. Cloud cover reduces the amount of incoming solar radiation during
the day and prevents the escape of infra-red radiation at night causing a surface inversion,
which is a condition that inhibits the dispersion of pollutants in the atmosphere. Precipitation
is the process through which pollutants can be washed out of the atmosphere as rain (DEAT,
2004; Guo et al., 2006).

Therefore, the atmosphere may promote or inhibit pollutant (odour) dispersion depending on
the prevailing local meteorological conditions (Tyson & Preston-Whyte, 2002; DEAT, 2004).
In other words, given the best odour treatment technologies without taking into consideration
when the atmospheric dispersion is optimum, the odour management effort will be
unsustainable. As mentioned earlier, these concepts are well established theoretically. A
comprehensive knowledge of how these factors influence pollutant (odour) dispersion is
necessary for the holistic management of odour in the Athlone WWTW and a sustainable effort

at odour management and treatment.

2.6.1. Linking atmospheric stability and air pollutant dispersion

Pollution from a stack is dispersed in a variety of patterns (as displayed by characteristic

plume) depending on the nature of the atmosphere (see Figure 2.11).
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Figure 2.11: Different stability states and corresponding dispersion patterns (DEAT, 2004)

When unstable conditions prevail with turbulent eddies, pollution from a stack is dispersed in
a looping plume, moving up and down away from the source. With this plume type, there is a
high probability of it being intercepted at the surface leading to brief periods of high
concentration near ground level (DEAT, 2004).

Under a neutral atmosphere, pollutants from a stack will be dispersed in a coning plume.
Coning plumes are stable with small-scale turbulence. Pollutants travelling through such a
plume tend to travel long distances before reaching ground levels at an insignificant amount.
For example, effects of pollution originating far inland may be experienced at the coast through
coning plumes (DEAT, 2004).
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A fanning plume occurs when pollutants from a stack are released under stable conditions. As
such, the height of a fanning plume is relatively small as vertical dispersion is inhibited, but

horizontal dispersion follows the wind flow (DEAT, 2004).

When the stack discharging the pollutants is above an inversion layer, a lofting plume
discharge pattern ensues. As such, pollutants are prevented from downwardly penetrating the
inversion layer, hence are lofted upwards in a lofting plume (DEAT, 2004). Such a condition

will ensure minimum ground level impacts of pollution.

The fumigating plume dispersion pattern occurs when an inversion layer exists above the
plume preventing vertical dispersion, and where unstable conditions exist below the plume.
High pollutant concentrations, therefore, occur at ground level. This plume type is prevalent
with incoming solar radiation in the mornings as stable conditions of the night begin to
dissipate, turning fanning plume of the night into fumigating plume. This situation is usually
short-lived (DEAT, 2004).

2.7. Nature of odour management in WWTW

2.7.1. Historical management of odour in WWTW

Historically, odour emitted from wastewater treatment plants has been treated using
physicochemical methods such as scrubbing, adsorption, condensation, and oxidation.
Biological treatment methods with its efficient, cost-effective and environmentally friendly
options only emerged about two decades ago and have since gained popularity the world over
(Kennes & Thalasso, 1998). Odour management ideally should take a holistic approach
whereby all emission sources are identified, dispersion patterns characterised, and
appropriate treatment technologies selected depending on the composition, amount,
temperature, moisture and particulate content of the odorous emission (Schlegelmilch et al.,
2005). When identifying emission sources, it is essential to consider all potential leaks and not
just apparent pathways as failure to do so may defeat the odour management plan
(Schlegelmilch et al., 2005). Dispersion patterns would be either vertical or horizontal
depending on air movements which in turn are influenced by atmospheric conditions inherent
in a particular locality (DEAT, 2004). Some common odour treatment technologies that have
recently been discovered and widely used in various countries across the world include;

e Absorption- chemical absorption, physical absorption (Buonicore, 1992b; Freudenthal

et al., 2005);

e Adsorption- uses different adsorbents such as activated carbon, activated alumina,

silica gels, and zeolites (Anguil, 1998)
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¢ Biological waste gas treatment- bioscrubbers (Kennes & Thalasso, 1998), biotrickling
filters (Cox & Deshusses, 1998), biofilters (McNevin & Baford, 2000), and activated

sludge diffusion reactors (Burgess et al., 2001);

e Waste gas incineration- thermal afterburners, catalytic incinerators, regenerative
thermal oxidation (RTO) (Schlegelmilch et al., 2005; Lebrero et al., 2011);

e Non-thermal oxidation process- Ozone, UV, non-thermal plasma (Schlegelmilch et al.,
2005; Lebrero et al., 2011).

In a review by Estrada et al. (2011), a comparative analysis of seven odour treatment
technologies was performed using the IChemE Sustainability Metrics which is the triple bottom
line approach- environmental performance, process economics and social impact.
Consequently, a range of environmental indicators is now used to assess environmental
performance while the economic and social assessments are still lagging behind (Brooks et
al., 2011; Estrada et al., 2011). This is crucial as more studies reveal that chemical scrubbers,
incinerators, adsorption systems (physical/chemical technologies) pose more environmental
impacts in terms of energy, material and reagents consumption, and hazardous waste as
opposed to biofiltration, biotrickling filtration, activated sludge diffusion, and biotrickling
filtration coupled with activated carbon filtration (biological technologies). With regard to
process economics, biofiltration and biotrickling filtration presented lowest operating costs
while the social assessment presented social benefits in odour abatement technologies
regarding a reduction in odour nuisance and improvement in the occupational health of
WWTW staff. The hybrid technology presented the highest social benefits (Estrada et al.,
2011).

2.7.2. The biotrickling filter technology

In the biotrickling filter, odorous air comes in through a gas inlet into a packed bed (support).
This packed bed is continuously supplied with liquid hence as the odorous air passes through
the packed bed, pollutants (odorous compounds) in the air are dissolved in the trickling liquid
film and made available to the microorganisms growing on the surface of the bed. The packed
bed is made of plastic raschig or pall rings and saddles (Revah, & Morgan-Sagastume, 2005;
Lebrero et al., 2011, Estrada et al., 2011; Alfonsin et al., 2015). The liquid medium supplies
the biofilm with moisture, nutrients, optimum pH and facilitates the removal of inhibiting
products. A simplified illustration of the principle of biotrickling filters is presented in Figure
1.13. Ideally, a biotrickling filter should control the growth of microorganism population in the
biofilm to achieve an optimally functioning technology. Failure to do so may result in excess

microbial growth in biofilm hence competition of scarce resources leading to microbial death

28



and ultimately clogging the system (Revah, & Morgan-Sagastume, 2005). In such cases, the
system will have to be shut down and cleaned up before odour treatment can re-commence
(Deshusses & Gabriel, 2005).

The air flow may be directed upflow hence countercurrent to the liquid flow, or it may be
directed downflow (co-current with the liquid flow). Either way, there is no difference as
research has shown that it may only differ if stripping in the incoming liquid (with counter
current) configuration is taking place (Gabriel & Deshusses, 2003). The bed is also porous
with the low specific surface (100-400m?m™3) maintaining a low pressure while preventing
clogging (Gabriel & Deshusses, 2003).
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Figure 2.12: Schematic representation and principle of a biotrickling filter technology (Deshusses &
Gabriel, 2005)

It has been said that biotrickling filters work because of the degrading action of
microorganisms on pollutants. In the case of H.S and ammonia removal, the microorganisms
(autographs) use the pollutants as a source of energy while extracting carbon from carbon
dioxide for growth. Albeit, biotrickling filters contain a wide variety of microorganisms similar
to that characteristic of wastewater treatment process. These microorganisms responsible for

pollutant degradation in the biotrickling filter are aerobic (Deshusses & Gabriel, 2005).

However, if the biofilm becomes too thick, due to excess growth of microorganisms, only a
fraction of the biofilm will be active due to mass transfer inhibitions. In such cases, the active

primary degraders will constitute only a minor fraction of the biofilm (Deshusses & Gabriel,
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2005). The thickness of the biofilm is controlled by the action of secondary degraders that feed
on predators feeding on primary degraders, as well as metabolites, and biopolymers (Figure
2.12). Secondary degraders also function in nutrient recycling in the biofilm (Cox & Deshusses,
1999; Woertz et al., 2002; Won et al., 2002).

Conclusively, Estrada et al. (2011) show that the biotrickling filtration and activated sludge
diffusion are the most preferred technologies in treating odours in WWTW regarding their low
environmental impact, high deodorisation performance, and low Net Present Value. Results
from Estrada et al. (2011) study resonate with works conducted by others (Deshusses, 1997,
Iranpour et al., 2005; Lebrero et al., 2011). The authors present a conclusive comparative
analysis that can be used as a guideline for designing an odour management plan or when
selecting odour treatment technologies for WWTW. Findings of the study would prove useful
to WWTW and other odour emitting facilities. Worthy of note is that the treatment method
employed at the Athlone WWTW is the biotrickling filter (CoCT, 2012) which, according to
Estrada et al. (2011), is one of the best treatment methods regarding cost, social and
environmental performance. Though acclaimed for its high environmental performance, the
guestion is; does it take into account the broader environment? This research sought to

address such questions.

2.7.3. Masking odour from WWTW

Albeit the presence of an odour treatment technology, it might not wholly achieve the purpose
of avoiding odour nuisance to residential communities due to odours from fugitive sources and
other WWTW process units that cannot be covered due to procedural constraints. Hence the
use of masking sprays to supplement odour control by the odour treatment technology (Sutton
etal., 1999; Bruchet et al., 2009). The process of masking odours is to use a stronger molecule
to suppress the odorous molecules (Corbitt, 1990; Planker, 1998; Smet & van Langenhove
1998). Masking solutions are usually made from essential oils such as vanilla, citrus, pine,
floral or terpenes (Revah, & Morgan-Sagastume, 2005). Once the masking solution is released
into the atmosphere (in the form as a misting spray), it engulfs and neutralises the odour
molecule in a chemical reaction which permanently destroys the odour molecule. A common
masking compound that is widely used and has gained popularity especially in odour control
in WWTW is called air solution. It is acclaimed for being environmentally friendly and safe to

use (Ecolo web page, 2016).

Therefore, as part of an odour control strategy, the management of odour producing facilities
such as WWTW install air solution misting systems around the facility fence line as well as

around process units notorious for odour emissions. These systems will then go off periodically
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throughout the day to cover the periods when people are awake, typically between 6 am to 10

pm (Ecolo web page, 2016).

2.7.4. Policy and regulatory frameworks governing odour management
National Environmental Management: Air Quality Act 39 of 2004 (NEMAQA)

The National Environmental Management Air QualityAact focuses more on control at the level
of the receptor with main objectives to;

o Guarantee the right to an environment that poses no harm to one’s wellbeing or health;

and

o Protect the environment by use of reasonable legislature and other measures that
ensure i) the prevention of pollution and ecological degradation ii) conservation iii)
ecologically sustainable development and natural resource consumption while
ensuring justifiable social and economic development (Southern Wastewater
Treatment Works, 2014).

Section 35 of this Act states that measures should be taken to prevent offensive odours
emanating from activities without any specific applications to the measures to be taken.
Interestingly, Wastewater Treatment Works is not a listed activity in the national list of activities
with minimum emission requirements. Listed activities are defined as activities which “result
in atmospheric emissions and are regarded to have a significant detrimental effect on the
environment, including human health” (DEA, 2013). These activities have been identified by
the Minister of Environmental Affairs-Bomo Edith Edna Molewa and have been ascribed
minimum standards. A licence must be obtained from the relevant authority (municipal
government) before any such activity can be carried out (Southern Wastewater Treatment
Works, 2014).

National Ambient Air Quality Standards

The national ambient air quality standard is the working document which ensures that
atmospheric emissions do not exceed set standards thus protecting the receiving environment
(humans and the ecosystem at large). It indicates how much of a particular atmospheric
emission is safe on a daily basis taking into consideration age differences of receptors. These
limits are set on specific averaging periods such as 1-hour average, 24-hour average, 1-month
average, and annual average (Southern Wastewater Treatment Works, 2014).

This guideline does not set any ambient standard for one of the primary odour producing

compounds associated with wastewater treatment- Hydrogen Sulphide (H.S). Therefore,
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monitoring of odour management will not be based on any tangible criteria making the already

complex nature of odour management even more complicated.

2.8. Odour management and neighbouring communities

Findings from research have pointed out that it is vital for affected populations to have access
to information as well as be part of the decision-making process on issues that affect them
and their environment (Owens, 2000; Freudenburg, 2001; Renn, 2001). Individuals are also
increasingly becoming environmentally aware and hence have a certain expectation of the
kind of environment they want to have in their backyards (Lebrero et al., 2011). As a result,
communities near odour producing facilities are demanding to be involved in improvements
such as odour management at such facilities (McGinley, 1995). Brooks et al. (2011) argue that
such a demand is inevitable as odour or poor air quality is an environmental issue that
transcends physical boundaries and as such its solution must target the environment in its
entirety (including people). Further, most of the tools acclaimed for achieving sustainable
development (such as Environmental Impact Assessment-EIA) enshrined in the
environmental legislation (NEMA) propagate public participation (Soneryd, 2004). The
involvement of the neighbouring communities or affected communities in the management of
odour is crucial in dealing with the complex nature of odours emitted by the treatment plants.
It is for these reasons that debates have arisen in communities adjacent to odour emitting
facilities such as WWTW, refineries and animal husbandry (Schiffman, 1998; Luginaah et al.,
2002; Brooks et al., 2010). Of particular importance, Luginaah et al. (2002) in their article
entitled: Community responses and coping strategies in the vicinity of a petroleum refinery in
Oakville, Ontario- further point out that community members get frustrated due to lack of
response to their complaints of the risk they are exposed to. This, therefore, raises the
guestion why people continue to reside in these places despite the odour nuisance they are
so concerned about? The answer to this question lies (in part) in how ‘lay people’ (the people
experiencing the risk) understand or perceive risk. As Oelofse (2003) articulates, it involves
taking into consideration culture, socio-economic conditions and historical background of
these communities. Oelofse (2003) also argues that the South African apartheid history
created spatial patterns which marginalised Black people in all aspects of spatial planning.
This exclusion, Oelofse (2003) argues, may leave these people feeling like they have little or
no choice but to put up with their present living conditions. Looking at it from another angle,
Oelofse (2003); Leonard et al. (2010); Scott et al. (2002) point out that community members
continue to reside in these communities in a bid to state their displeasure to odour
management approach and demand for social and environmental justice. These elements

constitute the core of Environmental Management ensuring that communities are involved in
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project planning or odour management for a sustainable solution regarding air quality (Barnett
& Scott, 2007).

Barnett and Scott (2007) argue that the role of science is to provide expert insight to the state
and society which is used to make informed decisions with regard to Environmental
Management in particular and the broader environment in general (Barnett & Scott, 2007).
Brooks et al. (2010) agree with Barnett and Scott (2007) that from an Environmental Risk
Assessment standpoint, this will provide information to the community on the risks the odour
management (or absence thereof) poses. That is the role of science in providing insight that
would better help the 'layman’ understand the risks he is faced with. For example, an odour
management plan would ideally conduct an assessment of the risks the odour management
plan may pose to the ‘layman’. However, this is hardly ever the case. Bush et al. (2001) and
Szerszynski (1999) further agree and add that communication of findings from risk
assessment is usually politically motivated and masked with hidden agendas without
successfully implementing any intervention. As a result, people have lost confidence in the
promise of science to solve problems (Bush et al., 2001; Szerszynski, 1999). Further, there is
a gap between the traditional scientific construct of risk and what constitutes a risk to the
‘laymans’ everyday experiences that are often overlooked in the conventional risk assessment
process (Brooks et al., 2010). In the case of South Durban Basin, residents have little or no
understanding of science because science has failed to communicate risks to them efficiently
and they do not trust the so-called methods employed by polluting companies to manage
hazards (Brooks et al., 2010).

Elsewhere, conflicts emerging around risk and risk perception have been driven by
understanding (or lack thereof) of the principles that constitute risk perception such as
fairness, equality, values and morals (Wester-Herber, 2004). It is only fair that people whose
lives and well-being will be affected by development or management be involved in the
decision-making process. However, not everyone is as optimistic about the inclusive
approach. For instance, Soneryd (2002), and Rowan (1994) have argued that just because a
process is open for public participation does not guarantee that the decision will be fair or just.
Albeit, research has shown that decision making processes around risk and risk
communication that included public participation have led to far better, fair and balanced
decisions (Wester-Herber, 2004). Despite these improvements, Wester-Herber (2004) still
argues that there still exist limitations in expressing and understanding risk as experienced by
the ‘layman’. Gregory et al. (2001) presented the argument that a place, product or technology
can be stigmatised. Unpacking this element of stigma of places, products or technologies,
Wester-Herber (2004) purports that it is usually associated with areas where environmentally
hazardous activities are taking place. For example, a place could be stigmatised because of

the odour that is a characteristic of the area, because of an industrial activity and by extension;
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people from that area become stigmatised because of their association with that place which
identifies them (Gregory et al. 2001).

Stigma in this sense can evoke conflict around the question of justice, fairness, the risk to the
environment, health and wellbeing and even loss of commercial property value (Gregory et
al., 2001; Elliot et al., 1997). Wester- Herber (2004) argues on that conflict might not
necessarily be related to financial losses but linked to a loss in aesthetics as a result of
hazardous environmental activities, visually obstructive infrastructure or unpleasant odorous
emissions as the case may be. Wester-Herber (2004) concludes that because a place, product
or technology is stigmatised does not necessarily mean that there exists higher risk or risk
perception, but rather that it evokes negative association to the said place, product or
technology. That being said, she adds that when dealing with risk perception and
communication, it will be beneficial to “...include concerns that are not easy to identify, quantify
and measure but deal with fundamental psychological processes that might be difficult for the
individual to express” (Wester-Herber, 2004; 114).

Understanding what is perceived as risk from the ‘layman’s’ perspective would be a point of
reference regarding Risk Management with particular reference to odour management at
WWTW.

2.9. Land use compatibility and urban environmental quality

The World Health Organisation (WHO) defines health as “...a state of complete physical,
mental and social well-being and not merely the absence of disease or infirmity” (WHO,
20036:1). This means for someone to live a healthy life, his environment must not pose any
threat to his physical, mental, or social well-being. By extension, the complex linkage between
the quality of one’s environment and sense of wellbeing is portrayed. An environment devoid
of physical, mental and social adverse impacts will be an ideal environment to foster good
health. The question that arises next is how can one’s health in its entire meaning be assured
especially with the rise of industrialisation and rural-urban migration, versus competition for
land use? Governments are charged with the decision of which plot of land is to be used for
residential living, industrialisation, heritage site, conservation sites and open and recreational
spaces. Zoning, especially in urban environments, is significant because of its bearing on
urban environmental quality. Adjacent land uses must be compatible to ensure that one land
use does not juxtapose the next, hence negatively impacting the wellbeing of the inhabitants
of the land. Unfortunately, this has not entirely been the case, especially in most poor South

African communities.

Most economically challenged and marginalised communities today in South Africa are

located in areas prone to adverse environmental impacts and challenging to develop. This
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poor land use planning is a relic of the spatial apartheid regime (Scott & Oelofse, 2005).
Sometimes, more impoverished communities have sprouted informal settlements on buffer
zones designed to absorb adverse ‘shocks’ from impacting formal residences (Scott et al.,
2002). It has been argued that such communities, already bearing the burden of social and
environmental racism, should not be tasked further with the burden of adverse externalities of
developments such as the location of a landfill site (Scott & Oelofse, 2005) or any odour
producing activities such as sewage treatment works. It is argued here that in as much as
such developments are essential for urban environments; it can be done in such a way that
impact to the environment (including people) is minimised. The decision-making process can
be done in a participatory manner to ensure fair and balanced outcomes (Wester-Herber,
2004). One could ask of what importance is the concept of land use compatibility and urban
environmental quality? The answer is embedded in the right of every individual to an
environment that is not harmful to their wellbeing as enshrined in the South African
Constitution. This right is further expounded by the National Environmental Management Act
(NEMA 107 of 1998) where it states that “...adverse environmental impacts shall not be
distributed in such a manner as to unfairly discriminate against any person, particularly
vulnerable and disadvantaged persons” (NEMA, 1998: 60). These negative impacts may
result from the pollution of substances, radiation, waves, noise, dust, heat or odour (NEMA,
1998).

It can be argued that odour does not constitute a health impact. Indeed, the NEMA Air Quality
Act no. 39 of 2004 is a proponent of such an argument as it refers to the odour as merely a
nuisance. However, research has shown that despite the apparent lack of scientific evidence
directly linking odorous compounds with real acute or chronic health hazards to humans they
do pose negative impacts on the psychophysical wellbeing and behavioural characteristics of
individuals (Zarra et al., 2008). Further, according to the WHO, it impacts well-being, thus
health in a secondary sense. That said, whether the degradation in environmental quality is of
an acute or chronic nature, the issue of odour annoyance (as it is framed) still deserves
sufficient attention. Odour annoyance from industrial sources has been dealt with in literature
to considerable length (Schiffman, 1998; Luginaah et al., 2002; Brooks et al., 2010). However,
odours specifically from WWTW to the best of the researcher’s knowledge have not received

sufficient, if not any attention.

2.10. Conclusion

The above literature highlighted odour and its behaviour concerning different meteorological
conditions. It also delved into the different ways in which odour has been managed over the
years highlighting the most popular odour management or treatment technologies regarding
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efficiency, cost-effectiveness and environmental performance. It further brought to view
debates surrounding odour management and surrounding communities with specific reference
to odour perception by the ‘layman’. Finally, it brought to view the sensitive nature of land use
compatibility versus urban environmental quality with specific reference to odour annoyance
and its consideration as an element that disrupts the sense of wellbeing. In this research, the
researcher assessed the management of odour beyond the boundary wall of the odour
emission facility while shifting the focus of odour management in WWTW from technocratic
peculiarities of odour treatment to encompass the broader environment taking into
consideration atmospheric dynamics concerning the time of the day and location of the facility.
The study also explored community perceptions of odour management around the Athlone
WWTW to inform the research of gaps in the literature about odour management.
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CHAPTER THREE

METHODOLOGY
3.1. Research design

It is important to state the aim of the study which was to investigate the extent to which odour
is managed at the Athlone WWTW and how this management affects the surrounding Athlone
community. The research methodology, therefore, had to answer the following research
guestions to achieve the aims;

e How is odour from the Athlone WWTW managed?

¢ How do the prevailing atmospheric conditions influence the dispersion of odour in the

area?
e What is the view of the communities towards the management of odour in the area?

Therefore, the researcher had to locate odour and odour management within the broader
debates about the environment by exploring residents’ perception of odour management at
the Athlone WWTW. The qualitative research design was used to analyse the meanings
attached to the communities adjacent to the WWTW towards odour management in the area.
This design sought to make sense of circumstances, ideas or occurrences about the study
population (King et al., 1994:3-4). According to Wisker (2008), this type of research design is
suitable when a researcher is interested in capturing the views of people on their feelings and
experiences relating to a particular issue (Wisker, 2008:191). Qualitative research design also
permits the researcher to study selected issues in-depth and in detail (Patton 1990:13). Hence
it was chosen to capture residents’ perceptions and attitudes towards odour management at
the Athlone WWTW.

The researcher also had to systematically make sense of the environment by investigating the
influence of local meteorology on odour dispersion. This was supported by literature (work
done by others) to understand the inherent atmospheric pattern (mainly wind velocity). This
data was thematically analysed to understand odour dispersion potential with relation to local

meteorology and its influence on neighbouring residents (Neuman, 2006:468).
Furthermore, to investigate the extent of odour management at the Athlone WWTW, the

researcher used qualitative methods to review odour management reports coupled with

interviews with key public officials handling odour management as well as odour control staff.
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3.2. Study approach adopted

The case study approach as defined by Bromley (1986: 302) is a “systematic inquiry into an
event or set of related events which aim to describe and explain the phenomenon of interest”.
This approach has been used in scientific research over the years to answer research
guestions. This type of approach is particularly insightful because, as Creswell et al. (2007)
explain, it presents a multi-faceted understanding of not just a few participants but all relevant
stakeholders in the phenomenon under investigation. Therefore, the researcher opted for this
approach because;
1) Odour management is a complex issue due to the subjective nature of odour perception;
2) No single odour management programme or plan can work for all WWTW since
atmospheric dynamics play a crucial role in odour dispersion. Hence, any odour
management plan will be unique to the plant in question and its prevailing local
atmospheric conditions; and
3) Odour is an environmental problem that involves not only the physical environment but
also people. Hence there is a view that odour management ought to be managed

holistically.

In this case, the case study approach was useful in taking into account the complexity of odour
perceptions and the unigueness of an odour management approach. Using this approach, the
phenomenon under investigation was odour management at the Athlone WWTW, and the
stakeholders included the facility management (City of Cape Town and Odour Control
Solutions) and the neighbouring community of Athlone.

3.2.1. Sampling

To get a representative sample of the population, attention must be paid to participant
selection for the research (Sarantakos, 1998; Hennick et al., 2011). A total of forty-five (45)
participants were selected. Thirty-one (31) participants were selected from Athlone community
using the non-probability (purposive) sampling technique of recruitment (Sarantakos, 1998;
Hennick et al., 2011). In a non-probability sampling, individuals do not have an equal chance
of selection while with a probability sampling; all individuals have an equal chance of selection
(Jackson, 2008). The purposive sampling technique selects participants using human
judgement based on how knowledgeable they are about the subject under investigation
(Robinson, 1998). The selection criterion for the purposive sampling was that participants had
to live up to the 5km radius of the treatment facility. Participants were approached and asked

if they would participate in the study.
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Another sample population of six (6) respondents were selected using the snowballing
technique. These were recommended by the purposive sample population (Robinson, 1998;
Sarantakos, 1998). The selection criteria for this sample were based on having lived in the

neighbourhood for not less than five years and being very knowledgeable on the subject.

A final sample population of eight (8) participants were selected using purposive sampling
technique (Sarantakos, 1998; Hennick et al., 2011). These included one odour control staff
and seven (7) public officials (City of Cape Town Air Quality Office, Athlone WWTW staff,
Scientific Services, Planning and building development office, Environmental Affairs and
Development Planning provincial office and the City of Cape Town Ward Councillor Office).
These included individuals who deal with odour management on a daily basis. Selection
criteria for odour control staff ensured that participants had worked with the company for at
least five years and had a lead role in odour management in the company. The selection
criteria for the public officials was that participants must hold a supervisory role in handling
issues relating to odour management at the Athlone WWTW.

To ensure collection of quality data and proper research management for the research
duration (one year), 38 respondents seemed a reasonable number for a research of this
calibre (Hennick et al., 2011).

3.3. Data collection methods

3.3.1. Documents

Document review and analysis is a familiar source of information in the research process
(Sarantakos, 1998). The types of documents reviewed included odour control reports, peer-
reviewed academic publications, books, journals, maps and internet sources. These were
used to understand how odour from the Athlone WWTW is managed and also to investigate
the influence of wind velocity (which is a function of atmospheric stability) on the dispersion
potential of the atmosphere hence odour. This did not only enhance the understanding of the
local climate but also provided a broad understanding of the topic while enabling the
researcher to identify gaps in literature to supplement information obtained via interviews and
community survey. Odour management reports from the Athlone WWTW were reviewed to
get an understanding of what management strategically targets when planning for odour

management.

3.3.2. Community survey

The purpose of the survey was to obtain information from individuals in the Athlone
community on their feelings, perceptions and attitudes towards odour and odour management

by the Athlone WWTW and how this management has impacted their lives and their
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environment. This was done via questionnaires and one-on-one interviews (see Appendix A).
Participants selected for the community survey using purposive recruitment (Hennick et al.,
2011) included 31 individuals who live up to the 5km radius of the treatment facility as well as
the six participants who were selected for an interview via the snowballing technique
(Robinson, 1998). The basis of selection was 1) how long they had lived in the neighbourhood
(it must be =5years); 2) how knowledgeable they were about odour management at the
Athlone WWTW and 3) they should have been recommended by the pre-selected sample.
Participants included males and females, all races as represented in the community and
people in age groups spanning youths, middle-aged and the elderly.

3.3.3. Interviews

According to Flick (2007:2), the interview is one of the primary methods used in collecting data
in qualitative research design. Qualitative interview is an interaction between the interviewer
and participant wherein knowledge is being constructed. It usually involves structured and
semi-structured questions intended for elaboration hence detailed information from
participants (Creswell, 2009:181). In a structured interview process, the interview is guided by
a set of closed-ended questions while with the semi-structured interview process; the
guestions are open-ended allowing room for probing and discussion (Creswell, 2009: 181).
The research project, therefore, used structured and semi-structured interview questions to
collect data from three groups. The one group comprised of crucial odour control staff and the
second of community members who had five years or more of residency in the Athlone
neighbourhood and within a 5km radius of the Athlone WWTW. The third group comprised of
public officials as earlier mentioned under the sampling section. These individuals constituted
of males and females of all races present in the community and across the age range of youths
to the elderly. They were interviewed using in-depth interviews (Hennick et al., 2011).
Interviews were recorded on tapes and transcribed for data collection and analysis (Flick,
2007:57; Creswell, 2015). The purpose of the interview with community members was to find
out the extent of the odour, when it is experienced, how they feel about it and what they think
is the reason for the odour. The purpose of the interviews with odour control staff was to find
out the extent to which the odour was managed at the plant and factors taken into
consideration when planning for management. The purpose of interviews with public officials
was to find out how respective offices dealt with issues of odour management especially
regarding issues of odour complaints, compliance and management strategies. Hence the use
of structured and semi-structured interview processes was crucial to obtaining stakeholders

to participate in the research.

40



3.3.4. Observation

Observation is said to be one of the data collection methods that existed from the start of
research. It entails the use of the visual sense to collect data on observable phenomena
(Sarantakos, 1998). This research used unstructured observation to collect data by observing;

1) Plume formation in the area;

2) Community member’s daily activities; do they close doors and windows during

particular times during the day or sleep during the day?
3) The staff as they manage odour on a typical working day.

3.4. Data sources

3.4.1. Secondary sources

Documents were reviewed to obtain secondary data that would answer the research questions
and establish an understanding of odour management. Secondary data primarily refers to
previously published data or data collected by someone else (Creswell et al., 2007).
Secondary data sources for the research included odour control reports, archive documents,
peer-reviewed academic publications, books, journals, maps and internet sources. Secondary
data sources provided information on the theoretical discourse surrounding meteorological
conditions, its influence on odour dispersion as well as odour management and its resultant
impact on surrounding communities. Records of wind speed and direction was obtained from
the SAWS. Wind speed and direction for the period 2005-2016 was collected from one of
SAWS Cape Town International Airport weather stations. Wind velocity and direction was
measured at a height of 10m above the ground with the use of a vertical sounding radiosonde.
Measurements were done on an hourly basis and results transmitted through a radio signal
and recorded. Therefore, data from these sources helped the researcher to substantiate the

research argument while answering the research questions.

3.4.2. Primary sources

Primary data sources included those sources that provided first-hand data such as field work
(Sarantakos, 1998; Creswell et al.,, 2007). Primary sources of data in the study included
community survey and interviews (with community members and critical odour control staff

and public officials). More primary data were derived via observation as the research unfolded.
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3.4.3. Archives

Archival data refers to data previously collected by someone else. These included statistical
records, public and private documents and video or audio tapes (Mitchell & Jolley, 2007;
Singleton & Straits, 2005). Archival data for the study was obtained from the university library
database.

3.5. Ethical considerations

During the preliminary stages of the research process, a consent letter was requested from
the Athlone WWTW for participation in the research. This process ended up with the
researcher signing an undertaking stating that proceedings from the research will not be
detrimental to the City of Cape. The City of Cape Town on their part consented to participating
in the research (see Appendix B).

In the case of participants in the community survey, a verbal consent statement was presented
explaining the aim of the research before the survey process. Participants, therefore, had to
indicate their consent for participation with either a yes or a no. This statement also indicated
that the research had been ethically cleared by and was being conducted under the authority
of the Cape Peninsula University of Technology (See Appendices C and D respectively).
SAWS provided meteorological data of wind speed and direction. A consent letter was
furnished in this regard before access to data was granted (see Appendix E).

3.6. Challenges encountered during data collection

The researcher faced quite some challenges during the data collection process. These
challenges were explicitty encountered when seeking to obtain consent letters from
stakeholders. There always seemed to be a new entity in the chain of hierarchy to contact for
consent. This caused unnecessary delays in the overall research process. After consent
letters were secured and it was time for data collection, one of the key stakeholders was
unreachable for well over three months. The researcher tried to get the next in command to
no avail. None of the facility managers was forthcoming with that information. After over three
months of back and forth, the critical stakeholder in question got in contact with the researcher
explaining she had been away on maternity leave. This caused further delays in the overall

research process.

Another element that presented a challenge to the research process was access to
information. Before any appointment could be secured with participating stakeholders, the
researcher was questioned regarding the interest in the particular treatment works. To be

participants wanted to know who informed the researcher that there was an odour problem
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and under what authority the research was being conducted. There was quite some

bureaucratic apprehension that proved challenging to the process of access to information.

Finally, the area where data was collected is known as a crime hot spot (Athlone area). As
such, interviews with community members were not recorded on a tape recorder for security
reasons against theft. The interviews were, however, recorded through notes-taking which
were later analysed. This was challenging since the researcher had to take down notes as
fast as possible while conducting the interviews. It is worth noting that the researcher had to
make sure that each interview session did not last for more than 30 minutes as these

(interviews) were not conducted on an appointment basis.

3.7. Data analysis

Data analysis is the process through which the researcher continually reflects on collected
data, moving deeper to understanding and representing the data, and drawing an inference of
a broader meaning of the data (Creswell, 2003:190). Analysis of data for the study was
qualitative and experimental designs. Data from Athlone WWTW reports, community survey
and interviews were sorted and classified using thematic analysis - qualitative analysis
(Neuman, 2006:468). The thematic method identifies, analyses and reports patterns found in
data while drawing linkages between these themes (Boyatzis, 1998). In the current research,
data collected through community survey and interviews were analysed by use of excel
spreadsheet to plot bar and pie charts. These charts made it possible to compare the ratio of
differences and similarities between respondent responses. These responses were presented
according to emerging themes while presenting the patterns found in these responses to draw
deeper meaning from the results.

The researcher, therefore, highlighted common underlying issues emerging from the survey
and interviews (Flick, 2007:63) as well as differences in experience and meanings as
expressed by respondents. The purpose of reflecting on the differences was “not to be
selective, but that data should be reported in full” (Mouton, 1996:177). By so doing, the

researcher was able to draw deeper meaning from the results.

Atmospheric parameters such as surface wind speed and wind direction were used to show
the influence of local weather on odour dispersion. This dataset came from the extensive
meteorological calibrations done by SAWS from their Cape Town International Airport weather
station. It is important to note that this weather station is relatively located 1.5 km from the

Athlone area (Figure 3.1). Therefore, it represents the wind field over the study area.
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Figure 3.1: Map of the study area showing distance from Cape Town International Airport- the

weather station from where winds data was collected (Modified from Google Earth, 2018)

Wind speed and direction measurements was organised into months and years. Arranged
data was then inputted into the grapher 8 software package to produce wind rose diagrams
which graphically indicate wind speed and direction of various seasons at different frequency
intervals. Measurements of wind speed and direction was further arranged by taking daily
averages over the period of 2005 to 2016 to depict diurnal variations in wind strength and
direction. Monthly averages of wind data for winter and summer months respectively was
plotted in a line graph with the use of the grapher8 software package to illustrate seasonal and

interannual variability of surface wind in the study area from 2005 to 2016.

3.8. Conclusion

This chapter was a detailed narrative of various research methods that was used in the
research process. It further described the different sources from which data was collected, the
methods used in obtaining such data, as well as how collected data was analysed for the
study. A motivation for the selection of research design and study approach was discussed.
The chapter concludes by furnishing a description of ethical procedures mandatory for the
study as well as the challenges encountered with data collection.
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CHAPTER FOUR

ATMOSPHERIC MOTIONS AND ODOUR DISPERSION IN ATHLONE

4.1. Introduction

In this chapter, the results of surface wind data are presented to answer the research question:
how do the prevailing atmospheric conditions with specific reference to wind motion influence
the dispersion of odour from the Athlone WWTW? The chapter pays particular attention to
atmospheric conditions which include wind speed and direction. Thus, the chapter is based
on the hypothesis that: atmospheric stability and surface inversion significantly affect the
atmospheric motion (wind speed). In the case of Athlone, the influence of local atmospheric
conditions on the dispersion of air pollutants is attributed to the inherent topographical

properties which further induce the general atmospheric stability.

These conditions are part of the more significant atmospheric processes. Hence, the
dispersion of air pollutants over Southern Africa and Cape Town, in particular, can be traced
from these broader atmospheric conditions (Preston-Whyte et al., 1977; Preston-Whyte &
Diab, 1980; Jury et al., 1990; Tyson & Preston-Whyte, 2000). The dispersion and
concentration of odour, being a by-product of air pollution, is influenced by local atmospheric
conditions (Southern Wastewater Treatment Works, 2014). Upon the release of pollutants into
the atmosphere, vertical dispersion is controlled by absolutely stable layers and temperature
inversions while horizontal dispersion to a large extent is controlled by wind field patterns
(Walton, 2005).

Previous research has revealed that essential controls of air pollution dispersion during
summer in Cape Town include sea breezes, topographically induced winds and urban heat
islands (Keen, 1979; Redding et al., 1982; Jury, 1987). The dominant wind flow in summer is
southeasterly as a result of a ridging anticyclone over the South Atlantic Ocean causing
ventilation of the “atmospheric boundary layer through strong and turbulent southeasterly
winds. However, during winter, the significant air pollution controls over Cape Town is a weak
high-pressure system that is associated with stable conditions and favours the accumulation
of atmospheric pollutants and odour (Jury et al., 1990). This system is interrupted by transient
mid-latitude cyclones (cold fronts) moving in an easterly direction which is associated with
high southwesterly winds and rainfall. The stable high-pressure control then ridges in behind

the frontal movement once it has passed, once again bringing with it stable conditions that

"The atmospheric boundary layer is the atmospheric layer closest to the earth surface whose properties are
influenced by the underlying earth surface (Oke, 1987; DEAT, 2004).
45



favour the accumulation of atmospheric pollutants and odour. The chapter concludes that the
dispersion and concentration of odour emitted from the Athlone WWTW could be understood

in the context of these regional atmospheric conditions.

4.2. Surface wind and air pollution in summer

As mentioned earlier in this chapter, the presence of southeasterly winds over Cape Town in
summer (October to February) allows for ventilation of the boundary layer of the atmosphere.
This dilutes air pollutants and odour while the winter months (March to September) are
characteristic of stable conditions as a result of cold anticyclones (Jury et al., 1990). The
surface wind data from SAWS shows that summer is characterised by high winds
predominantly in the southeasterly direction. To illustrate this phenomenon, an empirical
representation of particular months and days have been selected to show typical winter and
summer wind patterns. In this thesis, the selection was representative of both seasons as
experienced in Cape Town (and Athlone which is part of the more significant Cape Town area).
At a broader level, the anticyclonic conditions ridging into the Cape Town area from the South
Atlantic Ocean causes air to flow in the southeasterly direction (Preston-Whyte & Tyson 1989).
These winds are invariably strong with high wind velocities hence diluting air pollutants and
odour in the atmospheric boundary layer (Preston-Whyte & Tyson 1989; Jury et al., 1990).

Diagrammatic representation of summer wind speed and direction over Athlone, as a product
of these more significant atmospheric processes, is shown below. The wind speed and
direction which covers the period of 2005 — 2016 is also presented (Figure 4.1a and b). The
wind diagrams show that the dominant wind direction of the region in summer is southeasterly
ranging between a velocity of 10 — 20 m/s indicated by the yellow shaded region in the

diagrams (Figure 4.1).
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Figure 4.1a: Average wind speed and direction for summer (October - February) for the period 2005 —
2016 where a) October 2005- February 2006, b) October 2006- February 2007, c) October 2007-
February 2008, d) October 2008- February 2009, e) October 2009- February 2010, f) October 2010-
February 2011
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Figure 4.1b: Average wind speed and direction for summer (October - February) for the period 2005 —
2016 where a) October 2011- February 2012, b) October 2012- February 2013, c) October 2013-
February 2014, d) October 2014 - February 2015, e) October 2015- February 2016
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Note: Graded percentage values represent the frequency of occurrence in wind direction.

Within this period, it can be seen that wind direction is predominantly southerly, fluctuating
between southeasterly to south-southwesterly while wind speed is high between 10 - 20 m/s.
The strength and direction of summer winds are attributed to its maritime origin. Anticyclones
ridging in from over the South Atlantic Ocean brings with it this strong southeasterly to south-
southwesterly winds which Cape Town experiences in the summer months. The intense
turbulence that these winds bring has earned it the nickname the “Cape Doctor” as high
turbulence causes efficient mixing and ventilation of the atmosphere, thoroughly dispersing
odour and air pollutants (Nzotungicimpaye, 2013). Increased wind speed has also been
attributed to increased solar radiation. Invariably, insolation heats up air closest to the earth
surface which in turn heats up the air above it, causing an increase in convective mixing. This
condition results in increased atmospheric turbulence ultimately inducing high wind velocity
and enhancing the dispersion of odour and air pollutants (Tyson et al., 1977; Piketh et al.,
2004). Therefore, under such conditions, it is impossible to experience atmospheric stability
and surface inversion. Hence, it will follow that the atmosphere of Athlone is one that enhances
dispersion of pollutants and odour in the summer.

It can also be seen that some summers had higher wind frequency intervals than others - for
instance, the summer of 2008/2009 (represented as d) in Figure 4.1a, as well as the summer
period of October 2012 — February 2013 and October 2013 — February 2014, represented as
b) and c) respectively in Figure 4.1b.

With such wind strength and frequency occurrence, it can be expected that the dilution

potential of the boundary layer of the atmosphere within those periods will be increased.

The same phenomenon is illustrated when we look at typical summer months within the period
2005 — 2016. The advantage of looking at particular summer months is that it gives more
insight into the summer wind characteristic of Cape Town (figure 4.2a and b). For instance,
instead of merely showing the wind behaviour of the entire summer season compressed into
one wind diagram, the wind speed and direction of just a single month within respective
summer periods is presented to show more granular details of summer winds. Diagrams

represent wind speed and direction of selected summer months from 2005 to 2016.
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Figure 4.2a: Surface wind speed and direction for selected summer months during the period 2005-
2016 were a) January 2005 b) January 2007 ¢) November 2007 d) February 2009 e) December 2009

f) January 2011
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Figure 4.2b: Surface wind speed and direction for selected summer months during the period 2005-
2016. Where a) November 2011 b) November 2012 c) December 2013 d) November 2014 e) January

2016

Again, it can be seen from Figure 4.2 that wind speed in these typical summer months is high

(between 10-20 m/s). Wind direction is predominantly southeasterly, fluctuating between
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southeasterly to southwesterly. However, Figure 4.2a and b show some important details
which cannot be seen in Figure 4.1. As an example, the wind diagram in d) of Figure 4.2b was
taken from the period represented in d) of Figure 4.1b. However, in Figure 4.1b(d) there is no
evidence of a northwesterly to a northerly component of the wind characteristic which Figure
4.2b(d) shows. It can also be seen that there is the increased frequency of wind occurrence,
another detail that Figure 4.1 does not capture. This goes to establish further that summer
months are the periods of increased wind turbulence and efficient ventilation resulting in
reduced odour and pollution levels.

Zooming in even closer by looking at a particular summer day depicts strong wind speeds
greater than 10 m/s at up to 45% frequency interval of occurrence blowing in the south-
southeasterly direction (Figure 4.3). Such results had practical ventilation implications on the
atmosphere of Athlone on the 13™ January 2016. In other words, that day was a very windy
day, with minimal chances of surface inversion or atmospheric stability. This invariably means
that there were likely minimal chances of odour build up in the atmosphere due to dilution
brought about by turbulent winds.

% 30% 40% 50%
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Figure 4.3: Surface wind speed and direction for a typical summer day 13 January 2016

Similarly, wind characteristics for another summer day in 2014 displays similar results of high
wind speed (>10m/s) with 35% frequency of occurrence in the south-southeasterly direction
(Figure 4.4).
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Figure 4.4: Surface wind speed and direction for a typical summer day; 19 November 2014

The 19" November 2014 was also an odour free day because of high wind speeds. In
agreement with existing literature, this confirms that summers are characterised by high wind
speeds which increase atmospheric ventilation potential resulting in an adequate dispersion
of pollutants and odour in summer. Again, this is coherent with works of others where it has
been shown that odours and pollutant concentrations are highest when wind speed is minimal
(Gwaze et al., 2007; Jenner, 2013).

Therefore, summer periods have been found to facilitate pollution dilution due to the presence
of strong wind speeds. Also, high temperatures experienced in the summer increase surface
heating and the mixing layer which in the presence of windy conditions will increase
atmospheric turbulence and dispersion potential (Preston-Whyte and Tyson 1989; Jury et al.,
1990; Walton, 2005; Jenner, 2013). For these reasons, summer months have been shown to

record the lowest concentration of atmospheric pollutants and odour concentrations.

4.3. Surface wind and air pollution in winter

The presence of weak South Atlantic high-pressure control in the winter has been shown to
bring about stable conditions (characteristic of low wind speed) as shown in Figure 4.5 a and

b. This prevents the dispersion of pollutants and odour in the atmospheric boundary layer.
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Figure 4.5a: Surface wind speed and direction of winter for the period 2005- 2016 were a) March —
September 2005 b) March — September 2006 ¢) March — September 2007 d) March — September 2008
e) March — September 2009 f) March — September 2010
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Figure 4.5b: Surface wind speed and direction of winter for the period 2005- 2016 were a) March —
September 2011 b) March — September 2012 ¢) March — September 2013 d) March — September 2014
e) March — September 2015 f) March — September 2016

From Figure 4.5a and b, it can be seen that for the entire period of 2005 — 2016, wind speed
was low with the highest frequency of occurrence not higher than 10%. In addition to the South
Atlantic high-pressure control in the winter, Athlone (part of the more significant Cape Town
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area) experiences surface temperature inversions which are sustained by the characteristic
low nighttime temperatures. A precursor of this condition is the presence of low wind speed,
clear skies and low relative humidity brought on by anticyclones reducing the ventilation
potential of the boundary layer. Typically, these surface inversions persist through the cool
hours of the night and are closest to the ground just before sunrise (Tyson et al., 1977). Under
this condition, accumulation of pollutants and odour takes place accounting for maximum

concentrations at night and before sunrise.

However, there is also the added effect of northeasterly or cold berg winds (generally low
speed) flowing over the continental warm. When this happens, the cold air traps warm air
beneath it, preventing the rise and dispersion of pollutants and odour in the warm air. This
phenomenon mimics the effect of a surface inversion, hence reducing the ventilation potential
of the boundary layer (Jury et al., 1990). However, there is also the shielding effect of the
Cape Peninsula Mountain range which also reduces wind speed. The walls of this mountain
receive more solar insolation than the floor of the valley during daylight hours. This differential
heating generates a circulation pattern that causes anabatic (upward) air movement. At night,
the reverse happens to result in katabatic (downward) air movement. Downward flowing air
warms adiabatically resulting in air temperatures closest to the ground being lower than
sinking air (Tyson & Preston-Whyte, 2000). This condition of warmer air above more cooler
air forms a subsidence inversion- a phenomenon that will further trap odour and pollutants
from dispersing. Consequently, wind speed in Cape Town is usually low in winter,
predominantly northwesterly and is characterised by stable atmospheric conditions as shown
in Figure 4.5a and b. Such is the reason why pollutants and odour build up, and it is physically
manifested as a visible haze layer in winter. However atmospheric stability conditions, which
are a common phenomenon in winter, further prevent the dispersion of odour in the

atmosphere.

Figure 4.5a and b also indicate periods of high wind speeds of >10m/s but it can also be seen
that those periods are very brief given their low frequency of occurrence. Such brief periods

of high wind speed are associated with the passing of a cold front.

Upon the arrival of a cold front, the weak South Atlantic high-pressure control is temporally
broken. Creeping in from the easterly direction, cold fronts have been associated with strong
northwesterly winds and rainfall. Immediately the cold front passes, the stable high pressure
control ridges in once again bringing conditions that favour the accumulation of pollutants and
odour (Jury et al., 1990). As an illustration of this phenomenon, 30 June 2016 was a

representation of a day before the arrival of a cold front. Because it was a typical winter’s day,
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wind speed was low and predominantly north-north-easterly to north-north- westerly (Figure
4.6(a)).
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Figure 4.6: Surface wind speed and direction showing a) prefrontal conditions b) frontal condition and
¢) post frontal condition

Wind direction stayed that way the entire day till about 10 am the following day (01 July 2016).
Then direction fluctuated to southwesterly (with a westerly component) from 11am and picked
up speed of up to 8.5 m/s indicating the passage of a cold front (figure 4.6(b)). Calm conditions
quickly settled in after the passage of the cold front with wind speed as low as 0 - 1.3 m/s for
the subsequent days and direction reverted to the northerly (Figure 4.6(c)).

Similarly, on the 15 August 2016, low northerly wind speed was experienced from 12am till
about 7am (figure 4.7(a)).
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Figure 4.7: Surface wind speed and direction showing a) prefrontal conditions b) frontal condition and
¢) post frontal condition

Wind direction then changed to south westerly at about 8am and remained in the southerly till
about 3am on the 17 August 2016 with high wind speed of up to 9.1 m/s (figure 4.7(b)). A
closer look at the wind characteristics of the succeeding days confirms that the South Atlantic
high-pressure system has been re-established given that high pressure controls bring about
atmospheric stability and low wind speeds with implications of pollutant and odour build up.
From about 4am, wind speed reverted to prefrontal conditions which is predominantly northerly
(figure 4.7(c)). This stability condition is what is hypothesised in this thesis to impair the

dispersion potential of the atmosphere of Athlone.

Likewise, typical winter months within the same period confirms that wind speed in the winter

is generally low and northwesterly in direction (Figure 4.8a and b).

58



a)

NwW

Sw

<)

NW

sSw

e)

NW

SwW

b)

NE NW
£ w
2%
SE swW
d)
NE Nw
........ E W ——
"W
SE sw

NW‘
= w

’ SE sw
Wind speed(m/s)
B <=10
[]>10-20
>20-30
Bl >30

NE

———— E

SE

NE

SE

NE

SE

Figure 4.8a: Surface wind speed and direction of typical winter months within the period 2005- 2016
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Figure 4.8a and b also shows occasional increase in wind speed (between 10-20 m/s) which
is an indication of the passage of a cold front which changes wind direction form northerly to
south-westerly. In other words, the arrival of a cold front facilitates the dispersion of odour
through atmospheric turbulence brought on by increased wind speeds. However, these
periods are usually brief as prefrontal stable conditions associated with low wind speeds
quickly ridging in after the passage of a cold front as mentioned earlier. The combined effect
of prevailing atmospheric stability in the winter, surface inversion and the shielding effect of
the mountain make the accumulation of pollutants and odour rife in Athlone.

A look at a typical winter day shows that wind speed is weak (lower that 10 m/s) and is
predominantly in the northerly (that is between northwesterly and northeasterly) (Figure 4.9).
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Figure 4.9: Surface wind speed and direction of a typical winter day 05 June 2016

Further, surface wind data of the study area showed that wind characteristics vary throughout
a twenty-four (24) hour cycle with very low wind speeds in the early hours of the morning. A
diurnal cycle for the period of 2005-2016, shows that wind speed increases towards midday

and then starts to drop in the early evening hours as shown in Figure 4.10.
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Figure 4.10: Diurnal cycle of wind speed for the period 2005 — 2016

Figure 4.10 shows that for the period 2005- 2016, wind speed around midnight averaged 4.5
m/s and continued to drop to about 3.2 m/s by 6 am. Then at around 7 am, wind speed started
to increase slowly and reached a peak between 12 pm and 3 pm to about 7 m/s. After that,
wind speed started declining towards the evening hours of 5 pm and continued to drop into
the cold hours of the night. Inadvertently, odours were experienced within the early hours of
the morning and at night time when wind speed was low. However, odours should start to
dispel as wind speed peaks in the afternoon. That is why it is possible to see a haze layer in
the early hours of the morning, indicative of atmospheric stability and surface inversion

conditions fortified by low wind speeds around early morning and late at night (Figure 4.11).
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Figure 4.11: Visible brown haze layer above the Cape Flats area taken at about 8:30 on the 23
September 2003 — an indication of stable atmospheric conditions in the area (Weber, 2004). The study
area for the current study is indicated by the red arrow

The higher the stability condition, the denser the haze layer. Haze layer has been found to
appear over significant areas of the Cape metropolis between the winter months of April to
September over Cape Town. This period is the same period when temperature inversions are
strongest with low wind speed. Figure 4.11 also shows the mountains surrounding the study
area. As such, pollutants cannot be transported by the wind resulting in pollutant concentration
build up hence the formation of brown haze. Nevertheless, the most intense occurrence was
found to be the early hours of the morning- lasting only a few hours while dissipating with
increasing surface temperatures in the later hours of the day as seen in Figure 4.12 (Wicking-
Baird et al., 1997; Piketh et al., 2004).
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Figure 4.12: Haze layer eroded from the ground above the Cape Flats area with increasing wind speed
and temperature. Picture was taken at about 12 pm on the 23 September 2003 (Weber, 2004). The
study area for the current study is indicated by a red arrow

It has also been established that wind speed and direction change from summer to winter with
high wind speeds in the southeasterly direction in summer; while low wind speeds are
experienced in the winter in the northwesterly direction. A graphical representation of the
seasonality of wind speed is shown in Figure 4.13 below.

64



W N
o o o o o
I 1 I I |

Wind speed {(m/s)

M
o
I

0.0 T T T T T T T T T T T |

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OoCT
NOV
DEC

Time (months)

Figure 4.13: Seasonality of wind speed in Cape Town for the period 2005-2016

It can be seen from the diagram above that wind speed is high in January but starts to
decrease in February and reaches its lowest between June and August. Then speed starts to
pick up in September and continues to increase until it reaches its highest in December. That
is to say, that wind speed is high in January (summer) and starts to decrease and reach lowest
values between June and August (winter). It then starts picking up speed again and reaches
its peak in December as summer is ushered in. Again, this is evidence that seasonality by its
wind characteristics and atmospheric stability has implications on odour and pollution
dispersion. When wind speed is lowest (between June and August), the atmospheric pollution
potential will increase, increasing odour concentration in the atmosphere. In contrast, when
wind speeds increase in January (when there is also increased solar radiation hence
increased mixing ratio), pollution potential will reduce, decreasing odour concentration in the
atmosphere (Jury et al., 1990).

A more granular look at the wind trend in Cape Town gives a more precise picture that
generally, wind speed is high in the summer months while low in the winter months (Figure
4.14).
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From the diagram, it can be seen that each year has two peaks in wind speed. The first
peak occurs at the beginning of the year - January (summer) while the second peak can
be seen around October (summer) through to the end of the year. These peaks are an
indication of high wind speed. Between the peaks is a trough that signals periods of low
wind speed and that usually occurs between June and August (winter). However, in the
year 2008, three (3) peaks were experienced - the first in January (summer), then another
one between March and April (early winter) and the last one from October (summer).
Interestingly, the March — April (early winter) peak was of greater magnitude than both the
summer peaks of that year. Such results reveal that 2008 experienced relatively low odour
and pollution concentrations. The same was the case in 2013 where an increase in wind
speed was experienced in early winter - this increase in wind speed is higher than the
summer wind speed. This can be attributed to the passage of a cold front in the early
winter months resulting in increased wind speed. Consequently, 2013 can also be
considered a year of relatively high ventilation potential with implications of reduced
pollution and odour concentrations.

It can also be seen that some years experienced lower winter wind speed than others, for
example, the winter of 2006. Similarly, some years experienced lower summer wind speed
than others like the summer of 2007. In these instances, the ventilation potential in the
summer was poor with implications of increased pollution concentration and odour.
Likewise, in the winter of 2006, increased pollution and odour concentrations were
experienced between cold fronts due to relatively lower winter wind speed. Therefore,
winter in Cape Town is more conducive for pollution and odour build up due to reduced
wind speed, coupled with stability conditions brought on by the South Atlantic high-
pressure system; as well as the presence of surface temperature inversions, low

temperatures and the shielding effect of the Cape Peninsula Mountain range.

4.4. Conclusion

This chapter dealt with the influence of wind speed and direction on pollutant (odour)
concentration. It also showed that the different mechanisms that brought about these
winds underpin the ventilation potential in the summer and winter periods of Cape Town.
These mechanisms are rooted and can be understood from the concept of regional
atmosphere. Results were drawn from surface wind data of Cape Town from 2005 to 2016.

Metered data was obtained from the Cape Town International Airport collected by SAWS.
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Results showed cohesion with works done by other authors. However, this will be dealt
with in detail in chapter six, to establish the strength of association between meteorological

data, air pollutant dispersion and public perception of odour.
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CHAPTER FIVE

THE SOCIAL ASPECTS OF ODOUR DISPERSION IN ATHLONE

5.1. Introduction

The primary purpose of this chapter is to present the results to show whether or not the
odour management system adopted by the Althone WWTW is holistic. The chapter seeks
to deal with the following research questions specifically:

e How is odour from the Athlone WWTW managed?

o How do the prevailing atmospheric conditions influence the dispersion of odour in
the area? — Regarding this question, the chapter shows how the odour
management system of Athlone WWTW takes into account these externalities;

does the management internalise the externalities

e What is or are the view(s) of the communities towards the management of odour

in the area?

In answering the above research questions, the chapter argues that there is a high
prevalence of discontent within the neighbouring community about odour levels.
Compelling evidence of such displeasure around odour producing facilities is recorded in
the works of McGinley (1995); Schiffman (1998); Luginaah et al. (2002); Brooks et al.
(2010). More impetus is given to this argument with attention to results from field data
collected during this research about community perceptions of odour management in the

Athlone neighbourhood. This is presented later in this chapter.

However, first, the chapter deals with the nature of odour, handling specifically the
potential odour sources in the community, as well as the formation and release of odour
into the atmosphere where it then constitutes a nuisance to its perceivers. Then the
researcher delves into how odour is managed at the Athlone WWTW with particular
attention to the technicalities surrounding odour control and treatment as well as its

monitoring or absence thereof.

Hereafter, the chapter then presents evidence to corroborate the argument about

discontent towards high odour levels in the Athlone community. This section looks at how
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community members feel about these high levels of odour and what their coping strategy
in response to this odour is. An insight into the cause of high odour levels is presented as
well as the responsible party for the odour is presented in the opinion of the Athlone
community members. It should be noted here that the respondents' responses will be
presented verbatim in italics. This was done to ensure that opinions presented were
entirely that of the respondents. The chapter closes by presenting challenges that are
encountered in the odour management business as encountered by the management of
Athlone WWTW.

5.2. The nature of odour in Athlone

To understand the effects of the odour management system at the Athlone WWTW, it
would be necessary to have a reasonable picture of nature and extent (geographical
scale) of odour emitted from the plant. Since its establishment in 1923, Athlone WWTW
has been in the business of treating wastewater from communities within its operational
jurisdiction. During this period to this day, the treatment of wastewater in the plant has
compounded odour emissions causing public dissent.® This fact was corroborated by all
respondents in the community survey who stated that there is an odour problem in the
Athlone community. This is not surprising since the plants handle raw materials (raw
sewage) which is said to be unappealing to the olfactory senses of humans adjacent to
the plant. Raw sewage is received at the inlet works of the treatment plant where it is
screened to remove floating substances which may block the system or not be degraded
by the activated sludge treatment method such as plastics and wood. The sewage at this
stage is in a turbulent stage to facilitate the release of odorous gases. Consequently, it is
reported to be the smelliest stage of the wastewater treatment process. Separated
substances are then channelled into dollies to be compacted and landfilled. This unit is
uncovered and therefore odorous gases from the wet dregs (separated from wastewater)
can escape to the atmosphere through convective currents and cause an odour nuisance
(Southern Wastewater Treatment Works, 2014). Once the sewage is separated from the
dregs, it is then channelled to another unit where grit removal takes place. Upon
successfully degritting the wastewater, it is then sent to the Primary Settling Tank (PST)

where dissolved solids are separated from the wastewater. Separated solids settle at the

8 This fact was established from the respondents in the neighbouring communities of Athlone during the
community survey
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bottom as sludge while lighter wastewater floats. This is achieved by allowing the water to
settle in laminar flow. Sludge is then conveyed through pipe works to the Cape Flats where
it is treated while wastewater is sent to the Secondary Settling Tank (SST) where biological
treatment takes place. Here, phosphates are removed, and ammonia is broken down into
its constituent nitrogen and hydrogen by groomed bacteria. Except for the inlet works, all
the processes described so far are not covered. Therefore, as the wastewater treatment
process takes place, turbulence mechanisms (as well as direct atmospheric contact for
uncovered units) enable the escape of odorous gases to the atmosphere- particularly H,S
(Gostelow et al., 2001; Lebrero et al., 2011). Notwithstanding, the uncovered units are
surrounded by odour masking spray dispensers. For this reason, °respondent 3 reported
these phases to be “problem areas” notorious for the release of these offensive odours,

particularly in the surrounding social environment.

However, there is a debate about the source of odour in the surrounding community. The
plant management is of the opinion that the foul odour sometimes comes from the solid
waste transfer station on the opposite side of the Athlone WWTW. Likewise, in the
surrounding community, while there exists a diverse discourse about where the odour
comes from, a striking 83.87% argued that the Athlone WWTW is responsible for the odour
problem in Athlone. A smaller percentage of 6.45% was of the opinion that the solid waste
transfer station is responsible for the odour while an even smaller percentage of 3.23%
did not know where the odour comes from. Equal percentages (3.23%) argued that illegal
dumping in open spaces and the river and ponds are responsible for the odour (figure
5.1). Those who argued that the smell comes from the river justified their argument that
the ponds and rivers are hardly ever cleaned out. Furthermore, they reported that the river
does not have a steady flow, hence in their opinion, weeds and other decaying matter in
the river can produce a foul smell. It is evident that there are some dynamics at play here
hence the disparity in the source of odour as experienced by these community members.
For instance,, respondents suggested that the wind direction is a determinant of the
source of odour in that community. Another factor that could be responsible for this
disparity is the fact that the majority of respondents have lived in that area for most of their

lives, hence they are accustomed to the ambient odours and can tell without a doubt where

9 Respondent 3 is the Odour Control Staff who built and runs the odour treatment technology at the
plant, interviewed at the plant on the 28 October 2016
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the odour is coming from. Most of the respondents from that community are older adults
who were already living in that community long before the solid waste transfer station was
commissioned in 2003. Therefore, they can easily distinguish what the ambient odour was

when it was just the Athlone WWTW and when the solid waste transfer station came into

the picture.
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Figure 5.1: Source of odour in the Athlone community

To give the reader an image of all potential odour sources in the Athlone community,
Figure 5.2 is presented. It should be noted that the diagram is not drawn to scale but a
mere depiction of the various odour sources as reported by the respondents. As shown in
the diagram, Athlone WWTW is in between the residential community of Athlone and the
solid waste transfer station. The Vygerkraal River and the oxidation ponds run parallel to
both the plant and the community. Consequently, it is possible that the wind can blow

odour from any of the sources to the residential community. In this case, what will
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Figure 5.2: Schematic representation of potential odour sources in the Athlone community

give impetus to the argument will, therefore, be the nature of the odour that is being
perceived. However, as mentioned earlier in this thesis, the perception of odour is

subjective.

Attesting to the subjectivity of odour perception, there was a disparity in the perception of
odour as experienced by the respondents. They described the odour they perceived as
shown in Figure 5.3. Ninety point three two per cent (90.32%) of respondents maintained
that it smelled like faeces, while 6.45% were of the opinion that it smelled like decaying
meat. A smaller percentage felt the smell was more of a suffocating nature.
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Figure 5.3: Nature of odour in Athlone community

This result was fascinating because H,S, the most prominent odorous gas associated with
wastewater treatment is reported to have a rotten egg-like smell (Bonnin et al., 1990;
Brennan, 1993; Burlingame et al., 2004, Suffet & Rosenfeld, 2007). However, as shown
above, no responded described the smell as a rotten egg. On the contrary, the majority of
the respondents who described the odour as faeces like, also described it as a bad fart.
The same also argued that the odour they perceived came from the Athlone WWTW. This
further suggests the degree of subjectivity of odour perception. What is experienced varies
from person to person, and individual receptors associate the odour they perceive to

different things they recognise in their own lived experiences.

Nonetheless, the odour is only perceived when the odorous compounds escape through
convection currents, from the liquid medium (raw sewage) to the atmosphere. In this case,
its resultant effect and intensity depends on a number of factors including but not limited
to proximity to neighbouring community, nature of adjacent land use (is it an industrial,
commercial, recreational or residential land use), as well as the prevailing atmospheric
conditions (Luginaah et al., 2002; Wester-Herber, 2004; Brooks et al., 2010; Southern
Wastewater Treatment Works, 2014). If it is a residential dwelling near the treatment plant
(as shown in Figure 5.2), there are bound to be odour complaints since both land uses are
not compatible. As an illustration, respondent 1 reported that in the past, facilities such as

the Wastewater Treatment Works were isolated in the forest far away from residential
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development. Likewise, °respondent 4 attested that ideally, zoning off such properties as
defined by the Development Management Scheme (DMS) and the Municipal Planning By-
laws would put developments like odour producing facilities as far away as possible from
a residential dwelling. He continued that the current zoning which is responsible for that
facility being where it is located, is based on spatial apartheid planning. Explaining why
the development is located where it is today, this is what he had to say;
“So ideally, you want that as far away from the residential as possible. They have
got the road reserve, and this is old apartheid planning. They will never put the
upmarket residential there. So, in the past, it was not an issue because we do not
care about those people. Whereas now, if we were to build something like this

now, | guarantee you, it will be nowhere near a residential area”.

This suggests that certain types of development can only take place where it makes social
and ethical sense. Given that this planning was done during the apartheid era

when such factors were not taken into consideration, it is not surprising that respondent
4 felt very strongly that such a facility would not be placed where it is now had planning
been done post-apartheid. The situation, he purports, would not change but proper
management of odour, in his view, would help alleviate the circumstance. The

management of odour is addressed in the following section.

5.3. Odour management at the Athlone WWTW

Odour management at the Athlone WWTW only started recently. Before this, the
wastewater treatment process would go on without taking into consideration the impact of
resultant odour emissions to the neighbouring communities. In other words, the plant
management did not internalise the externalities of the wastewater treatment process
which is an odour to the surrounding community. That means management did not
understand the synergistic influence of the atmosphere on odour dispersion or did not care
about the impact of its activity on the social environment. This position was demonstrated
by respondent 1 as follows;

“We used not to have this odour treatment before; this is all new to us. We used

just to run, so what changed for us to now succumb to install this odour treatment

10 Respondent 4 is the Principal Professional Officer in the Department of Planning & Building
Development Management of the City of Cape Town. He was interviewed on the 6% July 2016
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technology. Even some of our plants now, they do not have these odour treatment
installations. That is indication that something happened, somebody made noise,

and the City invested money in doing this”

Respondent 1 further explained that the escalating levels of complaints must have put the
municipal council under pressure to begin odour management hence the installation of the
odour treatment technology as part of odour management intervention at the plant. This
view was supported by **respondent 2 from the City of Cape Town who stated that the
escalating level of complaints from the neighbouring communities compelled the city to
install the odour treatment technology. This move could mean that there was now a better
understanding of the meteorological contribution to odour dispersion or concern about
how their processes affect the social environment. However,, to what extent the odour
management strategy integrates the principles of sustainable Environmental
Management, is the object of focus in this study. In this case, the odour management
intervention should be integrative with community involvement because odour is an
Environmental Management issue that affects the social environment (people). As such,
its management is supposed to take into consideration the environment in its entirety as
outlined in chapter five of the NEMA Act 107 of 1998.

However, odour management at the Athlone treatment works can be summarised as
shown in Figure 5.4. The figure shows that the City of Cape Town Municipality is the
topmost hierarchical level of control governing the Athlone WWTW concerning odour
management. Subordinate to it is the odour management body or staff of the Athlone
WWTW at the plant level. This is the body that handles the day-to-day running of the
wastewater treatment process as well as its resultant odour emissions. Odour
management, therefore, comprises of three elements which include 1) the odour masking
sprays from Biocure 2) the odour treatment technology from OCS and 3) the public registry
where community members can log odour complaints. The only time the community
engages with the plant is when a complaint is logged through the public registry, and this

could be done either through calling the city’s toll-free number, through walk-in complaints

11 Respondent 2 is the Head of Projects in the City of Cape Town. He was interviewed at the plant on the
28t October 2016
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at the plant or through writing out a complaint in the registry at the City of Cape Town’s

Municipal Office.

City of Cape Town
Municipality

Athlone WANTW Cdaur
Management

|

Biocure Public registry to log odour Cdour Control Solutions
complains (aCs)

Odour masking sprays Biotrickling Filter

Athlane community

Figure 5.4: Flow diagram of odour management at the Athlone WWTW

It was also evident from the field study that the plant cannot treat the volume of sewage it
currently treats hence putting pressure on existing infrastructure. This was suggested by
the head of projects personnel whom when asked if the plant is operating at its designed
capacity to treat 105 Ml/d as documented, bluntly stated;

“It treats much more than that.”

This suggests that the plant is treating a lot more sewage than it is capable of handling,
thereby putting pressure on the infrastructure and therefore the plant’'s capacity to

adequately manage resultant odour becomes questionable. The last 2Green Drop Report

12 The Green Drop Assessment is a periodic assessment conducted on all sewage treatment plants in
South Africa. This assessment is done using key performance areas such as effluent quality compliance,
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indicated that the Athlone WWTW is a high risk (70-90%) given that it operates beyond its
designed capacity (105Ml/d) by up to 14.29% (DWA, 2013). This speaks volumes about
the current state of the facility. It poses a high risk to its immediate environment, which
includes the receiving water body and the surrounding community. More so, there is no
documented evidence that discharged effluent from the plant into the Vygerkraal River
does not have cumulative effects which can result in odour emissions in the long run. This
fact is particularly worrisome since no cumulative tests have been conducted to ascertain
this.

Another exciting discovery from the field study revealed that there is no preventive
measure towards odour management but rather what is in place is response driven
management. If something went wrong during the wastewater treatment process, there is
no way to pick that up until there is odour build up. Then the staff will make a tour of the
premises to find out which unit or system is faulty and isolate it to prevent further odour
build up. Respondent 1 described that scenario as such;
“Let’s say at the primary stage, if one of the tanks there is blocked up for whatever
reason, it is gonna stay stagnant. And because it’s stagnant, the bacteria there are
gonna be most chawing up the oxygen. And as it depletes the oxygen, it’s gonna
start smelling because its stagnant, it’s siting in there and it’s not fresh water and
its running out of oxygen so it’s gonna start to smell. But it’s gonna only be in that
one unit. And there is nothing | can do. Obviously we are gonna put in the masking
sprays until we correct what is wrong at that unit. But it’'s gonna sit in that tank until

the problem is corrected in that tank”.

To put it differently, the odour management approach is to an extent reactive rather than
proactive. The action is triggered only after an odour problem emerges as an odour
complaint (as illustrated in figure 5.4). Notwithstanding the plant’s “open door” policy to
receive odour complaints, integration with the community is only initiated by the
community instead of it being the other way around, given that it is the plant’s responsibility
to integrate the community in the first place as part of a holistic odour management

venture.

treatment capacity, process control and maintenance skill. The assessment awards a Green Drop Score
which is a performance indicator of the plant in question.
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5.3.1 Treatment of odour at the plant

The City of Cape Town municipal council contracted Odour Control Solutions (OCS) to
treat odours emanating from the wastewater treatment process. It is crucial to explain how
this engagement works to shed some light on the odour treatment arrangement which is
part of the plant's odour management intervention. As respondent 2 explained, the
selection process was strictly tender-based meaning the city advertised the job, inviting
bidders to tender for the job. The most suitable person for the job was selected based on
requirements such as prior experience, proven technology to be used and capability to do
the job. After that, a tender contract was signhed between OCS (successful bidder) and the
City of Cape Town, detailing specifications of what was required for the job. Table 5.1
presents some of the specifications that were to be met in the treatment of odours at the
Athlone WWTW.

Table 5.1: Properties of gas streams to be treated by the biotrickling filter

Temperatur | Relative Gas flow | Gas Average Maxi
e°C Humidity % rate density H2S mum
ms/hr kg/m? concentrati | H2S
on ppm conce
ntrati
on
ppm
PST Flow Splitter | 25-30 30-80 100 1.2 250 500
Overflow Channels
PSTs No 21-22 | 25-30 30-80 400 1.2 250 500
Launder Channels

(Source; City of Cape Town, 2009 -Tender contract for the odour control by biotrickling filter)

Respondent 3 argued that the contract binds OCS to specific performance guarantees
and stipulates that within the first year after the system had been installed, OCS had the
responsibility to look after the system’s operational maintenance care. He elaborated on

this as follows;
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“So there is a default notification period which is a 28 days period within which if
anything goes wrong, we have to fix it. That is after installation. So, we run the
system and make sure there are no faults in the design of the system. Additionally,
we are obligated to run the system for a full year- 365 days from commissioning,
sign off that the system has been commissioned properly and that it is running
properly after the defaults notification period. Once we are busy with those 365
days, anything that goes wrong, we need to fix it then and make sure that it is

running properly and that it is running as it should”.

Upon the installation of the odour treatment, those problem areas aforementioned were
explicitly targeted, connecting pipe works to suck up odorous emissions and where
possible, cover the unit with concrete to facilitate removal of odorous gases for odour
treatment. The connecting duct then directs all odorous emissions into the biotrickling filter
where microorganisms in a biomedia feed on them hence getting rid of odours. The
biomedia is supplied with moisture, nutrients and an optimum pH to ensure the growth
and survival of the microorganisms which degrade odorous gases (see figure 2.13 for an
illustration of how the biotrickling filter works). This technology controls the growth of
microorganisms for optimum performance of the technology. Failure to do so may result
in excessive growth of microorganisms, leading to competition for nutrients and
subsequent death of microorganism. However, all things being equal, the biomedia is said
to have a 15 to 20-year warranty. If for some reason the biomedia gets too much exposure
or food, then a replacement media will have to be inserted into the technology. However,
ideally, the resultant air leaving the biotrickling filter should be completely stripped of H.S
hence odour.

It is important to note here that the biotrickling filter cannot treat odorous gases in fugitive
emissions. Therefore, as part of the odour treatment strategy, the plant management also
has in place odour masking sprays provided by Biocare, which go off periodically
throughout the day to reduce odours associated with the wastewater treatment process.
This spray is made of a substance called air solution made from plant extracts. The air
solution is diluted with water at a 1:300 ratio by an equipment called a dose tron. The
diluted mixture is kept in a holding tank and pumped under high pressure so that it mists
and gives off the mixture (masking spray) periodically between 6 am and 10 pm. The spray

is said to form a curtain which traps odorous gases in the air and neutralises the odour.
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The odour masking spray intersperses the entire plant perimeter and especially around

problem areas and the fence line boundary of the plant.

Another interesting aspect that was uncovered by the field study is that OCS has the sole
distribution rights of the odour treatment technology- biotrickling filter in South Africa. This
means that the city does not have the liberty to compare a variety of options to choose the
best performer and are, therefore, bound to use just what is available. Respondent 1
captured the situation as follows;
“It’s unfortunate. This people because they are the sole providers of this thing, we
cannot prove how effective it is, we are trapped, we are forced to use them even
though we can’t prove what they are removing. At the same time you cannot sit
back and do nothing. So, we use it’.

In other words, there is no competition and therefore no room for improvement of quality
standards. It follows, therefore, that even if the technology is not performing, it will be
difficult to prove that because there is no benchmark for comparison.

5.3.2. Monitoring of odour at the plant

Monitoring of odour at the Athlone WWTW is not an ongoing process as in the classic
sense of monitoring a project. When the odour treatment technology was installed at the
plant in 2008, as part of the tender contract, OCS was to see to it that within that year of
installation, quarterly monitoring took place to ensure that the system was removing 99.8%
of H,S as stipulated in the contract document. At the end of that year, performance tests
were conducted to show that the system was performing at an optimum level. Then
together with the performance test results, a handover certificate was given over to the
City of Cape Town, and from thence, the city owned the technology and became
responsible for it. The field study revealed that since after that year, no monitoring had
been done to ascertain whether or not the system is still removing 99.8% of H,S. When
asked why that is so and how one can be sure the system is still running optimally, this is
what respondent 1 of the Athlone WWTW had to say;
“We are not getting data. We do not know how much we are producing; we've got
the installations, that is new to us. Recently we asked that we would like to have
data. We don’t know how much H.S was generated for us to know if we are
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effectively treating it or not. In the books it says the system is actually capable of
treating 99.8%. But that 99.8% data wise, how much mg of H.S was generated,
therefore treated by this unit and the resultant is 40mg therefore we have met the
99.8% target”.

The field study revealed that it is quite a blind system of operation that is being run at the
Athlone WWTW. The only way the plant staff ascertains if the odour treatment technology
is running is to find out if there is suction when the valves on the ducts are opened. That
to them is an indication that the system is running but how well it is running needs to be
determined by data from a data logger proving whether or not 99.8% of H.S is being
removed hence the system is functioning optimally. Interestingly, Athlone WWTW does
not have data loggers and therefore cannot, with certainty, say what percentage of
removal is being achieved.

More so, no computerised remote sensing monitor can signal if something is wrong with
the system. The only way to find out if all systems are functioning is a physical tour of the
system to see if there is anything that is out of the ordinary. Moreover, to be bore in mind
is that the OCS staff is not on site 24/7 but depends on the plant staff to signal if they

suspect anything out of the ordinary.

Furthermore, it was reported that the flow of the river is not constant especially in the
summer season coupled with the prevailing drought conditions in South Africa. This may
raise issues of concern about cumulative effects of discharge in the receiving environment.
No monitoring is done on the rivers and ponds to find out whether or not there are

cumulative effects on the river at the point of discharge.

5.4. Handling odour complaints

The subject of odours associated with wastewater treatment processes and its resultant
impact on neighbouring communities is not uncommon (Gostelow & Parsons, 2000). While
policies and legislative frameworks have been promulgated in recent decades to manage
the emission of odours from such facilities (Brooks et al., 2010), experience on the ground
reveals that much more needs to be done to salvage the situation. A general increase in
environmental awareness and individual’s right to determine one’s backyard environment

could be seen as some of the accelerators to the rise of complaints emerging from
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communities bordering sewage treatment works and other odour producing facilities
(Gostelow & Parsons, 2000). Unpacking more of the proponents of such complaints
featured issues such as the complex nature of odour, overload on wastewater treatment
infrastructure as a result of an increase in urban population, encroachment of community-
dwelling to wastewater treatment facilities and an increase in awareness of consumer
rights (Gostelow & Parsons, 2000).

Regarding handling odour complaints resulting from the wastewater treatment process,
the city does not have a participatory approach with the community; it, however, is said to
welcome odour complaints. The community had a different opinion to this as Figure 5.5
shows that 71% (n=22) of the population that took part in the community survey had never
complained while 29% (n=9) had complained.

W Yes

= No

Figure 5.5: Representation of those who had ever complained versus those who have never
complained

When asked why they had never complained, the majority of the respondents (45.45%)
said they were frustrated because nothing was done to change the situation, while 40.91%
did not know whom to lay their complaints with. A smaller percentage (13.64%) said they
did not complain because the odour is better now compared to what it used to be. This

information is presented in Figure 5.6 below.

83



0.5000

0.4000

0.3000

0.2000

0.1000

0.0000

Odour is better
now

Don't know
where to
complain

Nothing gets
done

Figure 5.6: Reason for not complaining

In their opinion, complaints are not welcome neither are they taken seriously enough to

be addressed. Some argued they have been sent away for being persistent like

Brespondent 5 who had a bitter experience and painted it thus;

“What is the use complaining when no one takes you seriously? | went there before
to their office here in Athlone the first time they say | must go to the office in Cape
Town. | went there again some other time, and they said their machines are offline.
I went another time, and they chase me away. So you see, there is no use
complaining anymore because once they know your face and they are out of

excuses, they chase you away”.

More evidence of the response driven approach to odour management at the Athlone

WWTW was portrayed in the procedure used to follow up an odour compliant. For

instance, when logging a complaint, the complainant must describe the nature of the odour

and detail where and at what time s/he experienced the odour. This information,

respondent 1 maintained, is crucial to enable the determination of the source of odour and

explained that;

13 Respondent 5 is a 49 year old coloured male who has lived in the Athlone community all his life. He was
interviewed at his residence on the 28" October 2016
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“When we receive a complaint, we go physically to the various treatment units to
try and find out. Because a person could say it’s us but there is a whole lot of other
odorous places around us, and then a person will just say | am smelling something
or | am offended by something they could just think it's the wastewater plant
meanwhile there is a dump site on the other side of N2, behind the two towers. So
we have to go in there to physically smell is it us or is it because if it is us, we are
expecting the smell of H,S (rotten egg smell)”.

If the investigation reveals that there is a faulty unit on site, then they would ensure that
more masking sprays go off to reduce the odour intensity while trying to fix the faulty unit.
Feedback would be given to the complainant that there was indeed a broken unit hence
the odour and a detailed report of what was done to solve the problem. Again, community
members had a different take on this, for instance, Figure 5.7 shows that out of those who
had made odour complaints, 63% said they did not get an adequate response from the

plant while 33% said they had an adequate response to their odour complaint.

m Adequate response

M Inadequate response

Figure 5.7: Response to odour complaint

Among the 33% who said they had received an adequate response to their odour
complaint, none attested to the plant management coming back to give feedback about
what had been done. The respondents assumed something had been done because the

odour level in their opinion reduced after their complaint.

However, if the investigation does not yield any signs of a faulty system, yet more masking
sprays go off to reduce the odours as respondent 1 explained. Likewise, with the
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biotrickling filter, if it is running and there are still odour complaints, the OCS staff will then
suggest that an odour test be performed to find out whether or not the system is removing
99.8% H,S as specified. It is then up to the city to approve and finance such a test. The
field study revealed that since the installation of the system, not up to two of such tests

have been done.

5.5. Community response to odour management at the Athlone WWTW

While odour management is complex owing to the subjective nature of odour perception,
the field study revealed that community participation forms an integral part to effective
odour management. Data collected from the community survey revealed that there is a
consensus that there exists an odour problem in Athlone. This odour problem has given
birth to a general feeling of discontent among community members in Athlone.

While community members unanimously agree that there is an odour problem, they do
not know what process is responsible for the odour. They argue that no one ever comes
around the community to find out how they are coping with the odour or if the odour level
is reducing or increasing. *Respondent 8 was very emphatic that there must be a better
way of managing the odour since technology is advancing. She added that on some days,
the smell is not as bad as other days hence they can find out from the community what
days are bad and what days are not so bad and work out something to manage the smell
better.

The need for community participation is suggested in the responses from the community
members. They were affirmative that if management integrated community inputs, the

odour levels would reduce.

More so, in addition to the fact that most community members were frustrated that nothing
seemed to be done hence, they did not feel the need to complain; they were also frustrated
that the characteristic faeces-like smell was unpleasant and it was embarrassing
especially when they had visitors. This situation is not pleasant especially since it has

been that way throughout their lives (most respondents have lived in the community all

14 Respondent 8 is a 75-year-old Coloured female interviewed at her Athlone residence on the 31
October 2016
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their lives). Especially so for *respondent 6 who grew up in that community and lives at
the fence boundary to the plant, her experience while growing up was portrayed as;
“The smell was so bad anyone who lived in the area was made fun of. So when
coming back from school in my school days, | would rather get off from the bus like
four junctions from my stop so that the other kids do not realise that | stay close to

Charlie. | would then walk a very far distance to get home”.

Albeit respondent 2 argued that the city has done infrastructural upgrades and planned to
do more of those to reduce odour intensity. Results from the field study revealed that much
more still needs to be done like 60% of the respondents registered a moderate
improvement in odour intensity. It is worth noting that a moderate improvement is a 5-6
score on a scale of ten while an excellent improvement is a score of ten out of ten. Figure
5.8 below shows a representation of how respondents rated improvement in odour
intensity in the Athlone community.

5%
5%

N

N Better

™ Fair

m Good
Excellent

m Worst

Figure 5.8: Level of odour improvement over the years

The displeasure towards odour in their community is also compounded by the fact that the
smell seems to always be there as 45.16% of the respondents reported that they
experienced odour at regular intervals higher than once a day as shown in Figure 5.9.

15 Respondent 6 is a 62-year-old Coloured female, interviewed on the 31 October 2016 at her Athlone
residence
16 Charlie is the nick name given to the odour and Athlone WWTW given by the community members
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Figure 5.9: Frequency of odour occurrence

On the contrary, the plant management suggested that odour buildup would only happen
if their systems were not functioning optimally or if there was a breakdown in one of the
units. This situation would only last for an hour or a couple of hours till that problem was
rectified. Respondent 1 further explained that they hardly ever experienced such
problems. That means if that were the case as reported by respondent 1, odour
occurrence in the community would be less frequent. However, that is not the case since

odour occurrence is reported to have a frequency of occurrence higher than once a day.

5.6. The role of the weather in odour dispersion

An attempt to understand the dispersion of air pollutants (and odour) without taking into
consideration the role of meteorology will yield less than adequate results. The purpose
of this section is to link results of the community survey with meteorological conditions in
an attempt to show how meteorology influences the dispersion of odour. This will, likewise,
answer the research question how do the prevailing atmospheric conditions influence the
dispersion of odour in the area?

In this section, the role of weather on odour dispersion is dealt with as was reported by

community members in their daily experience of weather in their community.

While odour is a daily occurrence in the Athlone community, the field study uncovered that
particular weather conditions, the season of the year, as well as time of the day played

some dynamics on odour intensity
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The highest daily intensity of odour as reported by the respondents in the Athlone
community was portrayed as shown in Figure 5.10. Twenty-six per cent (26%) of
respondents said odour was rife at midday and the same percentage argued in their
opinion, odour intensity was worst at night. This was closely followed by 19% who felt it
was somewhat worst in the mornings and evenings. Sixteen per cent (16%) felt it was
worst during the mornings just before sunrise while 7% said it was worst in the evenings
just about sunset. However, a smaller percentage (6%) felt that the time of the day did not

influence odour intensity.
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Figure 5.10: Diurnal odour occurrence

Unpacking the influence of local weather on odour intensity, 66.67% of respondents
registered that odours they experienced in the community were worse when weather
conditions were still with little or no lateral winds. However, 23.33% in their experience
concurred that odour intensity was highest with windy conditions, followed by 6.67% who
said that odour intensity was high irrespective of the prevailing weather condition while
3.33% said they experienced high odour intensity when it was foggy. Figure 5.11 is a
presentation of odour intensity as experienced by the respondents.
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Figure 5.11: Odour intensity with different weather conditions

Data collected further revealed that seasonal variations made odour intensity more

prominent as shown in Figure 5.12.
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Figure 5.12: Odour intensity and season of the year

The figure illustrates that 61.29% of respondents associated high odour intensity with the

summer followed by 19.35% who argued it was slightly worst in the winter while

interestingly, 19.35% maintained that irrespective of the season, odour intensity was high.
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5.7. Challenges in odour management

As mentioned earlier in this thesis, odour management is a complex issue especially given
the fact that the perception of odour is subjective. The rising level of environmental
awareness does not make the situation more manageable as more enlightened people
demand clean air in their backyards they rightfully pay for (Gostelow & Parsons, 2000;
Gostelow et al.,, 2001; Lebrero et al., 2011). Further, the odour is an Environmental
Management problem that involves people hence its management must incorporate the
people element (public participation). Therefore, an odour management plan must be
unique to the facility in question since each location has its unique prevailing atmospheric
conditions. In this context, challenges encountered during odour management will also
vary from plant to plant. In the case of Athlone WWTW, the most challenging aspect of
odour management was the intangible nature of odour. It cannot be contained but must
be managed. What was even more difficult was the fact that the plant’s staff olfactory
senses have acclimatised to the smell making it hard for them to pick up odours to quickly
avert odour complaints. Respondent 1 further explained that the problem of land
availability has resulted in encroachment of development of residential dwellings near
WWTW, thus increasing complaints.

Further, the facility is in need of an infrastructural upgrade since it cannot handle the level
of sewage it is currently receiving. According to Respondent 2, this long overdue upgrade
has not taken place due to lack of funds. The corrosive nature of H,S is fast depleting the
covering that enables proper suction of odorous gases to be treated. This means the
covering needs to be continuously replaced; hence funds also need to be directed towards
this.

For respondent 7, the most challenging aspect of odour management was the non-
legislated control of odour. Odour is dealt with very briefly in Section 35 of the NEMAQA.
It only states that measures should be taken to prevent offensive odours without
prescribing the specific measures that need to be taken as it does with listed activities.
Hence a non-listed activity like the operations of WWTW is only obligated to comply with
section 35 of NEMAQA. Also, there is no national minimum standard for H.S which is the

major causative agent of odour in WWTW. Therefore, to justify that the plant is not guilty

17 Respondent 7 is the Head of Air Quality Management Unit for the City of Cape Town interviewed on the
4th July 2016 at his Goodwood office
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of producing odour, they have to present data showing that the minimum standard has not

been exceeded, but there is no such standard. Here is what respondent 7 had to say

regarding this;
“The biggest issue is the legislative problem, the fact that you do not have a really
strong regulation around this issue. We don’t have national air quality standards,
we have asked it from the national minister from the Western Cape government,
we’ve asked that a national ambient air quality standard be established for H,S
particularly. But...but there is a reluctance to do so. Probably they are going to do
that”.

He further explained that the reluctance to publish a national minimum standard for H,S
could be because the DWAS, which is the mother body governing the Athlone WWTW, is
understaffed regarding being able to enforce governance. He also alluded that since the
plant is run by the local government (City of Cape Town) and implementation of legislation
is the responsibility of the national government (DWAS), hence an overlap between the
two arms of government could be the contributing factor to the reluctance to publish a

national H.S minimum emission standard.

5.8. Conclusion

This chapter presented the results of a community survey in answering the research
guestions how odour is managed at the Athlone WWTW and what is the perception of the
community towards the management of odour in their neighbourhood. In doing that, the
chapter presented results of findings emerging from the assessment of how odour is
managed at the Athlone WWTW but specifically looking at its current treatment strategy,
what its management approach encompasses vis-a-vis the broader environment (people

aspect). Results revealing how odour complaints are dealt with and the community’s take
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CHAPTER SIX

DISCUSSION OF RESULTS

6.1. Introduction

The emerging findings from chapter five in this study are that the Athlone WWTW fails to
internalise the externalities of its wastewater treatment activities. This means that the plant
management 1) fails to adequately take into consideration atmospheric dynamics which
influence the dispersion and resultant perception of odour from its activities and 2) does
not factor in the impact of odour resulting from their activities on the surrounding
community. The chapter argues that management of odour is inherently myopic, focusing
more on an engineered expert-oriented approach instead of a holistic, participatory and
community-oriented management approach. This chapter aims at consolidating scientific
atmospheric data and empirical social data in an attempt to understand how odour
management at the Athlone WWTW influences the broader environment which includes
the social or people element, as an approach to sustainable Environmental Management.
In doing this, the chapter focuses firstly on the policies under which such a management
approach is premised and how these policies act as an enabling mechanism to
compromise sustainable Environmental Management. Secondly, the relationship between
the plant odour management and the surrounding community will be brought to view to
show the dynamics and missing links that debilitate this odour management strategy.
Finally, it is shown that in as much as odour is an issue that plagues the physical
environment and is influenced by physical parameters such as wind speed and direction,
its perception is socially constructed. This was done by collating the scientific atmospheric
data and social data from the community survey to draw linkages between the two

datasets.

6.2. Policy consideration- the international versus the local perspective

Emerging findings from this study suggest that odour is not considered as a severe
environmental problem. This stance is reflected in many aspects including the fact that
odour management only started recently (2010) meanwhile the plant was commissioned
in the first quarter of the twentieth century (1923). The reason behind this take can be

associated with the legal framework guiding practices of gaseous emitting facilities to
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define air quality, the risk to the environment and public health internationally. This
framework is the World Health Organisation (WHO) Air Quality Guidelines. This document
does not provide guidelines for H>S which is one of the leading gases resulting from
wastewater treatment. As a result, one could interpret such an omission to mean that there
is no direct relationship between exposure to this gas and health effects. Therefore,
processes associated with its release (such as WWTW) are not given enough attention in
policy considerations. This omission has been translated to the national legislation guiding
the activities of wastewater processes where there are no clearly defined enforceable laws
mandating such facilities to ensure minimum odour concentrations in the atmosphere.
Reason being that, as stated in the NEMA Air Quality Act, the odour is a nuisance or in
other words, not a major environmental issue or at least not severe enough to necessitate
a policy regulation with specific minimum exposure measurements such as the other
defined parameters. To make matters worse is the fact that there are no national minimum
standards for H,S making enforcing or even monitoring of Section 35 of the NEMAQA 39
of 2004 impossible. What then happens when community members insist that they
experience high levels of odour concentration in their community (as was the finding from
this study) yet the plant management argue that this is not possible since they have “taken
all reasonable steps to prevent the emission of any offensive odour” as stipulated in
Section 35 of the NEMAQA 39 of 2004? This is a deterrent to the execution of a
sustainable Environmental Management approach which the Act is supposedly
propagating and therefore a contradiction. How so? Odour is socially constructed by the
individual perceiving it, and as Brookes et al. (2010) put it, the degree of tolerance is
determined by the receptor’s unique socio-economic situation, historical background and
social expectation. In the case of the Athlone community, this backdrop was evident in
their responses to odour management -typical responses such as “...my grandparents
were born here and even me, since | was growing up the smell is always there. We do not
like it but what can we do?” A majority of the population is unemployed, so the option of
relocating to another neighbourhood is a bit farfetched.

Despite all these, from the viewpoint of the community members, odour in their
environment is indeed a major environmental problem and this to them (in part) is because
of their spatial proximity to the source of emission. It is also because of the fear of the
unknown - they do not know the details of the process that is responsible for the odour,

and they, therefore, fear that odorous emissions may have dire consequences on their
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health especially for children and older people. This finding is consistent with findings from
previous studies where the perceived risk was fortified by the uncertainty of negative
health implications associated with odour emissions from the plant on children and the
elderly (Wilson, 1996; Taylor et al., 1997; Luginaah et al., 2002). The views of these
communities, their anxieties, fears and uncertainties are excluded entirely in the broader
management of odour, and this starts from the policy itself which fails to incorporate these
issues to facilitate management. This is unacceptable especially at a time like this when
there are increasing levels of environmental awareness and therefore high expectations
on the government (local and national) to ensure environmental justice. This inherently
calls for concerted efforts on the part of the government and policymakers to set standards
that define what exactly an acceptable odour concentration is and what degree of
tolerance is permissible (Lebrero et al., 2011).

6.3. The relationship between odour management by Athlone WWTW and the

neighbouring community

Odour management is tantamount to the management of the environment. Odour is an
issue that affects the way we interact with the environment so when managing odour, it is,
in fact, managing the environment and therefore, all interested and affected persons need
to be involved especially as it affects their livelihood. Speaking of livelihood, we refer to
their wellbeing which is the way the people perceive their environment concerning the
odour being emitted from the WWTW. Looking at the management approach adopted by
the Athlone WWTW, it is evident that so much effort is focused on the capability of the
biotrickling filter technology and the odour masking spray. However, no performance tests
or monitoring in the form of a survey has ever been done where community members are
involved in finding out the strength of performance of this technology from the perspective
of the community. In fact, recent studies have shown that 85% of the commercially
available masking sprays do not deliver the acclaimed odour masking potential even at
maximum doses and under supplier specifications (Decottignies et al., 2007; Bruchet et
al., 2008). Even the efficiency of the treatment technology on a day-to-day basis is yet to
be proven since no performance tests have been done to prove that it is indeed removing
99.8% of H,S. In this light, one can say without fear of contradiction that the confidence in

the technocratic, expert-driven approach is misplaced. A representation of the
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stakeholders involved in odour management at the Athlone WWTW as shown in Figure

6.1 is one where the community takes the role of an invisible stakeholder.

Administrators
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Figure 6.1: Relationship between odour management by Athlone WWTW represented by the City
of Cape Town and its stakeholders

As shown in the diagram above, all the other stakeholders (including the law and
regulatory bodies, the administrators, the City of Cape Town which owns the facility, the
Department of Water and Sanitation which is the mother body of the City of Cape Town,
the Provincial Department of Environmental Affairs and the engineers and scientific
experts who built the odour treatment technology); work together and are each actively
involved in the decision making process. However, there is yet another group of
stakeholders who are there in principle as stakeholders but are not actively involved in
any decision-making process. These are the community members of the Athlone
community. This is ironic because the issue that brings these stakeholders together is
odour management and it directly impacts the lives of these neighbouring communities-
the very ones who have taken the back seat in this entire dynamic. Evidently, the only time

there is an engagement of any sort between the plant management and the community, it

96



is initiated by the community in the form of a complaint. Therefore, it is paramount that the
community members actively take part in the process that manages odour in their
environment. Unfortunately, this is not the case. Nonetheless, if there was indeed active
participation on the part of the community whereby they are given the opportunity to be
part of the decision-making process of an issue that affects their lives, then and only then
would the management approach be described as inclusive or participatory.

In this case, community members would be able to see for themselves that something is
being done rather than just being told that the plant is managing odour emissions. Indeed,
the spray dispensers are visible to the community as they are planted along the entire
perimeter of the plant, but an inclusive, participatory approach will make a difference in
the way the community relates to odour management by the plant. Yes, it is true that the
nature of wastewater treatment will always produce odour of some sort, but if the
community were brought into the management process, their response to resultant odour
would be more agreeable. It should be noted here that participation is not only to influence
decision making regarding how odour should be managed by the WWTW, but it also has
to do with changing the community’s perception of the plant and the attempts that the
management is making so they can appreciate the difference for themselves. This,
therefore, raises the question why are communities not involved in the odour management
process? Perhaps the answer to that question stems from the public deficit model
paradigm that Wayne (2005) refers to that lay people are unable to arrive at a textured
understanding of technical details and as such need only be given scientific facts by
scientific experts. Hence the plant management does not see the need to involve the
community in the odour management strategy.

However, emerging scholastic literature argues that it is paramount to take into
consideration the layman’s concerns, even if these concerns do not have strong ties with
scientific facts, they still constitute social facts and it is, therefore, important to consider
them in order to properly understand risks as per the layman (Renn, 2008; Brooks et al.,
2010). However, sadly, the majority of the people do not even complain. Those who want
to do not even know where to complain, or whom to complain to. Others who have formally
complained do not see any difference that their complaints make. So, it is clear that there
is a sense of powerlessness on the part of the community as they are out of options
concerning how to deal with the odour that plagues their environment. However, they

believe that the management of the facility can find a better way of managing their odours
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to reduce odour levels in the community. In other words, they relinquish power to the plant
management and trust in technological advancement. On the one hand, they are
disgruntled that nobody ever involves them to find out their opinions about odour levels or
how they are coping. On the other hand, they expressed faith in the plant management
and science to find a solution especially a solution that integrates their input or
participation. This is integrating participatory Environmental Management- an approach
that is recommended by NEMA Act 107 of 1998 to encourage the use of all forms of
knowledge including traditional and ordinary knowledge and heralded in the sustainable
Environmental Management discourse. That is why in Irwin’s (1995) opinion, knowledge
is not simply constructed by expert analysis but also through the values of a collection of
communities including scientific, local and administrative. Elsewhere, it has been shown
that decision making processes that included public participation have produced better,
fairer and balanced decisions (Wester-Herber, 2004). Therefore, involving these people
in the odour management process will go a long way in changing their perceptions on the
way odour is being managed while re-establishing a proper sense of place of their
community which has been affected by odour from the WWTW and achieving a

sustainable odour management effort.

6.4. Social construction of odour as a physical environmental problem

It is important to reiterate here that two types of data sets were used for the current study
to understand how odour is managed at the Athlone WWTW and how this management
impacts the surrounding environment. Firstly, as outlined in the methodology (chapter
three) and as presented in chapter four, atmospheric data was used which provided
measurements of wind speed and direction and was analysed using wind diagrams to
show their influence on odour dispersion in that community. This data was supplemented
by empirical social data to show how the community perceives odour. The aim of
integrating both data sets was to try and demonstrate how these data are integrated or
congruent with what is being perceived by the community or to show the various points of
intersection between both data sets. Such integrations are apparent when results from the
community survey show that, a portion of the community agree that odours are high at
early in the mornings and at night, a time when low nocturnal temperatures act as a break
in wind speed. This resultant low wind speed prevents atmospheric ventilation causing

increased odour intensities. Respondents of the community survey also agreed that odour
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was influenced by particular local weather conditions such as still conditions (that is still
weather with no lateral winds). According to these respondents, highest odour intensities
were experienced during calm weather conditions. This fact is corroborated by scientific
data which demonstrates that when no lateral winds prevail, there exists no effective
mixing and hence no dilution of odours in the atmosphere. The result is odour build-up
and high odour intensities; what was being reported by respondents who felt odour
intensities were high when no winds prevailed. Such results are coherent with results from
others studies on the influence of weather in the dispersion of pollutants in Cape Town
(Jury et al., 1990; Wicking-Baird et al., 1997; Piketh et al., 2004; Weber, 2004; Walton,
2005; Gwaze et al., 2007; Jenner, 2013; Abiodun et al., 2014).

Albeit these linkages, results from the community survey suggest some contradictions.
For instance, the majority of respondents reported that they experienced more odour
occurrences in the summer. While results from atmospheric data of wind speed and
direction showed that wind speed is significantly reduced in the winter; a period when
temperatures are very low meaning reduced chances of atmospheric ventilation and
increased chances of odour occurrence. This supposed contradiction can be associated
with the fact that winters in Cape Town are cold and rainy (wet). In this case, the apparent
response to such weather conditions would be that residents remain indoors with closed
doors and windows making it difficult for odours to creep into the house or for residents to
even notice odours. Secondly, rainfall has been described as a cleansing mechanism
through which air pollutants are purged out of the atmosphere (Jury et al., 1990).
Therefore, it is probable that the rain episodes wash out odorous gases from the
atmosphere in the winter months hence respondents do not notice odours in the winter.
Conversely, in the summer, temperatures are usually high, with high wind speeds allowing
for adequate dispersion of odour and air pollutants. Under such conditions, it is difficult to
experience odours, but survey results show that respondents reported that they
experienced odour in the summer especially about midday when temperatures are high.
This seemingly inconsistent finding can be associated with one or more of the following
reasons. Firstly, because summers in Cape Town are usually dry, hot and windy, there
tend to be more outdoor activities (gardening, ‘braaiing’, outdoor exercise, or just sitting
out in the yard) hence chances of noticing odours is increased. Also, it is important to note
that even though wind speed and atmospheric stability are the significant determinants of

odour dispersion, they are not the only determinants of odour dispersion. Other factors

99



such as emission rate also determine the degree of dispersion. Odour emission rates
increase with an increase in temperature (a common phenomenon in the summer). With
such high emission rates, it is possible for odours to travel long distances even under
atmospheric turbulence (Guo et al., 2006). Hence this would explain why respondents
reported odour occurrence in the summer despite high temperatures and wind speed.
Another reason for such results could be associated with bias from being frustrated with
odour nuisance, so respondents tend to exaggerate in their report in a bid to get attention
and a solution to their plight. This is probably because results also revealed that there
exists a high level of dissent among community members against odour in the
atmosphere.

It is equally important to note that some respondents (though a smaller percentage)
reported high odour occurrence in the winter. This is consistent with scientific data and
with other studies conducted in Cape Town concerning the influence of meteorology on
pollutant dispersion (Wicking-Baird et al., 1997; Piketh et al., 2004; Jenner, 2013; Abiodun
et al., 2014).

Notwithstanding, this does not dispel the fact that the prevailing atmospheric conditions
influence odour dispersion and its resultant perception. Compelling evidence of this has
repeatedly been shown in academia. The location of the Athlone WWTW and its
surrounding community in a valley, trapped by the Cape Peninsula Mountain range and
the Bottelary Hills further enhances the stability phenomenon which prevents the vertical
transport and dispersion of odour. Surface inversions which are responsible for stability
conditions are very common in the winter period in Cape Town. Therefore, even though
odour is socially constructed and resultant response towards it is underpinned by the
individual socio-economic situation and historical background, it is also a physical
environmental problem that needs sufficient attention and consideration in equal weighting

like any other “pressing” issue that plagues humanity.
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6.5. Conclusion

This chapter dissected the main findings of the current study and the discussion was
mainly centred on two core elements that were missing in the management approach
adopted by Athlone WWTW. These were the failure to adequately integrate the influence
of the atmosphere on odour dispersion and the failure to integrate the impact of odour on
surrounding communities. The chapter went on to show the different elements that have
made such oversight possible such as weak policy framework guiding odour management
and the relationship (or lack thereof) that the plant management has with its surrounding
community who are the receptors of its resultant odour. Finally, the chapter integrated
empirical social data from a community survey and atmospheric scientific data to show
synergies and dichotomies in both data sets as a unique approach towards a more
participatory, community centred management that understands risk from the layman’s

perspective.
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CHAPTER SEVEN

CONCLUSIONS AND RECOMMENDATIONS

7.1. Introduction

The primary focus of this study was to investigate the odour management approach of the
Athlone WWTW, to understand its scope and how this approach impacts the broader
environment which is the people element. The following objectives steered the study

towards achieving this aim;

e Investigating what the odour management strategy at the Athlone WWTW
currently entails;

e Exploring the local atmospheric conditions to find out whether or not they influence
odour dispersion in the area;

e Investigating if at all the odour management strategies take into account the
influence of local weather on odour dispersion; and

e Investigating the perceptions of the community concerning odour management at
the Athlone WWTW.

The following section presents a summary of the previous chapters to show how each of
them systematically built on the overall attainment of the aim of the study. Then a
discussion of the critical findings of the study and concluding remarks ensues, while the
chapter concludes with limitations encountered during the study and recommendations for

future research.

7.2. Key findings

Based on data emerging from a community survey and atmospheric data, the significant
finding of this research indicates that the local weather of Athlone has a bearing on the
dispersion of odour, especially in the winter months. The dispersion thereof is enhanced
during summer through high temperatures and high wind velocities creating turbulence in
the atmospheric boundary layer. Turbulent winds are ushered in when anticyclones ridge
in from the South Atlantic Ocean, bringing with them high winds blowing in the

southeasterly direction. These high and turbulent winds efficiently disperse odour in the
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atmosphere of Cape Town during summer. In contrast, the dispersion is impeded during
winter not only because of normal low wind speed but also due to the combined effects of
atmospheric stability brought on by weak high-pressure systems, surface inversion and
the shielding effects of mountainous topography. Average wind speed is lower during the
night and reaches its peak between midday and 3 pm. Time series showed that most
years have two distinctive peaks in wind speed, indicative of summer months (around
January and October) when wind speed reaches its maximum. However, some years
experienced more than two wind speed peaks indicating the passage of cold fronts which
bring about increased wind speed in the winter and hence reduced odour concentrations.
Mechanisms responsible for these winds originate at the level of regional atmosphere.

Community survey data revealed that there is a general feeling of discontent among
Athlone community members associated with high odour levels in their community. This
feeling of annoyance has been fuelled by the presence of odour in that community which,
in the opinion of the community members, the odour has been in their community all their
lives. While community members unanimously agreed that odour is a problem in their
community, there is a debate with regard to the odour source. Athlone WWTW was
indicated as the most likely source of odour in that community. Respondents based their
choice of selection on the direction the odour seems to always come from, indicating the
location of the plant. This also affirms the influence of wind on the transportation or
dispersion of odour. An additional justification of the source of odour in the community is
the duration of stay and familiarity with ambient odours. A majority of respondents were
above thirty (30) years old and therefore have a good idea of the ambient nature of their

surroundings.

A majority of the members of the Athlone community believe that odour is worst during
summer and not during winter. Such misconception was attributed to the fact that most
people stay indoors during winter with locked doors and windows, making it almost
impossible to perceive odours from outdoors. Unlike winter, summer is a time in Cape
Town when most outdoor activities take place due to the hot, dry and windy conditions.
This being the case, people would be more likely inclined to believe that odours are worst
in summer because of the amount of time spent outdoors near the odour source. Further,
although atmospheric stability and wind speed are significant odour determinants, they

are not the only determinants. Other factors such as odour emission rates have been
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shown to increase with an increase in temperature and this could account for the reason
why some people felt that odours are worst in the summer. Further, the high level of
discontent expressed by community members towards odour levels in the atmosphere of
their community can indicate that perhaps, there was some element of bias in their report
to call attention to their plight and underscore the intensity of their displeasure. Hence, it
is logical to conclude that their response to the frequency of odour occurrence (even
during times when it is expected to be less) was somewhat exaggerated.

Though in the minority, a portion of the community agreed that odour intensity is worst in
winter when temperatures and wind speed is low. This is consistent with works done by
others proving that indeed, winter weather-characteristic of low wind speed and

temperature inversion and atmospheric stability prevent the dispersion of odour.

The study also found that odour management at the Athlone WWTW is a responsive
approach instead of a proactive approach. In other words, plant staff only goes out to find
if systems are functioning correctly only after a complaint is logged. Indeed, the only time
the plant management has some form of interaction with the community is when a
community member registers an odour complaint. There have been times when the plant
management disregarded or wholly ignored complaints, labelling the management
approach even less than reactive. Therefore, the management approach adopted by the

plant is neither integrative nor inclusive of the public.

Considering that the facility was commissioned for wastewater treatment since 1923
notwithstanding, odour management resulting from the process only started recently
(2010) after the biotrickling filter was installed. Ever since its installation, no odour testing,
as a monitoring procedure, has been done. Atmospheric dynamics do not influence the
odour management strategy in any way. That means the plant does not internalise the
externalities of its activities. This can be interpreted in some ways; for instance, it could
mean that the management has little or no regard of the external environment; or that
there is a lack of understanding and appreciation of sustainable Environmental
Management. Such conclusions are worrisome in the wake of increased levels of

environmental awareness and expectations.

Results also revealed that the Athlone WWTW is operating beyond its designed capacity

making it a high-risk facility to the receiving environment. This was justified by budgetary
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constraints. However, on a critical note, this further underscores the low regard for
environmental considerations. Things get done by prioritising essential needs and
allocating budgets appropriately. That being the case, if the expansion of the facility has
not been given due consideration especially after it has been flagged as a high-risk facility,
then it, unfortunately, affirms that the management has low regard for environmental

issues.

Despite high levels of displeasure towards odour levels in the community, community
members strongly believe public participation and integration in the odour management
process would improve odour levels within that community. This is a confirmation of the
principles of sustainable Environmental Management whereby the opinions of the
common man need to have its place in development, especially development that impacts
his wellbeing. Decision making processes that have included the common man have been
shown to produce better and fairer decisions. In like manner, if community members of
Athlone are integrated into the odour management process, it will result in a more

sustainable management intervention.

7.3. Concluding remarks

This study was premised on two main hypotheses; the first hypothesis was that the current
odour management strategy adopted by the Athlone WWTW is not holistic- that it fails to
take due consideration of the prevailing atmospheric conditions and its influence on odour
dispersion. It further hypothesised that community members of the Athlone community are
not happy about odour levels in their environment. In satisfying the objectives to answer
the research guestions, the results of the thesis are an affirmation of the hypotheses. The
failure of consideration of meteorological factors in the odour management approach
speaks of a lack of understanding of the relationship between atmospheric conditions and
odour dispersion and a general lack of appreciation of the resultant impact of odour on the
broader environment (the people element). This approach, therefore, defies the principles
of sustainable Environmental Management- a management approach that is all inclusive
of social, economic and ecological elements of the environment. Indeed, the Athlone
WWTW is making a genuine effort to reduce resultant odour to its surrounding
environment. Unfortunately, an intervention that does not integrate both science

(technology and atmospheric dynamics) and society (opinion of the common man) will
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yield less than sustainable results in the struggle to maintain minimum odour levels in

neighbouring communities, especially in winter.

The study has contributed to the understanding of odour emanating from facilities such as
WWTW as not only an aesthetic nuisance but rather an environmental problem that needs
to be given its due place of consideration. It is the first of its kind to aggregate scientific
and social data as an approach towards understanding odour management specifically at
WWTW in South Africa. The salient nature of laws and regulations guiding odour
management, have been the dominant deterrent to proper odour management at such

facilities.

7.4. Limitations and recommendation for future research

During data collection, the researcher realised that there might be some degree of
exaggeration in the responses of some respondents, for instance, reports that odours
were a daily continual (24/7) experience irrespective of the season of the day. Such
responses were associated with heightened levels of frustration of odour and a disregard
for their complaints. So, in a bid to bring attention to their plight, some respondents may
have exaggerated in their responses.

The researcher proposes that to establish a better link between meteorological conditions
and odour dispersion in future research, detailed weather conditions for days with odour
should be sampled as a step towards better odour management. Parameters such as
temperature, wind speed and direction, humidity and atmospheric stability are the

meteorological parameters of interest concerning odour dispersion.
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APPENDIX A
QUESTIONNAIRE FOR ATHLONE COMMUNITY

An assessment of the management of odour at the Athlone waste water

treatment works, Cape Town

Date of Administration:

Time Administered:

NOTE

v' This interview is purely for academic purposes and hence your name is not required to ensure

information is confidential and anonymous

Your participation in this study is entirely your choice and you can withdraw at any time
There are no incentives whatsoever given for participation in this research

The information provided may assist the Athlone Waste Water Treatment Works to better
understand the extent and impact of odour impact in your community.

Researcher details- Name: Colette Nchong Takwi; Masters student in the Department of
Environmental & Occupational Studies @ CPUT. 0714004616; email

colettent@gmail.com/212042173@mycput.ac.za

Supervisor details- Name: Zungu Vincent, Senior Lecturer. Department of Environmental &

Occupational Studies @ CPUT. 0214609064. Email ZunguV@cput.ac.za

1. Gender (tick applicable answer)

C] Male
O
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Female

2. Race (tick applicable answer)
D African

D Indian
C] White

D Coloured

3. Age

Employment status

Own business

Employed

O4d 0O s

Unemployed

5. a. Do you experience odour from external sources?

Yes

No

0 O

o

b. If yes is the odour experience regular?

[ ves
() No

c. If yes how regular is this experience?

~

D Once a day
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(] Once aweek
() Onceamonth
() More Often

8. d. Around which areas is the odour most offensive?

Inside the house

Next to the highway (N1) or on the streets

O
D Out in the yard
O
O

All of the above

9. e. How long have you been experiencing this odour event?

11. g. Is there a specific time during the day when the odour is experienced?

D Early morning
(] About mid-day

(] Early evening
() Atnight

11. h. Is the odour associated with particular weather conditions?

[
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ouUuoggd o

0O 000

Yes

No

hi. If yes which weather condition best describes when odour is experienced?

Still

Windy

Fog

Rainy

Any/All

H2. What season of the year is it worst?
Winter

Summer

Autumn

Spring

11. i. Describe the odour

11.j. How do you feel about this odour?
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11. 1. Is it always the same type of odour all the time?

11. m. Would you describe it as

() Rotten eggs

(] Rotten fish
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() Rotten meat
() Suffocating
D Urine/Faeces

11. n. Does it always seem to come from the same source?

() Yes
U o

11. o. Has the odour intensity changed over the years?

() Yes
D No

11. oi. If yes how has it changed and in what time scale?

11. p. Have you complained?

Yes

L No

11. g. If no why not?
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11.r. If yes, who did you complain to?
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APPENDIX B

CITY OF CAPE TOWN  Athlone WwTw Athlone WWTW Afhlone WWIW
ISIXEKO SASEKAPA Off Jan smuts Rd Off Jan Smuts Rd Off Jan Smults Rd
STAD KAAPSTAD Athlone 7764 Athlone 7764 Athlone 7764
Tel: +27 21 444 9198 Umnxeba: +27 21 444 9198 Tel: +27 21 444 9198
Fax: +27 21 638 5840 Ifeksi: +27 21 638 5860 Faks: +27 21 638 5860

E-mail: nonhlanhla.cele@capetown.gov.za
Making pragress possible. Together.

To Whom It May Concern

Please be advised that permissicn to conduct a study has been granted to the student details
appearing below:

Name of student: Colette Nchong Takwi

Level: Masters

Institution: Cape Peninsula University of Technology Cape Town
Name of Supervisor: Zungu Vincent.

Summary of area of study:

The research will be carried out by reviewing the current odeour management plan the facility
uses to see if it is a holistic plan or not and also to find cut whether it takes into consideration
meteocrology conditions of the local environment. It will also entail the review of atmospheric
data and how it influences dispersion of odour. Finally, it will also constitute a community survey
of the neighbouring community to find out their personal experience of odour nuisance.

Both parties City of Cape Town Athlcne WWTW & her agree (see student commitment
attached) that the contents of the study are confidential & therefore are limited for usage for
academic purpose only.

Yours Faithfully,
Fred Cupido

V3 02/:94[9 .

www.capetown.gov.za

Making progress possible. Together.
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APPENDIX C

Consent statement: Community Survey

With reference to the above title, you are kindly requested to participate
in the study in a form of answering interview questions designed to
address aim of the research study. The research study’s aim is to
assess the odour management system adopted and used by the
Athlone Waste Water Treatment Works (WWTW). It also intends to find
out how do you feel about the management of odour emitted from the
waste water treatment plant (\(WWTW).

Should you be willing to participate in this research, you could please
indicate by signing in the space provided below. Please note that your
participation in the interview is not compulsory which mean that you
can withdraw your participation at any time you so choose to. In
addition, any forms of material gains (such gifts) will be not be given
as an incentive to participate in the research.

Information for this research is purely for academic purposes hence
your name and identification is NOT required. That means whatever
you say to me, no one will link your utterances with your identity.
Information collected will be stored in a password protected computer.
Only the research supervisor in addition to the researcher will have
access to this information. The findings of the researching will be
shared with you.

Accept: Yes/ No

Signature..................ool Date...../.....[2016
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APPENDIX D

———

‘ Cape Peninsula
University of Technology

HEALTH AND WELLNESS SCIENCES RESEARCH ETHICS COMMITTEE (HW-REC)
Registration Number NHREC: REC- 230408-014

P.O. Box 1906 » Bellville 7535 South Afiica

Symphony Road Bellville 7535

Tel: 427 21 959 6917

Email: sethn@cput.ac.za
4 October 2016
REC Approval Reference No:
CPUT/HW-REC 2016/H37

Faculty of Applied Science
Dear Ms Colette Nchong Takwi
Re: APPLICATION TO THE HW-REC FOR ETHICS CLEARANCE

Approval was granted by the Health and Wellness Sciences-REC on 15 September 2016 to Ms Takwi for
ethical clearance. This approval is for research activities related to student research in the Department of
Applied Science at this Institution.

TITLE: An assessment of the management of odour at the Athlone waste water treatement works,
Cape Town

Supervisor: Mr V Zungu
Co-Supervisor: Dr M Ntokozo

Comment:

Approval will not extend beyond 5 October 2017. An extension should be applied for 6 weeks before
this expiry date should data collection and use/analysis of data. information and/or samples for this study
continue beyond this date.

The investigator(s) should understand the ethical conditions under which they are authorized to carry out
this study and they should be compliant to these conditions. It is required that the investigator(s) complete
an annual progress report that should be submitted to the HWS-REC in December of that particular
year, for the HWS-REC to be kept informed of the progress and of any problems you may have
encountered.

Kind Regards

Pk

Mpr. Navindhra Naidoo
Chairperson — Research Ethics Committee
Faculty of Health and Wellness Sciences
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APPENDIX E

2

)

South African
Weather Service

1509001 Cerlified Organisation

DISCLOSURE STATEMENT

The provision of the data is subject to the User providing the South African Weather Service (SAWS) with a detailed
and complete disclosure, in writing and in line with the requirements of clauses 1.1 to 2.4 (below), of the purpose for
which the specified data is to be used. The statement is to be attached to this document as Schedule 1.
1 Should the User intend using the specified data for commercial gain then the disclosure should
include the following:
1.1 the commercial nature of the project/funded research project in connection with which the User intends to
use the specified data;
1.2 the names and fields of expertise of any participants in the project/funded research project for which the
specified data is intended; and
1.3 the projected commercial gains to the User as a result of the intended use of the specified data for the
project/funded research project.
2 Should the User intend using the specified data for the purposes of conducting research, then the
disclosure should include the following:
2.1 the title of the research paper or project for which the specified data is to be used;
2.2 the details of the institution and supervisory body or person(s) under the auspices of which the research is
to be undertaken;
2.3 anundertaking to supply SAWS with a copy of the final results of the research in printed and/or electronic
format; and

24 the assurance that no commercial gain will be received from the outcome from the research.

If the specified data is used in research with disclosure being provided in accordance with paragraph 2 and the User
is given the opportunity to receive financial benefit from the research following the publication of the results, then
additional disclosure in terms of paragraph 1 is required.

The condition of this disclosure statement is applicable to the purpose and data requirements of the transaction
recorded in Schedule 1 on page 2. This statement is effective from December 2015.

Bolepi House, 442 Rigel Avenue South, Erasmusrand, 0181 Private Bag X097, Pretoria, 0001 Tel: + 27 (0) 12 367 6000
www.weathersa.co.za  Weatherlines 083 123 0500 USSD: *120*7297#

Board Members

Is Ntsoaki Mngomezulu (Chairperson) Prof. Elizabeth Mokowy ruv. usien Slock Dr Jasper Rees
Dr. Nolulamo Gwagwa (Deputy Chairperson)  Mr David Lefutso Mr Keabetswe Madimoeng Ms. Judy Beaumont (DEA Rep)
r. Jonty Tshipa Ms Sally Mudly-Padayachie Ms. Nandipha Madiba Dr. Linda Makuleni (CEO)
r. Rowan Nicholls Ms. Zandile Nene (Company Secretary)

COR-LETT.EXT.009.1
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), South African
)
@ Weather Service

Disclosure Statement

SCHEDULE 1

Please note: The South African Weather Service will only act upon customer requirements noted on this
disclosure statement and not from any other correspondence.

FULL PERSONAL DETAILS OF USER

Full Names Colette Nchong Takwi

University/school/organisation Cape Peninsula University of Technology

Student Number (if applicable) 212042173

Email address colettent@gmail.com

Cellphone 0714004616

Supervisor Zungu, V

Project/Thesis Title Assessing the management of odour at the Athlone Waste Water
Treatment Works

Current registered degree (e.g. BSc ) | MTech

Expected finalization date (MMYYYY) | December 2016

The South African Weather Service reserves the right to request, at any time, from the student proof of
registration for the Degree at the University.

THE PURPOSE (Please indicate a detailed description of the purpose for which the data will be used)

The data will be used to establish the climate of the study area. This will help illustrate why weather and
climate need to be considered when managing odour since odour dispersion is influenced by
meteorological conditions. Having established the climate of the study area, it will be clear why odour is
prevalent at particular times of the day and particular seasons of the year.

DATA REQUIRED (FPlease include the weather elements (e.g. rain, temperature), place/s and time period)

Surface and upper air data for (2005-2016);

Atmospheric stability, variations in mixing depth, atmospheric circulation patterns, wind speed, wind
direction, temperature, relative humidity, solar radiation, cloud cover and precipitation

| hereby accept that:
s SAWS will be acknowledged in the resulting thesis/project or when published, for the data it provided.
*  SAWS will be provided with a copy of the final results in printed or electronic format.
*  The data received shall not be proyided to any third party.

Date: 25/ 0\3/20/6

Signature of the User:

emplate Reference: CLS-Disclosure-001.8
S-CI-DS

Private Document Do
Record Refere

Page 2 of 3
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\-)“Scuth African
\_\_/) Weather Service

Disclosure Statement

(Please sign the document and do not type your name in as this is a legal document and requires a signature.)
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