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Central message  

Since the early nineteen eighties, drought restriction were managed using risk based multi-user priority 
rules and stochastic systems analysis for operational and development planning of the water 
resources in South Africa.  The definition of the risk criteria for restricting water users has largely been 
based on expert opinion and qualitative economic criteria.  The aim with this research is to develop a 
methodology for deriving the economically best restriction rule definitions for drought management and 
scheduling of augmentation requirements with specific emphasis on the irrigation sector. The validity 
and fairness of prioritising a large part of the agricultural sector at a lower assurance of water supply, 
has been frowned upon and requires more detailed analyses be carried out .  Therefore sensitivity 
analyses are necessary to better determine and understand the socio-economic impacts and effect of 
reduced water supply to temporary and permanent irrigation crops in the agricultural sector.  

Materials and Methods or Description of Intervention  

The approach entails analysing the effect various restriction rule settings will have on macro-economic 
indicators such as the Gross Domestic Product (GDP), employment and household income by 
allocating different levels of assurance of supply to the different water user sectors. This can be 
achieved by coupling the Water Resource Planning Model (WRPM) and an economic model such as. 
the Water Impact Model (WIM). Crop detail and varying assurance of supply requirements are 
incorporated into the WRPM to determine the available supply for a given restriction rule scenario.  
The main objective is to find the Net Present Value (NPV) at various discount rates for each economic 
metric per economic region which is influenced by a change in water supply .  By interpretation of the 
NPV’s, a decision can be made in terms of the risk criteria to be configured in the WRPM for the 
specific economic region.  Results from the developed scenarios will first be compared and from there 
additional scenario options can be derived to cater for extremes.    

Results and Discussion 

With reference to Figure 1, the user priority and risk criteria definition or table (A) is the primary input 
data set in the WRPM that is varied in the scenario analyses. The objective is to evaluate the 
economic implications of alterative settings of the user priority table with the aim to find the optimum or 
most suitable set of parameters.  The simulation of the water resource systems is undertaken with the 
WRPM (B) and through the application of the embedded allocation algorithm, drought restrictions are 
modelled.  The simulations are carried out for 1000 stochastic sequences considering both constant 
development and projections analyses of the configured network systems.  The output from the 
WRPM analyses for use in the further steps is times series of drought restriction levels (for 1000 
stochastic sequences) as determined at the selected annual or bi-annual decision dates in the 
simulation period (C).   
The Water Impact Model (WIM) is adapted to utilise the risk analysis time series and produce the 
required economic metrics such as GDP as a result of the water volumes supplied to the various crops 
considering the specific production budgets for each crop (D). The WIM produces annual time series 
of economic metric(s) and the output (1000 sequences) is graphically presented as probability 
distribution plots (box plots) for inspection and comparison among the scenarios (E).  In order to 
account for the time value of a time series of monetary metrics, the Present Value (PV) of each of the 
1000 sequences is calculated to provide a probability distribution of the PV for each scenario.  The PV 
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of the GDP is used to have one single comparable value for the economic output of the WIM for all of 
the simulated sequences i.e. the mean of the 1000 PV’s to serve as single metric output for a scenario 
(G & H). Contributions of the work 
The WRPM has been utilised by the Department of Water and Sanitation (DWS) for many years for 
water resource management and planning purposes.  Especially for short-term planning and the 
calculation of restriction requirements in times of droughts in order to protect and prevent water 
resources from failing to supply.  The decision-making process concerning the restriction of water use 
by the different sectors has mainly been based on expert opinion of the affected stakeholders.  With 
the concept of linking the WRPM with an economic model, the decision on water user prioritisation can 
be motivated scientifically and economically.  A key activity of the research was developing the 
required data (input and output) handling and calculation automation software utilities (algorithms) to 
sequentially perform each of the analysis steps shown in Error! Reference source not found..  The 
software utilities or scripts are developed in Visual Basic for Excel allowing easy linkage to WIM (an 
MS Excel-based model) and utilising existing text file processing methods that is available to 
manipulate the output of the WRPM.  With this enhancement of the existing software and the 
development of the concept, various scenarios can be analysed in different economic regions to find 
the optimal user priority criteria for restricted water supply.  Further research and development is 
required in terms of the linear relationship between crop water supply and crop yield as it currently is in 
the WIM compared to the actual relationship taking a form of non-linearity.   

 

Figure 1. Schematic illustration of the concept. 

References 

Armer, D. (1998). The management of water resources through simulation. Faculty of Economic and 
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Social media and learning in water resource management: a case study of Mpophomeni 
township. 
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endhi1@student.monash.edu 
** Monash South Africa, Water Research Node, Private Bag x60, Roodeport 1726, South Africa. Email: 
bimo.nkhata@monash.edu 
 
 
Central message 
Social media is an emerging form of communication used globally. It is particularly associated as a 
medium for; building trust; sharing knowledge and skills; building policies; debating and learning for 
sustained and meaningful change. Most recently, social media in developed countries has been found 
to be used by communities to monitor water points, share information on how to manage their water 
resources and engaging with the communities thus encouraging learning (Australian Government 
Management Information Office, 2006). This research looks at social media and learning in an informal 
settlement context. The authors argue that the use of social media promotes participatory learning and 
shared understanding among multiple actors which in turn enhances the adaptive management to 
address water resource management issues by local communities.  

Description of Intervention  

The research context and setting for this study is Mpophomeni Township located in Howick, Kwa Zulu 
Natal, South Africa. The township is located upstream of the Midmar Dam, the primary water supply 
dam for Howick and parts of Pietermaritzburg. Being an informal settlement, the provision of water and 
sanitation services is scattered with high occurrences of effluent discharge from this settlement into the 
Midmar Dam. 

Through the use of a qualitative case study approach the authors were able to get a perspective and 
understanding how local communities are using social media tools with support from various partners 
in addressing degradation of water resource caused by effluent discharge associated with quality and 
quantity.  

Several organisations already work in the area and were able to act as gatekeepers for entry into the 
community. A combination of in depth interviews and focus groups were conducted,  various respondents 
including the local authorities (uMgungundlovu and uMngeni municipalities, non-governmental 
organisations in the area (DUCT and WESSA), and Mpophomeni community members (Enviro-champs 
and other community members).  

Results and discussion 

In the African context, South Africa is viewed as the technological leader including the use of social 
media (Fuseware, 2012). However, limited research has been undertaken to examine how social media 
can facilitate the sharing of information by encouraging learning among local communities in managing 
problems associated with water resource management. This was the general position guiding this 
research. Whilst data collection and analysis are still underway the preliminary scoping exercise to the 
area revealed that mainly the local authorities and the non-governmental organisations are the main 
actors who are using social media to enhance participatory and action learning. They are using the 
social media to assess water resource management problems on the ground, designing and 
implementing different programs, monitoring, evaluating and adjusting there by encouraging learning. 
However, some of the respondents emphasised that one can receive and send information through 
social media but that does not necessarily imply one is learning.  Arguably learning requires an individual 
to reflect on (analyse) information that he or she is receiving. This analysis develops the critical skill 
necessary for interpreting the information. 

In addition to these initial findings, the researcher anticipates distinction between the type of s social 
media networks and what they are used for within the Mpophomeni Township. Such findings have 
implications on the role of social media in enhancing the adaptive capacity in addressing issues of water 
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quality management.  Moreover, the researcher anticipates to find how social media is facilitating 
learning at every stages of the adaptive management cycle (assessing, designing, implement, monitor, 
evaluate, adjust) in order to address the issue of water quality management.   

Contributions of the paper 

In cases, where communities mobilise themselves to manage or devise approaches to manage their 
water sources challenges of collective action and monitoring limit the effectiveness of these approaches. 
The use of social media has emerged as an approach to mobilise communities on sharing information 
about water resource management there by encouraging an innovative approach that address 
monitoring and participation among local communities. However, limited research has endeavoured to 
understand how social media can facilitate the sharing of information there by encouraging learning 
among local communities in managing problems associated with water resource management.   

This study contributes towards discourse aimed at understanding how learning through social media 
enhances adaptive co-management of water resources at community level. Moreover the results of this 
study may contribute to the development of more comprehensive social media platforms and assist local 
government and non-governmental organisations in working better with local communities.   
 
References 
Australian Government Management Information Office (2006). Responsive Government: A New 
Service Agenda. Commonwealth of Australia: Canberra. 
Fuseware. (2012). South Africa social landscape 2012. Infographic. Available from: 
www.fuseware.net/south-african-social-landscape-2012-infographic/ [Accessed November2016]. 
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Paper ID: 3748699 

 
Suggesting a Key Performance Indicator for Assessing the Impact of Pressure Control 
Management of a Water Distribution Network  on household water consumption 

D. T. Kofinas *, S. C. Laspidou ** 

* UTh, pedion areos, 38334 ,Volos, dkofinas@civ,uth,gr 
** UTh, pedion areos, 38334 ,Volos, laspidou@uth.gr 

Central message  

This paper is suggesting a way to reveal and to assess the benefit of WDN Pressure Control 
Management underlying on the reduction of households’ water consumption.  

Materials and Methods or Description of Intervention  

Pressure Control Management (PCM) of a Water Distribution Network (WDN) has risen as a popular 
strategy for minimizing leakage as well as optimizing overall the operation of the network in terms of 
avoiding unnecessary excessive pressure, minimizing possibility of bursts due to high loads on the 
pipes and minimizing costs for energy and treatment demands (Ulanicki et al., 2008). Parallel to the 
aforementioned benefits for the network, the method also has a positive impact on the household 
water consumption. This lies within the reduction of water consumption due to end uses lower 
pressure , or shorter, the reduction of pressure driven household water demand(Araujo, 2003).  
Town of Skiathos, Greece is a small town in the Sporades island cluster which has a WDN of 
approximately 3,500 water meters and a number of consumers varying remarkably from winter to 
summer due to seasonal tourism. For Skiathos WDN, a single District Metered Area (DMA) PCM 
approach based on the pressure demand at network critical points is currently implemented. With use 
of EPANET software, two different scenarios are simulated, the PCM scenario and the constant 
steady pressure scenario which is currently active. In parallel, 9 Skiathos households’ faucets are 
monitored through wireless sensors with a 30 sec time granularity, providing 2-year consumption data 
series. The water demand of the island shows a typical variation from day to night water consumption. 
There is a morning and afternoon peak while night flow is minimum and mainly consists of leakage 
(Fig.1). The variation of average day demand over the year follows the intense touristic activity of the 
island (Fig 2) (Kofinas et al., 2016). The WDN pressure temporal profile is formulated by the 
aforementioned dynamics, while spatially it is defined by the hilly bold of the town.  
In this work the difference between the 2 scenarios’ household water consumptions for the specific 
faucets is estimated. The estimation is based on the households’ elevation and faucets technical 
characteristics. Investigation on suggesting a proper KPI matrix for assessing an indicative impact of 
the PCM approach on the household water reduction is ran. The differences are estimated in m3 per 
hour of faucet on. For the needs of this investigation, the difference in consumption at households of 
different levels is estimated for different hours of a day which depict different urban demand, thus 
pressure, and for 4 trimesters of the year indicative of the touristic variation. 

Results and Discussion  

The estimated water consumption differences in m3/hour of faucet for the 9 households are presented 
in table 1. For each household a matrix of 8 values are presented for average 4 am and 9 am WDN 
pressure of the 4 trimesters of the year. This values are indicative of the higher and lowest potential 
per hour water savings for the 4 trimesters of the year. Our investigation shows that an indicative 
matrix for different elevation households can reveal the potential of water saving as a side effect of 
PCM in a WDN (Table 1). The potential differs from night to day and throughout the year as expected, 
depending on the site demand profiles. By having an overlook to the results one can see that there is 
great potential at water saving throughout year and throughout days. The lowest value estimated is 
0.38 m3/hr and the highest is 1.02 m3/hr. In the nights the differences are much higher. However, the 
night values only apply to a small percentage of water demand, that of night consumption. The day 
differences, which apply to much larger percentages of water consumption range between 0.38-0.42 
m3/hr for the 1st trimester to 0.70-0.94 m3/hr for the 4th trimester. 
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Figure 1. Year average water demand daily 

pattern 
 

Figure 2. Water system input volume 

Table 1. Difference in water consumption for an hour of faucet on between two scenarios of PCM and 
a steady pressure scheme for rush hour and night flow hours averaged for 4 trimesters (m3/hr) 

household 
elevation 
(m) a.s.l. 

1st trimester 
Jan-Mar 

2nd trimester 
Apr-Jun 

3rd trimester 
Jul-Sep 

 4th trimester 
Nov-Dec 

4am 9am 4am 9am 4am 9am 4am 9am 
1 13 0.45 0.42 0.85 0.78 0.86 0.68 0.86 0.78 
2  26  0.55 0.51 1.02 0.94 1.02 0.81 1.02 0.94 
3 24 0.57 0.50 0.97 0.89 0.97 0.77 0.97 0.89 
4  22 0.48 0.44 0.88 0.81 0.90 0.69 0.90 0.8 
5 12 0.50 0.40 0.88 0.74 0.80 0.64 0.80 0.73 
6 25 0.57 0.47 0.92 0.84 0.92 0.73 0.91 0.84 
7 8 0.51 0.42 0.83 0.76 0.83 0.66 0.83 0.76 
8 3 0.46 0.38 0.77 0.70 0.77 0.61 0.77 0.70 
9 10 0.52 0.44 0.89 0.81 0.89 0.70 0.89 0.81 

Contributions of the work (11 pt Times new Roman) 

PCM is a well-known technique for dealing with WDN leakage. The multiple benefits of this strategy 
extend to bursts reduction and energy saving other than leakage reduction. In this paper, another 
hidden benefit of the method is explored, the reduction of pressure driven household demand due to 
pressure reduction. An approach is proposed for estimating specific values of household water 
savings creating an indicative matrix which could work as a KPI for the water consumption reduction 
due to PCM. The results show that the potential of water saving is remarkable. The water consumption 
reduction fluctuates throughout the year and days depending on the water consumption profiles. The 
elevation distribution of the housewolds also shapes the potential in water saving.  

References 
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areas with boundary and internal pressure reducing valves. In Water Distribution Systems Analysis 
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International Conference on Advances in Water Supply Management. 
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Paper ID: 3749913 
 
Water Supply and its challenges in Rural El Salvador  
ML, Marion Liemberger*  
* Lindengasse 44a, 1070 Vienna, Austria marion@liemberger.cc  
 
Central message  
Analysing the water distribution system in El Milagro enables the community to improve its water 
supply and by monitoring water consumption awareness for use of water is raised.  
 
Introduction  
The author of this abstract has worked for four months in Tecoluca (El Salvador) where she carried out 
the field works for her master’s thesis. The Municipality of Tecoluca covers a large area with many 
small communities which have very diverse organisational structures. Therefore, this analysis was 
only carried out in one of the multiple communities. The community El Milagro was chosen because of 
relatively good data availability within the municipality and greatest working support. The proposed 
paper will not only summarise the experience made but provide insight on how the community 
manages the water supply and the associated its challenges.  
 
Materials and Methods or Description of Intervention  
Interviews with homeowners were carried out to better understand the community’s needs and 
problems regarding water supply as well as possible drivers and motivation for change. These 
interviews included general questions about water supply and consumption, in-house water access 
points and storage, water quality and consumer satisfaction with the system and its management. Site 
visits allowed the author to obtain a more detailed understanding of the current water supply 
distribution network and possible points of improvement. A land survey helped to identify the 
differences in height to further develop a water pressure model. System input was obtained by 
measuring the spring discharge and existing data from water meters was used to estimate water 
consumption. Further, the length of the pipes was estimated based on existing plans of the piped 
network and all information gathered was then fed into the IWA water balance sheet (Lambert, 2001) 
to obtain a water balance model and further calculate water loss performance indicators to objectively 
underpin the observations made.  
 
Results and Discussion  
The area of El Milagro has a population of some 500 and a distribution network of little over 1.5 km 
supplying around 130 customers. The supply time varies between 1 and 18 hours, depending on the 
location within the network. In 2015 the level of non-revenue water (NRW) was 23 m3/day or 32 % of 
the system input volume. Water balances for previous years had to be largely based on estimates due 
to the lack of information on the system input.  
The paper will briefly describe the water distribution system and show, using the IWA water loss water 
balance and performance indicators, an estimated theoretical development of the situation since 2012.  
 
Contributions of the work  
The work follows a preliminary study (Schaidreiter, 2016) carried out by an Austrian student working 
on her MSc thesis project in 2015 mapping the different water supply schemes in for the entire 
Municipality of Tecoluca. The author’s work was only focused on El Milagro due to the limited time 
span of the project and availability of information. In El Milagro, basic general information on water 
quality and quantity was available as well as population data following a census carried out in 2015 by 
the Municipality (Alcaldia de Tecoluca, 2007). El Milagro is an appropriate location for this study due to 
the following three considerations: personal safety, acceptance of foreigners as well as community’s 
willingness to participate in the project.  
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The author’s work focuses on the community’s water consumption pattern and the understanding of 
the water distribution network in the village. Because of limited time it was not possible to go more into 
detail and points for further research for future projects were proposed. The author was often faced 
with cultural discrepancies and its implications, making efficient work more challenging or sometimes 
impossible. Data and information was not often shared or delivered or was delayed without warning 
forcing the author to constantly adapt the project in order to obtain enough useful information to 
successfully carry out her MSc thesis project.  
Unfortunately, time constraints did not allow for conduction of further interviews and more exact 
pressure measurements due to concerns about personal safety. In addition to the above, the issue of 
water wastage and leakage had been mentioned but it was found that more in-depth training is 
required to achieve behavioural changes in water usage and acceptance towards new technologies 
within the above mentioned village. The residents were eager to work, however sentiment towards 
different organisations, led to projects which were never successfully implemented or delivered. As a 
result trust in foreign aid became problematic. Most problems encountered could have been eliminated 
by working closer with the community members, as it was found that to run a successful project more 
time must be dedicated towards building trust between community and foreign agency.  
In light of the above, this project is an excellent example of the importance of small-scale development 
work, as it shows all aspects of introducing such a project, spanning the concomitant complications 
namely volunteer’s motivation to help, difficulties in terms of culture, language and primarily the lack of 
funding in general.  
The author summarises her findings and conclusions of this project as part of her MSc thesis and 
gives recommendations for further projects and research. Together with fellow students having worked 
in Tecoluca she now forms part of an advisory panel for future students and volunteers working on 
water and sanitation related projects.  
 
References  
Alcaldia de Tecoluca (2007) Plan Estratégico de Desarrollo Municipal de Tecoluca (2008-2013). 
Tecoluca, El Salvador: Alcaldía Municipal de Tecoluca.  
Lambert, A. (2001) ‘Water Losses Management and Techniques’, Water Science and Technology: 
Water Supply, 2(4), pp. 353–358. Available at: 
http://search.ebscohost.com/login.aspx?direct=true&AuthType=ip,uid&db=sih&AN=4318541&site=eho
st-live&scope=site.  
Schaidreiter, V. (2016) Establishment of a GIS database for Water Resources Managemebt: a case 
study on Tecoluca, El Salvador.   
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Paper ID: 3802742 
 
Can we drink from the springs?: A case study for the city of cape town 

 
The declaration of drought in the City of Cape Town (CoCT) during May 2017 led to the evaluation of 
various drinking water sources to augment the existing Western Cape Water Supply System (WCWSS). 
Natural springs have been seen as one of the alternative water resources to combat the drought issue. 
The CoCT investigated the water quality and stability of the potential springs in Cape Town: Newlands, 
Molteno, Palmboom, Main Collection, Beltzfontein, Vineyard, Waterhof and Springs Way Pipe spring.  
The main aims of this study were to evaluate whether the spring water quality from the City of Cape 
Town’s springs complied with SANS 214-1:2015 drinking water quality standards, and also to evaluate 
the chemical stability of the water.  Furthermore, to assess the water quality using microbiological 
determinands such as Heterotrophic plate count, total coliforms and Escherichia coli (E. coli). Chemical 
determinands such as conductivity, turbidity, pH, various metals, and various compounds were also 
analysed to assess the spring water quality.  The SANS 5667 sampling protocols were used during the 
sampling of the springs during 2014 -2016. All collected water samples were analysed at ISO 17025 
accredited laboratory.   
 
It was found that some of the springs such as Newlands and Palmboom do comply with the SANS 
241:2015 drinking water quality standards in their untreated state. However, most of the springs had 
unacceptable water quality as they were regarded as very high health risks due to the occurrence of 
Total coliforms and E. Coli. Some of the springs such as the Molteno spring were also associated with 
low health risks due to unacceptable turbidity, colour, concentrations of various metals (i.e. cobalt) and 
pH. Therefore, the disinfection of water from springs before introduction into the drinking water 
distribution system was highly recommended together with the implementation of sufficient operational 
controls, maintenance and a water quality monitoring programme. 
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Paper ID: 3745333 
 
The Identification and mapping of livestock grazing patterns and the grazing activity system in 
the Tsitsa River sub-catchment: establishing and restoring ecosystem services provided by 
hillside seep wetlands  
 
Q. Mkabile*, Prof C.G. Palmer**, Dr A. Palmer**, Dr S. Mantel** 
 
P O Box 94  
Institute for Water Research 
 Rhodes University,  
Grahamstown 
6140 
Q. Mkabile, qmkabile@gmail.com 
 
Central message 
Hillside seep wetlands are thought to be keystone habitats in dry seasons, their health has become of 
concern due to increased livestock grazing pressures. The study aims to understand temporal 
(summer and winter season) and spatial (quaternary catchment T12A) grazing patterns in order to 
establish the provisioning ecosystem services provided by hillside seep wetlands. Concurrently, 
exploring the activity system of  livestock owners and their interaction with the livestock and available 
resources. 
Materials and methods or description of intervention 
 

Conceptual theoretical framework 
 
 
 
 
 
 
 
 
Natural resources are threatened by damage and loss globally (Ostrom 2009). All resources that are 
used by humans are regarded as complex ecological systems; these systems have multiple variables 
within them and components which are influenced by the interaction of governance systems, the users 
of resources and the resource systems itself (Ostrom 2009).  Social and ecological systems have 
often been studied independently, furthermore, social and ecological issues have been analysed and 
solved with universal solutions that do not necessarily take scale and complexity into context (Ostrom 
2009). This study will use the complex social ecological system (CSES) framework to investigate 
livestock grazing patterns in relation to hillside seep wetlands as a complex social ecological system 
(Figure 1). This study supports the transdisciplinarity approach by incorporating knowledge from 
different disciplines such as Geographic Information Systems, Water Resource Science, and Animal 
Science (Figure 2). The research allows the incorporation of different disciplines in understanding and 
managing natural resources in different scales. 

Methodology 
Identification and mapping of livestock distribution in relation to hillside seep wetlands 

Complex Social Ecological 
Systems 

Transdisciplinarity 

Desktop Study: Geographic 
Information Systems (GIS) 
layers to preliminary predict 
presence of seeps, and identify 

potential livestock grazing areas 

 
 

Catlog GPS collars: Monitor the 
movement of livestock in summer and 
winter season 

Tlocoh: To analyse GPS collar data 

Figure 3: The conceptual theorectical framework used for the study 

Figure 4: The methodology used for data collection and 
analysis 
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1. To identify the hillside seep wetlands: 

 
 
 
 
 
 
Predictive layers 
A desktop study was conducted in ArcMap version 10.3.1, where layers: NDVI, Aspect, Slope were 
used to select suitable areas for hillside seep wetlands. These layers were generated from a 30 m 
Resolution satellite image downloaded from USGS explorer (Figure 3). The hillside seep wetlands 
identified from the GIS layers were then identified in the field and their GPS coordinates were taken.  

 
 

Observation (Ground truth) 
The identification of hillside seep wetlands using ArcMap were verified by ground truth, where they 
were identified using wetland characteristics: Soil colour and wetness (Mussel Soil Colour Chart), 
Vegetation types (using the step-in method).  
 
 
 

2. To clearly understand where the livestock in the catchment are:  

215 GPS collars were placed on sheep and 10 collars on cows to track their movements in the 
area. The collars were placed on quaternary catchment T12A; this is because the community 
members are quite familiar with researchers using their animals. In the long run, when the 
community members are comfortable, the collars will be placed on animals of quaternary 
catchments T35D and T35E, within the Tsitsa River catchment.   

 
Results and Discussion 
The livestock movement is influenced by the distance from the homesteads, this could be, because 
the livestock are herded and controlled by local herdsmen, thus resulting in livestock utilizing close by 
hillside seep wetlands (Figure 4). 

Figure 5: GPS points of the identified hillside seep wetlands, A layer constructed in ArcMap that 
identifies potential hillside seep wetlands and a combination of both GPS points and the potential 

hillside seep wetlands 
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Figure 6: The distribution of a cow in the 
study area, and the isopleth of the same cow, displaying were it spends most of its time 
 
Contribution of the work 
The impact of livestock grazing on ecological infrastructure is well understood, there seems to be little 
information known on the impacts of grazing on hillside seep wetland. Therefore the study investigates 
livestock distribution in relation to hillside seep wetlands. Livestock spend more time close to the 
homesteads and infrastructure close by. So far, livestock spend more time on the hillside seeps that 
are close to the homesteads. 
 
References 
Ostrom, E. (2009). A general framework for analysing sustainability of social-ecological systems. 
Science 35, 419-422. 
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Paper ID: 3749432 
 
Managing the unauthorized consumption in water supply systems: 
Case studies in South Africa 
 
T. Mphahlele1*, tmtirelo@gmail.com  
S. Sharma1**, s.sharma@unesco-ihe.org 
T. Al-Washali1***, t.alwashali@unesco-ihe.org  
M. Kennedy1***, m.kennedy@unesco-ihe.org  
1 UNESCO-IHE Institute for Water Education, Westvest 7, 2611 AX Delft, Netherlands 
 
Central message 
The main aim of this research was to review the current methods and practices of estimating 
unauthorized consumption (UC) and to develop a systematic methods and tools for its assessment. UC 
or water theft is one of the water losses which are difficult to manage due to their hidden nature. It occurs 
in form of illegal connections, meter tampering or bypasses and fire hydrant misuse. At present it 
remains a concern of managers in developing countries as there is currently a lack of knowledge and 
methods to estimate its magnitude or tools to detect and control it.  
 
Description of Intervention 
The study utilized both qualitative and quantitative research methodology in order to obtain in-depth 
sight of this issue. Information collected included primary data (interviews, visual observation and focus 
group discussions) and secondary data (water losses data from utilities database and desk study). 
These data were collected from three water utilities; City of Tshwane (CoT), Johannesburg Water (JW) 
and City of Polokwane (CoP). Furthermore, 45 households were also interviewed and 10 key informants 
who were identified during the field work.  
 
Results and Discussion 
UC practices from all the areas utilities are providing water were common. However, practices differed 
based on locations. For instance, illegal connections were more dominant in informal settlements and 
meter tampering, meter by-passes and fire hydrant misuse were more common in townships and cities. 
Additionally it was found out that water theft is not only practiced in low income areas but in all areas 
irrespective of economic condition. For example 46 % of respondents in high income areas mentioned 
that water used illegally because water tariffs were expensive, whereas 67% of respondent in low 
medium income areas stated that not everyone can afford the bills so people opted for meter tampering 
in order to reduce bills.  
 
Reasons of occurrence of UC are illustrated by figure 1.1 which shows the causes and effects of UC. In 
low income areas poverty and unemployment were found to be major cause whereas  in medium and 
high income areas dissatisfaction with the services was the root cause. On the hand the current 
approach (disconnecting water services) utilities are using to handle non-payments was also 
contributing to UC. Several studies have found out that previously disconnected customers were found 
to be illegal users. From these it can been seen that UC root causes are emerging from both internal 
and external factors. 
 
Moreover it was found out that quantifying these losses was still a challenge. Water utilities around the 
world and studied water utilities are currently relying on whistle blowers to detect UC and assumptions 
to quantify these losses. For instance, UC was assumed to be 31%, 30%, 53 % of apparent loss for 
CoT, CoP and JW respectively. The percentages of UC after estimations based on data collected and 
analysis were 25 %, 30% and 31 % of apparent for CoT, CoP and JW respectively.  Estimated UC from 
two utilities (JW and CoT) were below the assumed value. However, for CoP remained the same, which 
is not sufficient to conclude due to limitations such as absence of water theft records. These results 
show that using assumptions can lead misinterpretation of utility`s water loss status. Consequently 
affecting water loss management strategies. For example utilities may prioritize on losses which are un-
economical to reduce whereas serious losses are ignored. Therefore utilities should consider estimating 
unauthorized consumption using at least average consumptions, number of cases and other factors 
which may have a positive correlation with unauthorized consumption occurrence such as unserved 
areas and disconnected customers.  
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Using the primary and secondary data collected assessment tools were created. These tools were 
created considering all users; domestic and non-domestic, registered and unregistered. Number of 
reported and unreported cases and average consumptions were used to compute the volume of water 
lost. For unreported cases several, factors such as unserved areas and number disconnected customers 
were correlated with water theft and used to estimate the amount of water that utilities may be losing 
unaware of.. Lastly a 4-step methodology guideline for unauthorized water consumption for water 
distribution systems was proposed as presented in figure 1.2  

 
Figure 1.1: Unauthorized consumption root causes and effects 
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Figure 1.2 Unauthorized consumption management strategies 
 
Contributions of the paper 
To date, several water utilities are still struggling with quantifying UC. Quantifying its volume is currently 
challenging and difficult. Its sources and components are generally invisible and hidden (Xin et al., 2014. 
Consequently forcing water utilities to rely on assumptions and default values, which may lead to 
overestimation and underestimation of water losses. All this could have adverse impact on planned 
water loss management strategies. This research suggests a number of insights with regard to 
quantifying the volume of water lost due to UC. For instance estimation tools created suggests the use 
number of water theft cases reported and averages consumptions to estimate the volume of water lost 
rather than using assumptions which may be subjective. Furthermore it also estimate unreported cases 
using factors such as disconnected customers who never applied for reconnections and people without 
water. Additionally this study provides a unique theoretical contribution by providing guidelines and 
strategies of detecting, estimating, controlling and preventing UC.  
Therefore, the case studies are expected to build the knowledge of respondents within water utility as 
well as their users with regard to UC phenomena. Furthermore the suggested framework will help utilities 
in managing UC. 
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Paper ID 3753578 
 
The daily realities of Young people between the ages 16-35 living in Krwakrwa and Upper 
Ncerha Village, Easter Cape 
N.Nohayi, Meiring Naude Road, Brummeria, 0001, nnohayi@csir.co.za 
 
The purpose of this phenomenological inquiry was to explore and understand the daily realities of young 
people between the ages 16 and 35 living in Krwakrwa and upper Ncerha village. Using the lens of a 
Marxist perspective the focus was on exploring and developing the socio-economic inequalities that 
exist within the villages. The daily realities were generally defined as the everyday experiences of young 
people. Youth development in rural communities has been of interest for many years, but it seems too 
little attention has been paid to community engagement. Therefore, the researcher believes that a 
qualitative research study concerning the daily realities of young people living in Krwakrwa and upper 
Ncerha village, Eastern Cape can enable policy makers, which include traditional leaders and the 
University of Fort Hare at large, to view the lives of young people through different lenses. Such 
additional insights have the potential to influence development plans that meet the needs of all the young 
people in rural communities. Such plans that furthermore need to help future institutions develop 
systematic structures of learning and research that will lead to the development of rural communities.  
Face-to-face semi-structured interviews with young people from Krwakrwa and upper Ncerha village 
were relevant for this study as it involved a series of open-ended questions relevant for topic area I 
wanted to cover. Focus group discussions were also implemented because, as Flick, (2014:198) 
argues, focus groups allow the researcher to get close to those individuals who are not comfortable to 
engage in individual face-to-face interviews. The focus group for this study consisted of six participants 
which made it easier for me to control the discussion as opposed to having a larger group.  
 The study found that young people from these communities are caught up in a circle of many social 
problems that are continuously marking their daily realities. The participants however, were generally 
cognisant of the fact that their coping mechanism methods were not in any way constructive. 
Evidently, this study revealed that the communities are not only socially marginalised but also 
economically. Emerging challenges included high unemployment, poverty, and moderate access to 
basic services, an unsatisfactory education system, lack of sport and recreation and high rate of 
substance abuse. Moreover, there have been insufficient studies focusing on young people in society, 
particularly in partnering universities and communities in order to contribute to social economic 
development in South Africa and globally. I believe that overcoming the challenges presented in the 
study will bring traditional communities considerably closer to social cohesion and combating the 
inequalities from the past. 
 
Throughout this research, at no point did young people include “water” as their reality, which begs the 
question: why are young people not regarding water as an important issue in their lives? Why is 
money important than water? To what extent, is water an important reality to young people? These are 
some of the questions I reflect upon in the study. The majority of the participants argued that they had 
no social life; hence, they turn to substance abuse. Another important question that I ask and try to 
address is: what do young water professionals have to do to infiltrate that social space and build water 
awareness among young people? It is clear that there is a distinct gap that needs to be filled by young 
water professionals to engage young people because at the end of the day, young people are the 
future of the water sector. 
 
References 
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Paper ID 3748437 
 

Manila Water's Resiliency and Business Interruption Study  

D. A. V. B. Evangelista, K. J. Oliva, R. A. C. Dela Cruz, 

Hydraulic Engineer, Water System Analysis and Planning Section, Strategic Asset Planning 
Department, Strategic Asset Management Group, Manila Water Company Inc., MWSS Administration 
Building, 489 Katipunan Road, Balara, Quezon City, 1105, Philippines, 
dave.evangelista@manilawater.com 
 
Program Manager, Enterprise Risk and Insurance Management Department, Corporate Finance and 
Governance Group, Manila Water Company Inc., MWSS Administration Building, 489 Katipunan 
Road, Balara, Quezon City 1105 Philippines, katrina.oliva@manilawater.com  

Central message 

Manila Water, a concessionaire of the Metropolitan Waterworks and Sewerage System, is a utility 
company that operates and maintains water supply and wastewater infrastructure which currently 
serves 6.6 million people in the eastern side of Metropolitan Manila. For twenty years, Manila Water 
conveys potable drinking water to homes with sufficient pressure which is available anytime of the day. 
However, results of accepted studies (MMEIRS, 2013; GMMA-RAP 2013; Philippine Flood Hazard 
Maps, PAGASA) show that Metro Manila is at risk of incurring impact of natural calamity threats such 
as a 7.2 magnitude earthquake along West Valley Fault and severe floods which will in effect upset 
the good quality of service which its customers enjoy. In order to understand the aforementioned 
threats, Manila Water needs to conduct studies such as the Resiliency and Business Interruption 
Study to fully assess the effect of natural calamity threats to Manila Water's Water and Wastewater 
Systems, provide recommendations to mitigate the impacts, develop business contingency response 
during these events, review and improve insurance coverage and overall system resiliency.  

Methodology 

The Methodology in conducting this Study consisted of a number of phases which were undertaken 
both offsite and during visits to site operations. The first phase is the project initiation phase which 
ensures that the Study has a formal plan of activities and agreed timeline for completion. Following it is 
the loss exposure analysis which uses a natural catastrophe model to quantify the exposures of 
Manila Water's Water and Wastewater System against natural calamities. Next is a review of the 2014 
Asset Valuation to be used as a baseline for analysis. The fourth phase is Physical Site Evaluation 
which is a facility audit to validate the level of potential exposure and recommend mitigation measures. 
Next is a desktop review of the Company's Business Continuity Programme to identify gaps and 
provide improvement recommendations. The succeeding phase is the Insurance Programme Review 
which assesses how the current insurance program would react to the potential impact. The seventh 
phase is the identification and understanding of the Business Interruption (BI) exposures and 
quantitation of the financial impact. Thereafter, training workshops were conducted to allow the 
transfer of learnings and proper reporting and documentation to deliver the final consolidated results 
and recommendations. With a total of nine (9) phases, Figure 1 shows the phases which were utilized 
to complete the Study. 
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Figure 1. Resiliency and Business Interruption Study Methodology 

Results and Discussion 

The results are segregated and discussed based on the type of natural calamity threat. This  paper will 
first discuss results for the threat of a 7.2 magnitude earthquake along West Valley Fault and then the 
results for a 180-year rainfall event with more than 220kph sustained wind. Based on the results of the 
natural catastrophe model, an earthquake generated the highest modelled Property Damage and 
Business Interruption Exposure against Total Asset Valuation. This is especially true given that both 
the above-ground infrastructure (Angat Dam, Ipo Dam, La Mesa Dam, Water Treatment Plants, 
Pumping Stations, Water Reservoirs, Wastewater Treatment Plants and its Pumping facilities, etc.) 
and the underground infrastructure (raw water aqueducts, transmission and distribution mains of 
treated water, etc.) would both be severely affected, thus affecting water and waste water services to 
6.6 million population in the East Zone of Metro Manila.     
The Study recommends the following activities in order to improve the Manila Water’s asset resiliency 
due to the impact of earthquake: (i) Provide emergency water supply based on WHO requirements 
(WHO, 2011), (ii) Conduct detailed structural assessments to vulnerable facilities and provide seismic 
mitigation improvements, (iii) Identify alternate water sources for temporary and permanent usage (iv) 
Improve facilities protection due to earthquake-induced fire hazard, (v) Improve earthquake 
emergency response plan and crisis management. 
However, typhoons are expected to occur more frequently compared to earthquakes though the 
consequence is lesser than impact of earthquake. The overall typhoon exposure highlights the 
dependency that Manila Water has on above-ground facilities, which will affect the water and waste 
water services to 6.6 million population in Manila Water’s concession.  It is anticipated that the 
underground infrastructure such as tunnels and distribution mains are relatively less exposed to 
Typhoon risks and therefore likely to suffer lower losses.  
The Study recommends the following activities in order to improve the Manila Water’s asset resiliency 
due to impact of extreme typhoons: (i) Conduct detailed damage assessment to vulnerable facilities 
and provide extreme wind and flood hazard mitigation improvements and (ii) Develop typhoon and 
flood emergency response and crisis management plans. 

Contributions of the work 

The Resiliency and Business Interruption Study is vital in the improvement of Manila Water's resiliency 
to natural calamities because the Study tackles facility improvement measures to directly mitigate 
aforementioned undesirable events, development of business contingency response during these 
events, and enhancing insurance coverage. The Study also numerically confirms the expectation that 
a 7.2 magnitude earthquake hazard along West Valley Fault will generate the highest loss exposure 
albeit a lower likelihood of occurrence than the typhoon threat. Recommendations in this Study are 
incorporated in Manila Water’s Natural Calamity Risk Mitigation and Contingency Program aligned to 
accommodate the Company’s service objectives. In parallel, Mani la Water is in the process of 
formulating quick and cost efficient restoration systems, such as debris clearance management and 
service restoration to augment the recommendations of this study. 
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Paper ID 3806858 
 
 Long-term Temporal And Spatial Changes In Microbial Communities Within A Large-scale 
South African Drinking Water Distribution System  
Potgieter, Sarah1; Pinto, Ameet2; Sigudu, Makhosazana3; Ncube, Esper3; Venter, Stefanus1  
1University of Pretoria, SA ; 2Northeastern University, Boston, USA ; 3Rand Water, Gauteng, SA  

Central message  
Drinking water distribution systems (DWDS) are vital for the transportation of microbially safe, 
potable water to millions of consumers worldwide and are increasingly becoming recognised as an 
important microbial habitat. Long-term investigations of spatial and temporal dynamics of microbial 
community in full-scale DWDS are limited. These investigations can reveal the operational 
processes, infrastructure, and environmental factors that influence the microbial community, 
providing opportunities to re-think microbial control in drinking water systems. Often, these insights 
are absent or are unreliable in short-term studies due to random variabilities native to large full-
scale systems.  
 
Materials and methods  
In this 2-year study, changes in the bacterial community composition and diversity in a large, full 
scale South African DWDS, were investigated. In addition, the effects of different disinfection 
strategies were investigated as this particular system uses both chlorine and chloramine as primary 
and secondary disinfectants, respectively. Bulk water samples were collected on a monthly basis at 
the outlet of the treatment plant and at 17 points along the distribution system, spanning nearly 150 
kilometres. Sample collection included bulk water samples directly from the pipeline as well as 
reservoirs. The bacterial community composition was then characterised though 16S rRNA profiling 
using Illumina MiSeq sequencing of the V4 hypervariable region of the 16S rRNA gene, followed by 
sequence processing and statistical analyses.  
 
Results and discussion  
16S profiling revealed a highly diverse bacterial community consisting of 9,516 operational 
taxonomic units (OTUs). Despite the diversity, it was shown that a small percentage of the OTUs 
(1%) dominated (greater than 1% relative abundance) and were shared among all samples 
indicating a core bacterial community within the DWDS. Similar to other studies, Alpha- and 
Betaproteobacteria dominated the drinking water bacterial communities (Pinto et al., 2014), with an 
increase in Betaproteobacteria post-chloramination. Temporal variation in community richness, 
diversity and evenness were consistently stronger than the spatial changes and demonstrated 
seasonal cycling, which correlated with changes in the temperature. The observed richness, 
diversity, and evenness of the bacterial communities were higher in the winter months as opposed 
to the summer months. In addition to temperature effects, the seasonal variations are also likely to 
be influenced by changes in average water age and corresponding changes in disinfectant residual 
concentrations in the distribution system. Strong spatial dynamics were observed in community 
structure and membership with the addition of chloramine and increased residence time within a 
reservoir. Interestingly, the spatial effects, dampened the temporal changes in bulk water 
community.  
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Paper ID 3743257 
 

Practical Experience in using the Infrastructure Leakage Index (Case study: Fars Water and 
Waste Water Company)  

Elaheh Rastegari* 

* Non-Revenue Water Expert, Fars Water and Waste Water Company- Shiraz- Iran, 
elaheh.rastegari@gmail.com 

Central message  

Management of non-revenue water (NRW) is one of the most important issues facing water suppliers 
around the world. The key in developing a strategy for NRW management is to gain a better 
understanding of the reasons for NRW and the factors which influence its components. 

Materials and Methods or Description of Intervention 

Water management authorities and water utilities in Fars Water and Waste Water Company face the 
challenge as well as having the responsibility to find a balance between efficiency of water distribution 
networks in using the natural water resources, and efficiency in the use of human, financial and the 
other natural resources. 
 
The population of the large six participating towns in Fars province (Abadeh, Jahrom, Fasa, Kazeron, 
Lar, marvdasht) experienced a serious water crisis, caused by recent lack of perception. This crisis 
situation provided the trigger for the utilities to start dealing with the high level of NRW that had 
affected the water utility for many years. 
 
A percentage loss figure gives you a snapshot of what is being lost in one system at any one time, but 
it cannot provide a reliable comparison of a system’s performance over time. There is no correlation 
between ILI and NRW as percentage of system input volume. Low percentage of NRW is not 
necessarily an indication for good real losses management. 
 
Using appropriate tools and mechanisms suggest a suitable solution and show the result of network 
characteristic after using these approaches. 
 
The Infrastructure Leakage Index (ILI) is a performance indicator for real losses, which measures the 
ratio of current annual real losses to system-specific unavoidable annual real losses. It is the ideal 
indicator for making an international comparison.  
 
The Project includes three components:  
The first component is an analysis of network characteristic in the basic year (1392: from 20 Mars 
2013 to 20 Mars 2014), Performance indicators provided here which are used to compare the 
performance of water losses management. They are Water losses and real losses as a % of system 
input volume, Water losses per connection per day, Water losses per km of mains per day, 
Infrastructure Leakage Index (ILI). 
 
The second component is rehabilitation and repair of mains with estimated length of 85 Km for all 
participant towns and around 7500 piped household connection that have benefited from rehabilitation 
works, installations and replacement of 130 SMS-GPRS  Pressure meter for monitoring pressure at 24 
hours, installation and replacement of 1000 reducing valves in Elementary school. Fast and rapid 
repair of 30000 breaks in mains and connections in 6 participant towns in duration of project. 
 The third component is analysis of network characteristic in target year (1394: from 20 Mars 2015 to 
20 Mars 2016) as basic year, then Performance indicators are compared with each other and the 
result is shown that most of them are decreased.  
 
All of the interventions aid water utilities efforts as it moves toward achieving the Development Goal of 
reaching the basic municipal services.  

http://www.iwaywpconference.org/
mailto:IWAYWPconference@iwahq.org


BUILDING LEADERS & MAKING IMPACT 
w ebsite: w w w .iw ayw pconference.org | email: IWAYWPconference@iw ahq.org 

P
a
g

e
2

3
 

  Results and Discussion 

The ILI approach provides an improved basis for technical comparisons of leakage management 
performance which separates aspect of infrastructure management, repair, pipe and assets 
management, effectiveness of active leakage control policy, from aspects of pressure management.  
There are numerous drivers for success in using the Infrastructure Leakage Index and reduction. This 
section lists a number of key, evidence-based, recommendations for utilities to successfully achieve 
reduction of Infrastructure Leakage Index. 
 
The Project Objective is to find the best way to support water utilities efforts to provide analysis of 
network characteristic and operating practices of municipal services to the population of six 
participating towns: Abadeh, Jahrom, Fasa, Kazeron, Lar, marvdasht. The number of connections in 
each town is more than 40000 and the analysis of network is done in a period of 3 years. Effective and 
practical approaches to the diverse aspects of NRW have been developed and applied successfully 
over the period of the project. 
 
As it shown in figure 1 there is no correlation between ILI and NRW as a percentage of system input 
volume in all of 6 participant city. The low percentage of NRW is not necessarily an indication for good 
real losses management. 
 
Performance indicators which are used to compare the performance of water losses management are 
shown in figures 2-4.  
 
The calculations show the ILI classification in all 6 participant town. General descriptions of real loss 
performance management categories according to banding are shown here. 
 
In cities with ILI rang<4, Further loss reduction may be uneconomic unless there is a shortage; careful 
analysis is needed to identify cost-effective improvement. 
 
If ILI range is 4 to<8, Programs for marked improvements are suggested as: consider pressure 
management, better active leakage control practices, and better network maintenance.  

Contributions of the work  

The combination of UARL/ILI and the IWA standard water balance with 95% confidence limits offers a 
new and practical tool for rapid evaluation of opportunities and best options for further leakage 
management. 
 
The UARL and ILI approach is more soundly based than previous traditional performance indicators 
for management of Real Losses in distribution systems. Separating the substantial influence of 
pressure from the ‘infrastructure’ factors has introduced clarity to the technical analysis without much 
additional effort. The approach can be and is being, used for International, National, and ‘within 
system’ comparisons. 
 
Although a well-managed system can have an ILI of 1.0 (CARL = UARL), this does not necessarily 
have to be the target as the ILI is a purely technical performance indicator and does not take 
economic considerations into account.  
 
For any water distribution system, there is a level of leakage below which is it not cost effective to 
make further investment or use additional resources to drive leakage down further. In other words, the 
value of the water saved is less than the cost of making further reduction. 
 
Some suggested projects in order to reach Band A category will be included: design and 
implementation of district Metering Area (DMA) and active leakage control in water distribution service. 
 
 
 
 
Table 1: Comparison of real loss performance indicators 

Indicator Abadeh Jahrom Fasa Kazeron Lar Marvdasht 
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Year 
139
2 

139
4 

139
2 

139
4 

139
2 

139
4 

139
2 

139
4 

139
2 

139
4 

139
2 

139
4 

Real Losses 
% of system 

input 

26.2
% 

23
% 

26.4
% 

23% 
26
% 

17% 
26.2
% 

26
% 

25.1
% 

21% 
31
% 

29% 

Water loss 
(m3/day/km) 
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Paper ID 3806805 
 
Assessing the water affordability for residential consumers in South African local municipalities 
Lerato*, Kim**, L. Shai, K. Walsh 
Palmer Development Group (PDG), Cape Town, lerato@pdg.co.za 
Palmer Development Group (PDG), Cape Town, kim@pdg.co.za 
 
Central Message: 
Which residential customers cannot afford to pay for water in South African local municipalities? Is it 
because the bill is too high or their income is too low or because they are consuming too much water? 
This study provides a set of measures of water affordability that answer these questions. This is 
achieved by applying both a residual income and affordability ratio approach to six municipal case 
studies to determine whether water is affordable to residential customers. The ratios neglect socio-
economic issues and household consumption patterns overlooking households whose incomes are 
already insufficient before they even purchase water and households who reduce their consumption to 
levels below requirements to realise their basic human right to water in response to water prices. This 
study investigates both these aspects in addition to the ratios and provides a nuanced and 
comprehensive picture of residential water affordability in South African municipalities.   
 
Materials and Methods of Intervention: 
Creating a dataset to study affordability 
The study creates a comprehensive dataset to measure affordability by spatially matching Census 2011 
data to the municipal billing datasets using GIS codes of the small areas within each municipality. 
Census 2011 contains socio-economic data up to the small area layer (approx. 150 households) while 
municipal billing data contains consumption data and information to calculate the water bill. The result 
is dataset that contains both water consumption and billing information as well as socio-demographic 
variables by small area layer. The main advantage of this approach is the ability to understand how 
socio-economic characteristics that are associated with water demand drive water affordability.  
 
Key analysis questions:  
 (1) Which households face affordability constraints due to the price of water being too high? 
(2) Which households face affordability constraints due to their incomes being too low? 
(3) Which households cannot afford to purchase the minimum, medium and high quantity of water 
required? 
(4) What are the characteristics of the households facing affordability constraints? 
(5)  What is the appropriate tariff policy response to the affordability constraints? 
 
Analysing different cases of indigence 
The analysis phase applies the affordability ratios and the residual income approaches to the dataset. 
The affordability ratio is the water bill as a proportion of income while the residual income is the 
household income less the water bill. To understand affordability of water in a holistic manner, the two 
approaches are applied to the water services bill, minimum, medium and maximum water consumption 
per household. The basic human right to water is central to the analysis and the study interrogates the 
amount of water consumed compared to what is required to meet their basic needs.  Using the results, 
the study estimates the prevalence of three cases of indigence that can occur with respect to water 
affordability (Gawel et al., 2011a). The first is burden share where households whose bill as a proportion 
of income is higher than a predetermined threshold face affordability constraints. The second is budget 
constraints where a household with residual income less than the poverty line face affordability 
constraints and the third is under consumption where households are consuming less than the 
determined minimum of water required for daily living.  The assessments are completed as follows  

1. Burden share- compare the calculated ratio to a predetermined threshold. If greater, bill is 
unaffordable. 

2. Budget restraint- calculate the residual income and compare this to the poverty line. If less, 
than household does not have sufficient income to afford water. 

3. Under consumption- compare monthly consumption with minimum level of consumption. If 
less, than the household consumes insufficient water to meet their basic needs 

Results and Discussion: 
The study is still ongoing, however initial findings for Drakenstein local municipality, the pilot municipal 
case study, are available.  Using the affordability ratio approach with a 3% threshold, the results show 
that 10% of the households in the municipality face water affordability constraints.  The residual income 
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approach using the upper bound poverty line of ZAR 620 ($76) per capita per month indicates that 6% 
of households cannot afford water. After paying for water, these households are left with incomes that 
are below the poverty line. More importantly there are differences in the households under each 
approach i.e. there are some households with residual incomes below the poverty line that the 
affordability ratio approach does not pick up as facing constraints. An important explanation for this is 
consumption patterns. The proportion of households consuming less than the minimum is 11%. Of these 
none have ratios above the threshold and 3% also face income constraints.   The policy response to 
these households should differ to reflect the different contexts yet currently most municipalities have a 
blanket response to affordability constraints.  
 
These results are decomposed are currently being decomposed further to understand this better. For 
example, consumption below the minimum is possible response from households to prices of water 
being too high or a revealed preference for low water consumption.  A bill will be calculated for each 
household using the minimum quantity of water and the affordability ratios and residual income approach 
applied to these. This is to check if any of the households consuming below the minimum would face 
affordability constraints if they consumed at the minimum and hence whether a case can be made for 
the low consumption as a response to high water prices.  
 
Contributions of the work:  
The literature on water affordability in the South African context has thus far relied on property value as 
a proxy for income and exclusively used ratios to determine affordability. This study deviates from this 
approach by matching billing data to Census 2011 to use household income in the analysis. 
Furthermore, the study includes an analysis of residual income to better understand income constraints 
and takes a human rights approach and interrogates how much water is being consumed relative to how 
much is required for basic needs to be met. Synthesising the results from each sub-analysis reveals 
nuances in how households experience affordability. The results suggest differentiated tariff policy 
design that accounts for the different contexts to provide targeted social protection to all households 
vulnerable to high water prices.  
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Paper ID 3745600 
 
 
Benefits and challenges of postgraduate academic networks: UCL Water Group experience  
Zeyu Yao*1, O. Landa-Cansigno*2, F. Garcia-Garcia Diego*3  
 
* Civil, Environmental, and Geomatic Engineering, University College London, Gower St, London  
1 zeyu.yao.15@ucl.ac.uk, 2 oriana.cansigno.13@ucl.ac.uk, 3 fernanda.garciadiego.14@ucl.ac.uk  
 
Central message  
This case study on UCL Water Group illustrates the benefits of water knowledge network among 
postgraduate students, and the challenges in building and maintaining such network.  
 
Description of Intervention  
Water is an important research topic for many disciplines, therefore problem-solving from a single 
disciplinary perspective is inadequate (National Research Council 2004). It is essential for students to 
be exposed to different disciplinary approaches during their graduate training, and learn to problem-
solve collaboratively with others (Kulscar 2016). Having recognised such need and the lack of a 
platform that provides effective communication channels for postgraduate students, the UCL Water 
Group (“the Group”) was launched to bridge this gap. The group was founded with two main 
objectives: 1) to facilitate communication and exchange of ideas among researchers and students and 
2) to encourage students’ capacity development. These are accomplished by a series of activities and 
events, as outlined in Figure 1.  

 
To achieve the first objective, we proposed activities revolving the current research development. The 
lunchtime presentations are monthly events where three students from different academic 
backgrounds present their research. In addition, experts from academic, industry, government and 
intergovernmental organisations are invited to speak at our themed seminars. The aim is to focus on 
the discussion and provide an opportunity for students to network with each other and experts. The 
second objective is achieved by reading and documentary discussion sessions. Such sessions were 
designed to introduce a relevant topic in the form  
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of literature or documentaries to provoke friendly debate. The educational field trips are organized 
twice a year around topics related to water and sustainability.  
To maximise our capacity to deliver the activities, we applied with success for financial support from 
Department of Civil, Environmental, and Geomatic Engineering, Bartlett School of Planning, and 
Doctoral School. The social media is actively used to promote our presence and share videos of 
presentations and seminars.  
 
Results and Discussion  
Since the inauguration of the Group in 2016, we have attracted in total more than 90 student and staff 
members from UCL and other universities in London. While some events have been more appealing, 
there are many challenges in others. To mark the introduction of the Group to the students, the 
welcome seminar attracted around 60 attendees. The lunchtime presentations have been the most 
popular events so far, consistently attended by a handful of members. However, it was difficult to 
reach beyond departments that are already performing inter-disciplinary water research. The capacity 
development activities had varying receptions by the students. While fieldstrips and movie nights 
tended to be more appealing, activities that may require prior preparation, such as reading and 
discussion, were less successful. Figure 2 summarizes the total number of attendees of each type of 
event during the last year.  
 

 
 
 
The challenges can be summarized in two categories: practicality and “mind-set”. The most direct 
barriers are the events logistics. Finding suitable time and location for most has been a challenging 
task, since postgraduates across UCL have very different timetables, and facilities are limited. 
Furthermore, it was difficult to attract participants to our events that tend not to be immediately 
relevant to their research topics, especially when the Group is a new organization that is unheard of by 
many.  
 
The second category of challenges are regarding the “mind-set” that prevent students from joining in 
this network. Firstly, since postgraduate students tend to focus on a narrow discipline, recognizing the 
values of interacting with other research fields can be challenging. At the postgraduate level (Masters 
and PhD), while some researchers are more used to trans-disciplinary collaborations, many may not 
find the need to cooperate with other disciplines. Despite the limitations posed by disciplinary specific 
training, we keep encouraging students from any discipline to participate, with the aim of softening the 
barriers between different fields of studies.  
 
Contributions of the work  
As many students and staff alike have voiced the need for a platform that connects water related 
researchers across UCL, we felt that the Group had the potential to be successful. The UCL Water 
Group is first and foremost an academic network for students, and we have made some key 
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contributions in that regard. Through active outreach and the organization of regular events, we 
provided a platform for students and staff working in different directions to connect and access each 
other’s works. At the same time, we proved to be a useful resource to form research collaboration, 
look for thesis supervision, recruit for research studies, etc. In addition, we were able to gain support 
from many institutions and departments at UCL.  
 
For PhD students, the Group helped them develop the skills to communicate their research broader 
audiences, and gain new insights through discussion with other group members. This would not only 
enrich their PhD experience, the activities are also preparing them for effective collaboration in future 
career. Similarly, masters’ level and undergraduate students also benefit the exposure to water related 
research from various disciplines. The activities helped the students discern their study interests and 
learn to communicate with people from different backgrounds.  
 
Working on the Group has been a challenging yet rewarding experience. In the future, we must strive 
to break down more barriers to involve students who are less incentivized. We also need to find better 
communication platforms or technologies to better accommodate those that are subject to scheduling 
and location constraints. Going forward, we should aim to engage students in a more meaningful 
manner so they can develop this network further in the future.  
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Paper ID: TMT 1 
 
Need to provide water safety in the river basin in Korca City.  

Sejla*, S,Kokojka 

*Korca Join Stock Company, Korca, ALBANIA 

E-mail: sejlakokojka@gmail.com  

Central message 

The paper presents the importance and the necessity to increase the efficiency of purification process 

of the residual waters from several villages close by one the most touristic regions of Albania. A case 

study is undertaken to discuss the implementation of the European Union Directive on the Albanian 

legislation for the treatment of waste waters discharged into the river of Dunavec and Devoll in the 

Korca region .As a result of the discharged raw waters from the surrounding areas, pollution caused in 

those rivers is quite significant. 

The pollution in this area may come from a variety of sources, such as commercial fertilizer, from the 

ground, animal manure, or municipal or industrial wastewater. It stands to reason that most of their 

ground used for agricultural cultivation is adversely affected as a result of the pollution from the septic 

tanks of the surrounding countryside. So, investigating methodologies data analysis procedures and 

water quality management tools need to be well defined. 

Materials and Methods or Description of Intervention  

For this paper, it is required monitoring and evaluation of a series of analysis which would allow me to 
define in compatible with the quality management system of these areas discharge. A series of 
analyzes that have been applied to see the progress of these discharges and the quality of the water 
are the tests performed respectively for these parameters such as physical, chemical, and biological 
parameters . Specifically these parameters are referred to ph, conductivity, temperature and chemical 
parameters such as Chemical Oxygen Demand (COD), Biochemical Oxygen Demand (BOD5), Total 
Suspended Solids (TSS), Total Nitrogen (N), Total Phosphorus (P) as well as microbiological tests on 
rivers where water is discharged these as Total Coliform, Fecal Coliform and Fecal Streptococc. The 
pollution load of these administrative units is shown in the table below in which significantly noted that 
none of the parameters does not meet the norms of discharge wastewater in non-sensitive 
environment. Additionally one of the factors was taken into consideration during the analysis is the 
water flow chart of Dunavec and Devoll rivers over a period of 20 years.This result obtained allowed 
us to define the chemical, physical and biological water quality of Dunavec and Devoll rivers.  
The number and location of sampling was determined in the presence of urban settlements. Those 
samples are taken mainly in the channels discharged in those rivers basins as well as at several 
points provided Dunavec and Devoll rivers to see some what pollution. Their analyses are carried out 
in dry weather days as well as during wet weather, in order to determine the impact of rainfall on the 
contribution and purity of these rivers.Water samples were taken in 1 liters bottle, and then very 
suddenly they have been transported to be subjected to the laboratory analysis. Time sampling from 
the point of sampling and laboratory is too short and does not affect the outcome of the analysis. 
 
Results and Discussion  
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Water pollution is primarily a local problem caused by discharges directly into rivers basins or lakes 
.Some of the polluting substances are substances that cause the growth of biochemical oxygen demand 
(BOD5), especially wastewater discharges. 

From this study we must suggest either to increase the capacity of the existing WWTP of Korca City or 
starting the pretreatment of those sewage systems for the new units with some pretreatment facilities or 
small wastewater mini plants. 

Pre-treatment enables a lower microbiological contamination which takes high value and exceeds the 
standard, especially during the summer months where we have a 10-fold reduction of the flow of these 
rivers. 

The goal for the study work in Korca City was to produce many alternatives, which could meet the 
requirements for hygiene, pollutant removal, protection of the environment and public health within 
economic and other constraints. Some of my considerations are listed below:  

 Primary treatment, storage, and forest irrigation. 

 Stabilization ponds with chemical (calcium hydroxide) precipitation 

 Primary treatment, trickling filter, and biofilter ditch. 

 Primary treatment, trickling filter, and crop/wetland rotation. 

 Primary treatment, sand filter, and biofilterditch/wetland. 

 Package treatment plant (sequence batch reactor, SBR) including nitrification, followed by a 
biofilterditch or wetland. 

Implementation of pilot projects of sustainable wastewater treatment plants as a kind of demonstration 
for small villages and it must be a “start” to solve the situation in those seven new units which will be 
add it to the Korca City 

 Contributions of the work  

My contribution as a young water professional is the above problematic situation is to investigate 
methodology, to work on data analyses procedures and develop tools that help the water quality 
management. The outcome of this study contributed to some technical and management decision 
making involvements from different parties. From the Utility perspective a new study approach for a 
needed strategy on wastewater treatment necessity was evolved. 
Currently in the city of Korca there is already constructed a wastewater treatment plant but it only 
treats the collected wastewater from the Municipality area of Korca city and not the new five 
administrative units which are added to this city with the implementation of the New Territorial 
Administrative Reform . An immediate solution should be given to the pollution caused by these new 5 
other units. It is, therefore, necessary to know in details the environment water quality in order to 
estimate the possible consequences of a new activity settle in this territory.  
Table 1. The pollution load of the administrative units 
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Paper ID: TMT 6 –  
 
Detection of amoeba associated Legionella pneumophila in hospital critical units of 
Johannesburg  
P. Muchesa1, M. Leifels 2, L. Jurzik 2, T.G. Barnard1, C. Bartie1 
1Water and Health Research Centre, Faculty of Health Sciences, University of Johannesburg, PO Box 
17011, Doornfontein, 2028, South Africa. 
2Department of Hygiene, Social and Environmental Medicine, Ruhr-University Bochum, 
Universitätsstraße 150, 44801 Bochum, Germany 
 
Legionellae have been isolated in natural and man-made environments where they can survive 
temperatures between 20-50°C. Legionellae are causative agents of Legionnaires’ disease (LD) in both 
community and healthcare settings. In South Africa, there are few LD cases where the source of 
legionella infection is determined successfully. However, studies have shown that most LD cases in 
healthcare settings are due to contaminated potable water supplies within hospitals. In addition, 
Legionella species can live as free cells and/or naturally infect, being harboured and multiply within 
amoeba under adverse conditions like the presence of biocides like chlorine used to treat water, allowing 
them to further proliferate in man-made water systems. The prevalence of free-living amoeba and 
associated Legionella spp. in hospital water systems may pose a risk of Legionnaires disease to 
immuno-compromised patients. This study investigated the occurrence of amoeba associated 
Legionella pneumophila in three South African hospital water systems. 
 
A walk-through assessment of the water systems of three Johannesburg hospital facilities was 
conducted to identify areas of high-risk exposure to waterborne pathogens. A total of 98 water and/or 
biofilm samples were collected from the sterilization unit (n=8), theatres(n=42), neonatal ward (n=13) 
and intensive care units(n=35). Amoeba were isolated from the water and/or biofilm samples collected 
using the amoebal enrichment technique. The isolated amoeba were lysed by passing amoeba cells 
suspended in 300μL Page amoebal saline through a 26-gauge syringe filter with a pore size of 0.45µm 
three times to release any potential Legionella species. One hundred microliters of the resulting 
suspension were inoculated on non-selective buffered charcoal yeast extract (BCYE) and selective 
Glycine-Vancomycin-Polymyxin-Cycloheximide (GVCP) legionella agar and incubated aerobically at 
37°C for up to 10 days to culture Legionella. DNA was extracted from cultures from the remaining 200µL 
amoeba suspension for PCR identification and/or screening for L. pneumophila using the QIAmp DNA 
Blood Mini Kit as per the manufacturer’s instructions. Detection by q-PCR, data analysis and 
quantification of amplicons in GU/l were performed with a real-time PCR Rotor-Gene 6000 Cycler 
(Corbett Life Science, Australia) according to ISO-TS 12869:2012.  
 
Amoeba were isolated from 71 out of 98 water and/or biofilm samples collected. All samples cultured 
on BYCE and GVCP agar were negative for Legionella species. However, a total of 7 (6 water and 1 
swab) out of 71 (9.9%) amoeba positive samples showed a positive reaction for L. pneumophila on 2%  
(w/v) agarose slab gel with ethidium bromide (0.5 μg/mL). Legionella co-occurred with the amoeba 
Vermamoeba vermiformis in all samples and this coexistence between the two species was statistically 
significant (p < 0.05). Using qPCR, the positive samples were quantified to determine the genomic units 
per liter (GU/L). Sample 1302 showed the highest concentration with 3.8x102 GU/L, corresponding to 
the strongest band signal on the agarose gel. Sample 870 had the lowest concentration (2.7x100 GU/L), 
corresponding to the weakest band signal on the agarose gel (Table 1).  
 
 
In this study, Legionella spp. did not grow on on BCYE and GVCP agar. However, L. pneumophila were 
detected in 9.9 % (7/71) of samples using conventional and quantitative PCR. Since they were positive 
in the ISO certified qPCR, it is likely that there were residues of L. pneumophila present, which entered 
a viable but non-culturable (VBNC) state. Similar studies conducted in Italy detected L. pneumophila in 
33.3% (22/66) of hospital water systems, while in Greece Legionella spp. were detected from 16.9% 
(22/130) of hospital water samples. Another study of hospital water systems in Taiwan reported 62.5% 
(10/16) of the samples to be positive for L. pneumophila . The highest concentration obtained in this 
study of 3.8 x102 GU/L for L. pneumophila was quantified from trauma ICU. This is lower than the 
concentration peak of 4.0 x104 GU/L of L. pneumophila that was quantified in the otorhinolaryngology, 
pathologic anatomy, and paediatrics and surgery wards of an Italian hospital. Several factors such as 
different geographical locations, different molecular detection methods used as well as matrix features 
of the water source might explain the variability in the prevalence and concentration values. Although 
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relatively few samples were positive for Legionella in the current study, the coexistence between 
Legionella and V. vermiformis was statistically significant (p<0.05), suggesting that these FLA may serve 
as reservoirs thus contributing to the environmental survival of Legionella or as transmission vectors of 
pneumonia in inhabitants of these hospital settings. Therefore, their detection may still indicate a risk to 
hospitalized patients as Legionella spp. are known to replicate rapidly intracellularly within protozoan 
hosts for prolonged periods of time forming amoebic vesicles that can contain hundreds of Legionella 
cell.  
 
Health-care associated Legionnaires’ disease (LD) have been reported worldwide. In South Africa, the 
first investigation of an outbreak of LD in a Johannesburg teaching hospital in 1985 reported of 12 cases 
in hospitalized patients, with two patients being confirmed to have acquired the disease in the hospital 
(Strebel et al. 1988). A more recent surveillance study of two South African hospitals by Wolker et al. 
(2016) reported Legionella in 21 (1.2%) cases of patients diagnosed with HIV or tuberculosis infections. 
However, this study did not aim to prove if the infections were acquired from the hospital environment. 
Hospital associated LD cases in South Africa may be under reported due to the lack of robust and 
reliable surveillance mechanisms and lack of accurate diagnosis. Routine sampling of hospital water 
supplies with the application of amoebal enrichment and co-culture techniques to resuscitate bacteria 
in the VBNC state can be effective strategies to prevent and manage hospital-acquired LD . Therefore, 
future work will focus on the detection of Legionella spp. from hospital water supplies, hospital surfaces 
and compare them with clinical samples. This will establish link between occurrence of the organisms 
in the hospital environment with LD infection in patients using amoeba culture and molecular techniques. 
 
 
 
 
 
Table 1: Quantitative and qualitative results of PCR for Legionella pneumophila and free-living 
amoebae isolated from hospital water. 
 
Hospital               Amoebae isolated 

 
Sample source 

 
L.pneumophila  
(GU/L) 

   
Hospital A 
   

                 
V. vermiformis  

 
CSSD (S) 

 
2.7x100 

 
 
V. vermiformis  

 
Theatre (W) 

 
1.6x101 

   
Hospital B            V. vermiformis  

 
Neonatal ward (W) 

 
2.9x100 

   
Hospital C 
   

                
V. vermiformis  

 
Cardiothoracic ICU (W) 

 
4.7x101 

 
V. vermiformis  

 
Trauma ICU (W) 

 
1.4x101 

 
V. vermiformis  

 
Trauma ICU (W) 

 
1.6x101 

 
V. vermiformis 

 
Trauma ICU (W) 

 
3.8x102 

S-swab; W-water; GU/L - genetic units per liter 
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Paper ID TMT 7 –  
 
Challenges Of Treating Low Turbidity Source Water 
Mbali Fathima Sibiya 
 
This paper addresses the process challenges experienced by operating staff in a water treatment 
works that receives low turbidity raw water. This paper will also look at possible mitigations to these 
challenges and look into direct filtration which is a conventional water treatment process that excludes 
clarification or sedimentation as a possible treatment to this kind of source water.  
 
The challenges experienced in a water treatments works while treating low turbidity source water is a 
vast subject which differs according to the treatment processes used and of course the quality of the 
source water. Low turbidity raw water is water that contains a low or minimal amount of suspended 
solids. Why is this source water difficult to treat?  Firstly the unit operations were designed to handle 
considerable amount of solids in raw water. Due to dam maturity over decades, there was constant 
decrease in raw water turbidity received from dams (Fig 1).  
 
Water treatment consists mainly of Catchment- which is the process of removing raw or untreated 
water from the source to the water works 
Chemical addition- Which may include the addition of treatment chemicals that assists with 
coagulation and flocculation, pH control, correcting taste and odour in treated water. 
 
Clarification-  The process in which flocs are allowed to settle from the chemically treated water and 
allowed to settle at the bottom of the tank and be removed as sludge for further treatment or disposal. 
Filtration- commonly the final step before disinfection, and primarily the most important step in water 
treatment. Filtration involves the removal of minute or microscopic particles in the water by physical 
means. 
 
These treatment processes all have in common that suspended solids are removed to make water fit 
for human use and consumption. 
 
When the source water arriving at a water works has a low concentration of suspended solids or is 
relatively clean, the unit processes are disturbed and do not function as designed or as expected. 
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Paper ID: 55555  
 
Arsenic remediation using a novel soil based filter 
 
Sourav Mondal*, Raka Mondal*, Krishnasri Kurada**, Mrinmoy Mondal**, Sankha Karmakar**, 
Sirshendu De** and Ian Griffiths* 
* Mathematical Institute, University of Oxford, Oxford, United Kingdom 
** Department of Chemical Engineering, Indian Institute of Technology Kharagpur, Kharagpur, India 

 
Central message 
Arsenic contamination is perhaps the greatest public health risk emergency in the 21st century in the 
low and middle-income countries, where the access to safe drinking water is limited. There have been 
several arsenic removal filters based on adsorption developed in the past decade which were 
deployed. However, most of them fail in three aspects: (i) the arsenic concentration is not always 
below the WHO permissible level (10 _�/_) in its lifetime usage; (ii) it requires periodic regeneration of 
the adsorbent which releases the bound arsenic back to the environment and (iii) high power 
requirement which is often not easily available in the affected areas. The present technology 
overcomes these challenges and is currently being demonstrated in several affected locations in the 
Indo-Gangetic plain, where the arsenic contamination is in the range of 100-1000 _�/_. The 
presentation is about the details of the features and performance of the filter. Since, the developed 
adsorbent material has very high capacity to arsenic adsorption (the filter life is more than 3 years), 
field scale trails are not practical, so we have developed a fundamental fluid dynamical model to 
predict its design lifetime necessary for its large-scale implementation. 
 
Materials and Methods or Description of Intervention 
The adsorbent is prepared by a chemical treatment of the naturally occurring laterite, abundant in 
earth soil (Maiti and De, 2012). The total arsenic removal capacity is 32.5 mg/g [including both As(III) 
and As(V)], which is one of the highest among other existing arsenic adsorbents. Since the raw 
material is quite inexpensive and the manufacturing process simple, the cost of the final filtered water 
is less than 0.2 USD/m3. The water flow in the filter is due to the hydrostatic head, so it does not 
require power in the small household units. Since, the filter medium does not require any regeneration 
or backwashing in its lifetime (more than 3 years), the technology is sustainable. The designed filter 
has also the capacity of removing iron and microorganisms below the permissible limit in the single 
unit. An attempt is made to test and demonstrate the practical implementation of the technology – its 
effectiveness and viability in three community (primary schools - one in Malda and two in north 24 
Parganas, West Bengal, India) and 20 household filters, catering to over 5000 people in different 
areas, exposed to high arsenic contamination in groundwater (Mondal et al., 2017). 
 
In order to supplement this technological implementation, the knowledge of the design lifetime is 
important for its operation and upscaling. In this regard, we have developed a fluid dynamical model 
using the concepts of porous medium flow and species transport coupled with the adsorption kinetics 
to understand the As transport mechanisms and predict its lifetime. As understood from the model 
calculations, the safe timeline is dependent on the feed arsenic concentration, flow rate and size of the 
filter (or the total quantity of the adsorbent). The model calculations are first validated using a small 
laboratory scale study and then are used to predict at different operating conditions. 
 
Results and Discussion 
The performance of the novel low-cost laterite based arsenic filter in the field is shown in Fig. 1 for a 3-
year period, which suggest that the design life time is more than 3-year for the household filter. It is 
clearly observed from the figure that the filtrate water is always below the WHO permissible limit, 
almost unaffected by the change in the feed concentration. The arsenic concentration in the water 
samples are measured using an Atomic Absorption Spectroscopy. In Fig. 2a we show the results of 
the model calculations with a small scaled laboratory experiment. Interestingly, there is a plateau 
region where the concentration is invariant with time in a certain period before a breakthrough 
(adsorption capacity of the bed is exhausted) is attained. In Fig. 2b, the model is used to predict the 
design lifetime of the unit as a function of the filter size (mass or volume of the adsorbent) and 
the operating flow rate. From this figure, we can infer that using activated laterite as the filter medium, 
the household filter (containing around 8 kg of adsorbent) would have a safe design lifetime (filtrate 
concentration below the WHO limit) of 6.2 years operating at 80 
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Contributions of the work 
It is quite apparent that the developed arsenic filter has merit and proved its performance for a 
moderate period in the field. Apart from the health hazard of the contamination, there is also a socio-
economic issue attached to the problem, as the affected regions has very low literacy level and poor 
economic status. It is a matter of time in realizing how the availability of the safe drinking water helps 
in improving the socio-economic condition and lifestyle of the affected communities, where the filters 
are deployed. 
 
Currently there have been several community sensitization programs in place, monitoring the 
sustainability of the filter, social acceptance and enhancement of the public lifestyle. 
The mathematical model complements in predicting the design lifetime of the filter based on the 
operating conditions, which is necessary for the upscaling for large scale installations. Efforts are 
being made to understand and model the presence of other components (for e.g. iron) in the feed 
water affecting the design lifetime. 
 
References 
De, S. and Maiti, A. (2012). Arsenic removal from contaminated groundwater. The Energy and 
Resources Institute (TERI), New 
Delhi. 
Mondal, S., Roy, A., Mukherjee, R., Mondal, M., Karmakar, S., Chatterjee, S., Mukherjee, M., 
Bhattacharjee, S. and De, S. 
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Paper ID 3743355 
 
Role of County Government in Water Resources Management in Nairobi City County 
Introduction. 
 
Nairobi City County is one of the 47 counties found in Kenya. It is the capital city of the country of 
Kenya. Nairobi City County is the home of close to 4 million people. Recently, the sole recognized 
government utility which is licensed to provide water and sewerage services to the city has been over 
–stretched. Nairobi city water and Sewerage Company limited is the company mandated by the county 
government to offer both water and sewerage services to the entire city. With the influx of people into 
the city from rural areas due to urbanization, the utility firm is finding it very hard to sustain its provision 
of these crucial services, and thus a need for other stakeholders to come on board and rescue the 
situation. 
 

 
 
Problem Statement. 
As indicated in the introduction, there is increasing population in the city which has overcome the 
current water and sewerage provision services. The main dam which supplies water to the city, 
namely ndakaini dam. The dam has a storage capacity of 70,000,000m3 at full storage level of 2,041 
meters above sea level and a depth average of 65m. The dam Produces 430,000 m3/day of water that 
is about 84% of total supply of water to Nairobi residents. The Dam’s catchment area measures 75 
square Kilometer. It consists of Kimakia and Gatare Natural forest which form Aberdare Ranges. The 
main rivers that drain into the Dam from this catchment are Thika, Githika and Kayuyu. Thika drains 
50% Githika 30% and Kayuyu 20% of the catchment into the Dam respectively. The area receives 
ample rainfall of between 2000 – 2500 mm annually. The above status was as at 1991 when the 
population of the City was nearly 2 million. It is therefore imperative to note that the status of the 
infrastructure is still quo, while the demand has escalated. The city population now needs about 
900,000m3/day. Nairobi City Water and Sewerage Company limited is therefore incapacitated to fully 
supply adequate water and sewerage services to the city, thus its important the county government 
come on board and try save the situation. 
 
Objectives: 
General Objective: 

i) To assess and review the role of the Nairobi City County in managing the scarce water 
resources in the city. 
 
Specific Objectives: 
i) How Nairobi City County Government can be a partner with Nairobi City Water & 

Sewerage Company Limited in ensuring proper management of water resources 
in the city. 
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ii) To study and establish the relationship between proper water management and 
improved water provision in the city. 

iii) To analyze various ways both Nairobi City County Government and Nairobi City 
Water and Sewerage Company limited can adopt in order to ensure proper 
management of scarce water resources. 
 
 
Conceptual Framework 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Methodology 
This will be an investigative research. It will therefore use both primary and secondary data. We intend 
to use a representative sample which will cater both for the staff in the company, other workers in the 
county government and the general public. Data will be analyzed using figures derived from data 
collected. Random sampling will be used when issuing out simple questionnaires which will be 
designed to record response from respondents.  
 
Conclusion: 
The outcome of this research is supposed to be a strong reference material that will help both Nairobi 
City County Government and Nairobi City Water & Sewerage Company Limited in tackling the so 
escalating water problems in the City. The research will be designed to be a document adopted by 
other County Governments in addressing the same issue. Furthermore, this document will be avai lable 
for other scholars who will improve it, critic and even use it for further studies.  
 
References 

I. Millennium Development Goals UN Report (2013) 
II. Google Scholar. 
III.  Water Resource Management Authority of Kenya Charter  
IV. Ecologically Sustainable Water Management: Managing River Flows for Ecological Integrity by 

Brian D. Richter, Ruth Mathews, David. L .Harrison & Robert Wigington.  
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Paper ID: 3722158 

Impacts of Water Scarcity to a Utility’s revenue 

Problem Statement 

Declining revenue represents just one aspect of the overall financial resilience challenges facing 
water utilities. 
The percentage of water utilities reporting sufficient revenues covering all financial obligations 
shows marginal improvements leaving more than a third of utilities that cannot cover their cost 
from revenue alone. 
 
The situation is worsened by the current water scarcity situation brought about by drought and 
the first rain drops won’t mean the end of water scarcity. 
 
It’s thus critical for water utilities to strengthen their financial resilience and plan for future 
extreme weather events. 
 
This paper will use the available data on revenue, rates and production to clearly elaborate the 
effects of water scarcity to utility's revenue; this makes the water data actionable instead of 
educational, making water scarcity a more tangible issue for utility managers.  
 
In order to illustrate revenue variability and highlight the role of pricing and other factors, data from 
Nairobi water company was analyzed on areas areas of residential revenue billed, customer base 
and the volume of water billed. 
This historic utility information is used to display potential residential revenue scenarios under 
various demand and specific changes, within the context of local conditions.  
 
Objectives of the study 

The objective of this paper is to address the effects of water scarcity to utilities revenue and come up 
with solutions to stabilize revenue by using the available data under the below sub titles: 
 
• revenue variability 
• revenue challenges and trends 
• revenue v/s rate adjustment 
• production v/s revenue 
• solution to stabilize revenue 

Justification of the Study 
This study will be useful to NCWSC, AWSB, the GOK and other stake holders in providing information 
on how water utilities can come up with strategies on being resilient in this period of water scarcity. 
 It is designed to be used by facility managers and government officials.  
 
RESEARCH METHODOLOGY 
 
Research Design 
 
This is an applied research.  
Applied research is a form of systematic inquiry involving the practical application of science. It accesses 
and uses some part of accumulated theories, knowledge, methods, and techniques, for a specific 
purpose. Applied research is contrasted with pure research (basic research) in discussion about 
research ideals, methodologies, programs, and projects. 
 Applied research deals with solving practical problems and generally employs empirical methodologies. 
Data Analysis, interpretation and presentation 

Data from Nairobi Water Company (10 yrs.) was analysed on areas of residential revenue billed, 
customer base and the volume of water billed. 
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    Year 
 Number Of 
Customers 

 Volume of Water 
Billed  Revenue Billed  

 2007 
                   
201,348.00 

                  
58,986,254.46 

        
3,577,273,218.59  

 2008 
                   
209,788.00 

                  
64,943,341.88 

        
3,066,263,723.01  

 2009 
                   
209,321.00 

                  
44,212,451.10 

        
3,356,020,468.93  

 2010 
                   
227,786.00 

                  
55,914,111.56 

        
2,429,838,764.65  

 2011 
                   
233,845.00 

                  
67,956,927.17 

        
3,377,568,093.46  

 2012 
                   
229,426.00 

                  
68,793,056.44 

        
3,551,455,429.81  

 2013 
                   
233,518.00 

                  
87,937,682.30 

        
4,767,577,527.57  

 2014 
                   
239,383.00 

                  
96,333,618.30 

        
5,126,918,718.81  

 2015 
                   
214,720.00 

                  
90,694,138.26 

        
5,506,465,097.89  

 2016 
                   
204,397.00 

                  
67,058,513.86 

        
5,106,980,915.64  
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Paper ID: 3748752 
 
 Assessing the Impact of Access to Clean Water and Sanitation on Basic Education: A Case 
Study of Northern Region of Kenya  
 
PW, Mwangi, +254711108944, Patrick.Waweru@nairobiwater.co.ke  
 
Central Message  
This paper seeks to highlight the relationship between access to clean safe drinking water and basic 
education. This is a crucial study which is meant to address and advice the government authorities 
and relevant development partners on the need to increase investment in enhanced access to water 
and basic sanitation. The paper also seeks to answer questions of poor academic performance in the 
water strained region of northern Kenya.  
 
Materials of Intervention  
During the study, critical analysis and interpretation of available data from varied sources has been 
carried out. This includes data from both global organizations like the World Bank and local Kenyan 
publications and research centres.  
 
Results and discussion  
According to the Sustainable Development Goals Report of 2016, 663 million people still use 
unimproved water sources across the world. In addition, more than 2 billion people are water stressed 
globally. In Kenya, water coverage currently stands at about 55% in the urban areas (Impact Report, 
2016) and about 49% coverage in the rural areas (Impact Report, 2015). Recent studies by World 
Health Organization (WHO) revealed the important relationship between investment in clean water 
supply and enhanced basic education. It was shown that increased investment in accessibility to clean 
water leads to an additional 272 million school attendance days annually. This also results in an 
additional 1.5 billion health days for children below 5 years, which is the ideal age children start basic 
education.  
 
Water scarcity is rampant in Kenya’s urban slums and the rural areas most of which are marginalized 
as a result. In the northern Kenya, residents have to walk for many kilometers in search of this 
precious commodity. For the communities living in these arid and semi-arid regions, the roles of 
fetching water falls squarely on the women and children, and this has adversely affected the school 
enrolment and attendance rates. Absenteeism caused by the additional duties of looking for water 
eventually affects the academic performance. In addition, physical exhaustion by these children and 
thirst for those in school results in attention deficit and thus poor performance academically.  
Most counties in Northern Kenya including Turkana, Wajir and Mandera have widespread cases of 
water borne diseases like diarrhea and typhoid since the residents consume contaminated water 
(UNDP Human Development Report, 2006). These illnesses contribute greatly to poor school 
attendance for the children deteriorating further their academic prospects and contracting the 
possibilities of breaking the cycle of poverty in these regions.  
 
Due to the water stress, most professionally trained tutors are reluctant to take up teaching jobs in 
such areas and this undermines the access to professional guidance by teachers, leading to volunteer 
teachers taking up these duties even with no training on the same. This undermines the quality of 
teaching offered to these children as compared to their compatriots in more water-secure areas.  
 
Contributions of the Work  
Further to prior research done in other Kenyan water stressed areas, especially in the urban slums, 
this study confirms the direct impact that access to clean safe drinking water has on a child’s basic 
education. It will be a useful investment guide to the county governments in these areas as it informs 
them of the need to invest in water supply, which has a trickle-down impact on the education 
standards and eventually on economic growth. A 10% increase in literacy levels has been found to 
spur economic growth by about 0.3% (UNICEF).  
 
References  
Beyond Scarcity: Power, Poverty and the Global Water Crisis, UNDP 2006.   
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Paper ID: 3750515 
Efficient Energy Management at Nairobi City Water and Sewerage Compa ny 
Author names Elenah Wangui 
 
Abstract 
Energy management is the process of monitoring, controlling, and conserving energy in a building or 
organization. It typically involves the following activities; metering the energy consumption and data 
collection, identifying opportunities for energy saving, taking action to target the opportunities and finally 
tracking progress by doing some data analysis. This paper looked at the above activities at a select 
number of installations at the Nairobi City Water and Sewerage Company. A number of areas were 
identified as energy saving opportunities such as use of energy efficient motors, Pump and motor shaft 
alignment, change from electromagnetic to electronic ballasts in fluorescent tubes, use of LED lights in 
lieu of mercury vapour flood lights, awareness campaigns amongst others.   
 
Introduction 
Nairobi City Water and Sewerage Company (NCWSC) provides water and sewerage services to the 
approximate 4 million residents of Nairobi City County, the capital city of Kenya. The company has been 
in operation for 10 years and operates through six administrative business centers in Nairobi, with three 
dam station installations, one spring installation, three clean water treatment plants and two waste water 
treatment plants. As the company is run on commercial principles, its workforce is integrated into a 
competitive and productive environment that is customer focused and results oriented.  
 
Energy Management 
Energy management is the process of monitoring, controlling, and conserving energy in a building or 
organization. Improving energy efficiency is one of the most cost-effective strategies a company can 
use to manage rising energy costs and growing concerns over greenhouse gas emissions.  
Introducing strong and robust energy management systems and ways to identify performance 
improvements can drive significant cost savings, competitive advantages and mitigate against energy 
price volatility. Companies that have an in-depth knowledge and understanding of their energy use and 
systems to manage it, have demonstrated increased productivity, better staff engagement, and 
reputational benefits.  
 
This is reflected in their share value and attractiveness to institutional investors. It typically involves the 
following activities; metering the energy consumption and data collection, identifying opportunities for 
energy saving, taking action to target the opportunities and finally tracking progress by doing some data 
analysis. Energy management is the key to saving energy in any organization. Much of the importance 
of energy saving stems from the global need to save energy - this global need affects energy prices, 
emissions targets, and legislation, all of which lead to several compelling reasons why one should save 
energy at the organization.  
 
Saving energy globally helps us reduce the damage we are doing to our planet and also reduces our 
dependence on fossil fuels which are becoming increasingly limited in supply. At the organization level, 
Energy management will enable the organization to reduce costs, reduce carbon emissions and 
environmental damage and ultimately reduce risks associated with energy price increases which is 
increasingly becoming important as energy costs rise. 
 
Materials and Methods 
Some of the materials used in the research include an energy audit report done on a section of the 
company’s installations and offices and data collected from energy consumption over the period of 
review. 

Results and Conclusions 

The results of this study shall help the company critically assess its energy use and form a guideline on 
energy management. 

References 
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Paper ID:3798717 
 
Overcoming Water Scarcity: Effluent Water Reuse 
 
S Nuthu 
 
Abstract 
Kenya is a water-scarce country with the capital city, Nairobi, receiving around 570,000 m3 per day. 
Potable water for irrigation and industrial use is generally unavailable, and this calls for alternative 
water sources. Despite use of waste water being illegal in Kenya, it is used for irrigation in Nairobi. The 
objective of the sewage treatment plant is to produce a disposable effluent without causing harm to 
the surrounding environment and prevent pollution. 
The study aims to determine the concentration of key parameters that support the growth of maize. 
Effluent water can be reused in Nairobi but there are barriers to reuse that include, lack of public 
confidence, health, the environment, reliable treatment, storage, economics, lack of relevant 
regulation, poor integration in water resource management and lack of awareness.  
 
Keywords: wastewater; potable; effluent; irrigation; reuse 
 
Introduction 
Water scarcity in many parts of Kenya is a limiting factor against development activities. Shortage of 
fresh water is worldwide. Fresh water scarcity is becoming an increasingly acute problem primarily in 
arid and semi-arid and regions of the world. According to (Rachel,2013) In arid states including Texas 
and Nevada, and rainy states, such as Florida and Virginia, municipal wastewater is collected and 
treated to an extent that doesn't meet drinking water standards, but is approved for certain uses that 
don't involve human contacts, such as agriculture, landscaping and golf course irrigation. 
 
  Irrigation of wastewater that contained sufficient quantities of nitrogen, potassium and phosphorous 
significantly increased plant height, fresh and dry weight of leaves, leaf area as well as crop yield. The 
advantages of the use of treated wastewater as irrigation water and liquid fertilizer are presented and 
discussed. Increasing water demand due to growing population solicits attention of water managers to 
think of wastewater as a source of water across the world. Wastewater deserves recognition as source 
of irrigation water in different parts of the world. Treated wastewater can be utilized in arid regions not 
only as irrigation but also liquid fertilizer.  
 
Wastewater reuse in Japan is dominated by non-potable urban uses such as toilet flushing, industrial 
use, stream restoration and flow augmentation (Japan Sewerage Works Association, 2005). 
Micronutrients or trace elements are cofactors of many enzymes (He et al., 2003). They are used in 
relatively small amounts compared to the three major nutrients N, P, K Nitrogen, phosphorus and 
potassium are naturally present in soil, but an exogenous supply may be necessary to achieve the 
expected crop yields. 
 
Potassium is required for photosynthesis and protein synthesis. It also allows the plant to drought 
tolerance a deficiency or excess of potassium increases the sensitivity of the plant parasitism. It is in 
mineral form K+ in wastewater. Micronutrients or trace elements are cofactors of many enzymes.  
Background information 
 
Dandora estate treatment plant is the second waste water treatment plant in Africa.  The sewage 
treatment plant is section of Nairobi city water and Sewerage Company limited under environment 
department and works hand in hand with the Quality department. Nairobi Water Company was 
launched on 25th  August 2006 for supplying drinking water and provision of sewerage services to the 
city of Nairobi. Waste water is treated through two processes; 
 
1.   Physical treatment 
2.   Biological treatment 
 
Dandora treatment plant is located 30km from Nairobi Kenya.it features the largest wastewater 
stabilization pond in Africa, treats 95,000M3  of sewerage per day, equivalent to about 80% generated 
from Nairobi city. The plant has been in operation since 1982 and treats mainly industrial and domestic 
sewage from the city of Nairobi and its environs. The quality of the sewage is monitored through 
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routine onsite laboratory chemical analysis at the intake, anaerobic ponds, facultative ponds, 
maturation ponds and at two locations upstream and downstream of the effluent discharge point. 
 
Objectives 
* To determine the level of phosphates at dandora estate treatment plant 
* To determine the level of nitrates at dandora estate treatment plant  
* To determine the levels of potassium at dandora estate treatment plant 
 
Materials and Methods 
NITROGEN (NITRATES). 
 Nitrate: 
Nitrates are colorless and odorless, so their presence cannot be determined without the use of special 
testing equipment. 
Instrumentation: 
Uv Spectrophotometry 
Nitrate Palin test method will be used. 
Requirements. 

i. Uv spectrophotometer. 
ii. Graduated 20ml test tubes 
iii. Graduated 10ml cuvettes 
iv. Tablet crusher 

Reagents: 
i. Palin test nitriecal 
ii. Palin test nitratest powder 
iii. Palin test nitratest tablet. 
iv. Distilled water. 

 
Both nitrates and phosphates were analyzed using UV/Vis spectrophotometer 
 
Principle of UV/Vis spectrophotometer. 
The instrument measures the intensity of light passing through a sample ( ), and compares it to the 
intensity of light before it passes through the sample ( ). The ratio   is called the transmittance, and is 
usually expressed as a percentage (%T). The absorbance, , is based on the transmittance 
   
          
POTTASIUM. 
FLAME PHOTOMETRIC METHOD. 
PRINCIPLE:  
Trace amounts of potassium can be determined in either a direct- reading or internal-standard type of 
flame photometer at a wavelength of 766.5nm.Because much of the information pertaining to sodium 
applies equally to the potassium determination. 
 
Results  
 
Table1.1 nutrients analysis for effluent water 
PARAMETER UNIT RESULTS 
potassium Mg/LK+ 
Final effluent A  46.2 
Final effluent B  5.8 
Final effluent C  11.8 
NitratesMg/LNO-3  
Final effluent A  343.13 
Final effluent B  93.0 
Final effluent C  63.6 
phosphates Mg/L PO-4  
Final effluent A  75.0 
Final effluent B  15.0 
Final effluent C  7.5 
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Conclusion. 
Effluent water contains nutrients such as nitrates, phosphates, potassium and organic  
matter. All these are essential for plant growth making treated waste water a valuable resource in 
agriculture leading to better crop yield. 
 
The nitrogen present in the wastewater from urban areas, whose main source is urine, is found 
primarily in the ammonium and organic forms, but it is absorbed by plants only in mineral form, mainly 
nitrates. 
 
Because of their nutrient present, effluent wastewaters when reused for irrigation, provoke higher 
yields of crops.  
 
References. 
Japan Sewage Works Association, (2005). Sewage Works in Japan 2005, Tokyo, 
Japan. 
Rachel Cernansky (December 16 2013). From drain to drink: innovations in waste water 
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Paper ID:3746436 
Water Management – Saving water by using waterless urinals 
Andrew M. Ndegwa 
Nairobi City Water and Sewerage Company, Nairobi, Kenya 
andrew.mungai@nairobiwater.co.ke 
 
Abstract 
Generally a toilet consumes between 5 - 9 litres per flush. This is a huge amount of clean water that 
could be put to better use. Research has been done on the field by consulting experts in water 
biology, water chemistry and farmers. Biologists and farmers confirm that water truly is being wasted 
through flushing of the toilets for the water is actually not a necessity for the disposal of urine. This 
could bring about major positive effects to a country’s  water shortage, not only to the people who lack 
water but it could also increase a company’s productivity on how best to distribute this excess water 
that could actually be saved and benefit others who truly need the water.  
 
Recent findings have shown that chemically, water plus urine produces ammonia, hence the foul smell 
in urinals, which is why a large amount of water is needed to rid of the smell. Biologically and 
chemically urine in its pure form is actually beneficial to plants if it can be used directly thus eradicating 
the need for flushing the toilet and saving litres and litres of water. Through practicality, we can 
measure the current amount of water being used during a flush of the toilet, and using estimates we 
can find that just one person if he uses at least 6 litres of water and find that one person may visit the 
urinal at least 4 times in a day that is 24 litres of water gone to waste and that is just 1 person in 1 
home. When we do the calculations, putting just 2 people in a home in a region of 500 homes we find 
that we are wasting 48,000 litres of water and these are calculations on the lower side, this is too 
much water-loss. Biologists and farmers confirm that urine could be beneficial to nature and plants, but 
only if the urine is deposited directly into the soil (Bhurani, 2016). Urine is also a source of medication, 
can be used for cleaning properties, tanning and textiles. 
 
Before this research was conducted, people were known to have a fixed mind set on that urinals must 
be flashed all the time which is not the case and getting people to switch from flushing urinals to not-
flushing urinals can be a cumbersome task. The main area of this work is to broaden the peoples mind 
and the company’s perspective on that gallons of clean water are truly being lost to flushing and we 
should come up with ways to save this water to help those in need of it and to better distribute the 
excess water that could come from eradicating flushing using excessive water. The findings of this 
work has been positive and could prove to be a leap in the water management and saving 
department. The research has concluded that the waterless urinals can be achieved, task will be 
separation of the solid waste and liquid waste cleanly and disposing it off to nature in a beneficial way 
while ensuring minimal water is used in the process. Lessons learnt are the public needed to be aware 
of such saving water techniques and should open their minds to new possibilities and welcome such 
ideas into the community to make it a better place for them and for others. Some unanswered 
questions are; will the company take an interest in such an idea? Shall the community accept this new 
concept of saving water and see it as beneficial in the long run? Shall other companies and water 
industries deem it viable and implement it in their respective regions and areas? 
 
References 
Michael T. Madigan; Thomas D. Brock (2009). Brock biology of microorganisms. Pearson/Benjamin 
Cummings. ISBN 978-0-13-232460-1. Retrieved 10 September 2011. 
von Münch, E., Winker, M. (2011). Technology review of urine diversion components - Overview on 
urine 
diversion components such as waterless urinals, urine diversion toilets, urine storage and reuse 
systems. 
Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH 
Bhurani, J. R. (2016). Natural benefits of urine therapy: Shivambu "nectar of life"  
  

http://www.iwaywpconference.org/
mailto:IWAYWPconference@iwahq.org


BUILDING LEADERS & MAKING IMPACT 
w ebsite: w w w .iw ayw pconference.org | email: IWAYWPconference@iw ahq.org 

P
a
g

e
5

1
 

Paper ID: 3746802 
Making information accessible transparent and understandable to all consumers: Lessons from 
nairobi’s water crisis.  
 
By : D.M.Mahemba, Nairobi City water and Sewerage Company LTD, dmahemba@nairobiwater.co.ke 

Introduction 

On January, 1, 2017, Nairobi City Water and Sewerage Company (NCWSC) issued a notice to Nairobi 
city residents that there was water shortage and as a result the residents would have to be put on a 
rationing program. The idea of the program was to ensure that water would be equitably distributed 
among the company’s customer. What followed after the notice were numerous queries, complaints, 
opinions on how the company should have handled the water crisis.  Public online and offline 
engagement by the company became constrained as days went by. According to Hotlz,S & Havens,J.C 
( 2009) , If ever the was a time for organizations to adopt a culture of transparency –and if ever the was 
a time when corporate leadership is most inclined to shutter windows and hunker down it is during an 
organizational crisis state that if a company’s warts and weaknesses are subject to exposure on the 
best of days thanks to the microscope under which they are scrutinized by anyone with interest or an 
axe to grind, that scrutiny is magnified during a crisis . Holtz, S., & Havens, J. C. (2009). 
 
Consequently, this study sets out to outline the lessons learnt from the three month water crisis faced 
by the company. The lessons learnt will be used to demonstrate the importance of transparent, 
accessible and understandable communication during a crisis. It will do so by answering the questions: 
how did the communication channel used influence an institutions’ growth and development? How much 
information did the organization release to the public during the crisis? Do communication channels 
have direct impact on organizations revenue?  
 
This study will employ the case study research method as the main research method. In addition, the 
study will use reflective research designs based on the available and the researcher’s recollection of the 
crisis during the water crisis in 2017.  Further, qualitative and quantitative research approaches shall 
also be employed where random sampling will be used to draw the sample from which the data shall be 
collected from NCWSC’s internal and external communication, traditional and new media.  

By the end of this study , the practical the research will bring out  that during a crisis there is need for 
openness and sincerity , no matter how painful it might be to admit.  

 

REFERENCES  

Holtz, S., & Havens, J. C. (2009). Tactical transparency:how leaders can leverage social media to 
maximize value and build their brand . San francisco : Jossey- bass. 
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Paper ID: 3749792 
 
Is water supply sufficient to the urban population?  
 
H.O. Mwalo*, B. H. Mustafa** 

* NCWSC, box 30656 – 00100  Nairobi,hommwa@gmail.com 

**NCWSC, box 30656 - 00100 Nairobi, MBuke@nairobiwater.co.ke 
 
Central message 
This paper surveys the current and future situations of water resources, thus water supply to the urban 
settings, using the rubric of sustainability evaluation. It attempts to answer the question whether the 
current water resources are able to adequately supply water to the urban population in the foreseeable 
future. This work is of great importance since water is an invaluable resource supporting human life, 
ecosystems and production processes (Qian, 2016); its crisis threatens human life (existence) and 
economic progress 
 
Water sustainability refers to its adequate supply into the foreseeable future not withstanding available 
quantities and its uncontrolled, infinite availability. This paper will explore water sustainabilit y from 
three fronts; environmental, economic and social perspectives. That is, supply adequate water to meet 
the needs of the current population from the available resources without deteriorating the environment; 
profitably supply the water to the households; and improving the lives of the consumers. 
 
Description of intervention 
This paper adopts the rubric of sustainability evaluation to explore sustainability of water in urban 
areas. This methodology follows the triple bottom line approach, that is, it bases on three aspects 
namely social, economic and environmental (Heintz, 2004). It will explore the factors affecting water 
quality, availability and quantity and their management thereof; impact of safe and unsafe water on the 
population; and water production economics. These explorations will culminate into recommendations. 
 
Results and discussion 
Water sustainability is an elusive objective that might not be fully realized. Possibly, it can be regarded 
as ‘a shifting goal’ where the efforts and initiatives adopted to realize it ought to be evaluated to reflect 
the progress along the ‘endless journey’ of reaching complete water sustainability. A composite of 
endeavors that include appropriate technologies, sound management administrations and effective 
policies are desirable for fruitful water sustainability approaches. 
 
Production technologies and processes must me researched on and improved to promote production 
economics. Water supply and sewer systems must be developed to reduce leakages and bursts and 
contamination responsive for water loss and diseases respectively. These strategies will greatly 
enhance the financial muscle of the producing and supplying companies. 
 
Competent management administrations also play an important role in water sustainability as they 
influence the utilization of the available scarce resources starting from collection through production to 
final consumption. They will support the personnel working on water supply and sewer systems, 
revenue collection and the marketing department responsible for the reputation of the service-
providing companies. ‘Leadership is not about a title or a designation; it is about impact, influence and 
inspiration.’ 
 
Further, effective policies cannot be downplayed in water sustainability initiatives. Preservation of the 
environment, water resources, is of emphasis since pollution is better controlled from its sources. 
Transparency and accountability about the operations of the water sector stakeholders are integral to 
water sustainability. Commitment and collaboration of involved stakeholders is the most rewarding 
way to follow. 
 
Contributions of the work 
It is evident that there is inadequate water supply to the urban population as the water supplied does 
not fully meet the needs of the population, hence the need for appropriate measures to ensure 
efficient supply and optimal utilization of the available quantities. However, complete achievement of 
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water sustainability is elusive. It might not be fully achieved but there is room for improvement through 
improved technologies, sound management practices and effective policies. 
 
With the current technological innovations, it was expected that most urban population would be 
enjoying advanced water supply and consumption services but the results suggested otherwise. There 
were contamination of water from sewer lines and les informed clients. Most of the population 
reserved sustainability to the environmental pillar but not economic and social pillars. Sustainability 
initiatives should be extended to community support, ethics, water storage and regulatory compliance. 
In conclusion, collaboration among all involved stakeholders right away from the government through 
the service-provider to the final consumer is the most rewarding. 
 
References 
Qian, Y. (2016). Sustainable Management of Water resources. Engineering, 2(1), 23-25. 
Heintz, T. H. Jnr. (2004). Applying the Concept of sustainability to Water resources  Management. 
Water resources update, 127, 6-10. 
  

http://www.iwaywpconference.org/
mailto:IWAYWPconference@iwahq.org


BUILDING LEADERS & MAKING IMPACT 
w ebsite: w w w .iw ayw pconference.org | email: IWAYWPconference@iw ahq.org 

P
a
g

e
5

4
 

 
Paper ID: 3749606 
 
 Activation of consumers interest and interaction through social media. 
 
C. N. W. Supeyo, Corporate Affairs, Nairobi City Water & Sewerage Company Ltd, P.O Box, 30656 – 
00100, Nairobi, csupeyo@nairobiwater.co.ke  
 
Introduction  
Social media has become digital force globally, causing an increase in its adoption in organization’s 
communication strategies around the world. Because social media as set the bar as a new tool for 
communication and with its continuous rapid growth, it is of importance to analyze the impact it has on 
the overall communication field, with particular interests on how it is used in customer engagement in 
utilities.  
 
The objectives of this study is to explore the impact of social media on the communication strategies, 
looking into its effectiveness, and to analyze Nairobi City Water & Sewerage Company (NCWSC) 
online presence in relation to the use of digital tools for communication.  
 
Materials and Methods  
Questionnaires were administered to gather data for analysis. This method was chosen for its 
effectiveness in gathering information without being influenced by interviewer bias. The sample size 
for this research was set at n=100, calculated from an approximate target population 1,000 using the 
standard error formulae, with the z-score set at 95 percent, margin of error at 9.3%, and the response 
distribution at 50 percent.  
 
Results and Discussions  
Results from the data analysis show that the most preferred social media tools are Facebook, Twitter, 
WhatsApp and Telegram. The findings indicate that NCWSC made significant effort with regards to 
feedback and formulating two-way communication with stakeholders in interacting with its audience. 
This significantly enhanced its reputation as perceived by the stakeholders. The findings indicate that 
two-way symmetrical communication enhanced the relationship between the company and its various 
stakeholders.  
 
Contributions of the work  
NCWSC has significantly adopted the online platforms, however the conversation has not been two-
way and thus the full benefits of the social media platforms has not been experienced. Prior 
conceptions were that social media was be a platform mainly used to inform customers on what is 
happening within the organization. However, research has shown that it is the fastest growing 
customer feedback platform and the quickest means to gather information on how your customers 
perceive your organization and the goods or services you provide. It is therefore in the best interest of 
organizations to not only maintain the offline channels but to ensure that the conversation is also 
moved online and is constantly monitored and updated.  
 
References  
Albertan, A. B. (2013). The Social Media Industries: Media management and economics. New York: 
Routledge.  
BAKE. (2015). State of Blogging & Social Media in Kenya 2015 Report. Nairobi: Bloggers Association 
of Kenya (BAKE)   
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Paper ID: 3753743 

 
Nutrient Removal from Low Strength Domestic Sewage using Anaerobic Hybrid Reactor   

Farrukh Basheer*, Asad Aziz **, Ashish Sengar*** and I H Farooqi***  

* Department of Civil Engineering, Z.H.C.E.T. Aligarh Muslim University, Aligarh 2020002, 
farrukhbasheer@yahoo.com 
** Department of Civil Engineering, Z.H.C.E.T. Aligarh Muslim University, Aligarh 2020002, 
aziz.asad1991@gmail.com 
*** Department of Civil Engineering, Z.H.C.E.T. Aligarh Muslim University, Aligarh 2020002, 
ashishsengar@gmail.com 
**** Department of Civil Engineering, Z.H.C.E.T. Aligarh Muslim University, Aligarh 2020002, 
farrooqi_izhar@yahoo.com 

Central message  

Due to excessive discharge of untreated sewage in surface water bodies, a problem of eutrophication 
occurs due to presence of nutrients in sewage.  Conventional treatment of domestic sewage for 
removal of nutrient/nitrogen involves two process nitrification and dentrification. But both these 
process requires energy and cost for external carbon source.  These days new, process for nitrogen 
removal is the anaerobic ammonium oxidation (Anammox) process. In this process ammonium is 
oxidized to nitrogen gas with nitrite as electron acceptor. 
This works is carried out to develop Anammox conditions inside the Anaerobic Hybrid Reactor 
(UASB+Anaerobic Filter). The results shows that keeping proper conditions inside the Anaerobic 
Hybrid Reactor nitrogen and phosphorous can be removed from low strength domestic sewage. 

Materials and Methods  

Reactor setup and operation Laboratory scale anaerobic hybrid reactor used in this study, was 
fabricated with Perspex material and has an internal diameter 50 mm. the total height of the reactor 
being 1400mm. The effective volume of the reactor was 2.50 litres. The anaerobic hybrid reactor 
consisted of a UASB at the bottom and an anaerobic filter at the top. Anaerobic filter provided effective 
gas liquid solid separation. The height of the UASB rector was 650mm and that of anaerobic filter was 
740mm. It was proposed to utilize equal volume of both UASB and anaerobic filters. The effective 
volume of anaerobic filter was found out and accordingly its height was calculated and worked out to 
be 740 mm. For same volume the height of UASB worked out to be 650 mm. This has been done to 
maintain equal HRT in both the portions of the reactors. A freeboard of 110mm was also provided. The 
media used for anaerobic filter was PVC pipe of inner diameter 25mm which has been cut into pieces 
nearly of length 25mm. The schematic diagram of the Experimental Setup is shown in Figure 1.  
Measurement of pH, biomass concentration, chemical oxygen demand ‘COD’were done in accordance 
with Standard Methods (APHA, 2002). Dissolved oxygen concentration (DO), Oxygen Reduction 
Potential (ORP), pH was measured using HACH, USA HQ30d portable meter coupled with 
LBOD10101 probe. Total Nitrogen, TKN Nitrate, Nitrite, and Phosphorous were analyzed using HACH 
DR5000 spectrophotometer using HACH Reagents. 
 
 Results and Discussion  
Initially during the start up the reactor was inoculated with anammox acclimatized sludge (prepared in 
the laboratory scale reactor), anaerobic sludge and aerobic sludge in equal proportion brought from 
nearby sewage treatment plant. After this the reactor was fed with the sewage coming from local 
laboratory, student’s hostels and residential areas. The sewage was having very low strength COD in 
the range of 100-200 mg/L, Total nitrogen was in the range of 40-30 mg/L, Phosphorous 40-50 mg/L. 
Initially the reactor was started with HRT of 24 Hour. Proper monitoring of ORP and DO was carried 
throughout the whole process. DO was maintained inside the reactor in the range of 0.5-1 mg/L by 
intermittent aeration inside the reactor. After operation of 60 days under these conditions reactor was 
able to remove Total Nitrogen removal efficiency of about 70% and in the effluent Nitrite concentration 
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was almost zero indicating that significant anaerobic ammonia oxidation was occurring in the reactors. 
Also the phosphorous removal under these conditions was around 55%. This shows that some 
phosphorous accumulating bacteria is also developing under these conditions.  
 
Contributions of the work  
Earlier it was considered that Nutrients can’t be removed in anaerobic systems. This works try to 
develop conditions that can be evolved for the removal of Nitrogen and Phosphorous for low strength 
domestic sewage. Anaerobic Reactor can be used in this case for development of Anammox bacteria 
and phosphorous accumulating bacteria simultaneously. This can save the energy as well as cost for 
external carbon source. 
 
Acknowledgement 
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Figure 1:  Experimental Setup 
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Paper ID: 3749927 
 
Waste to be removed or value to be reused? Advanced utilization of organic carbon rich 
process and waste water flows of soft drink industry 

V. Bakos* and A. Jobbágy* 

* Budapest University of Technology and Economics, Dept. Applied Biotechnology and Food Science, 
H-1111 Budapest, Szt. Gellért tér 4, vbakos@mail.bme.hu; (Date of birth: 08/12/1982, platform 
presentation), ajobbagy@mail.bme.hu  

Central message 

Deficiency or marginal availability of readily biodegradable carbon source in domestic wastewater is 
emerging challenge for biological nutrient removal (Tardy et al., 2012, Barnard et al., 2015). Besides, 
generally, carbon waste of industry has to be eliminated by costly pre-treatment due to strict end-of-
pipe criteria. Although main wastewater stream of soft drink industry contains high amount of readily 
biodegradable carbon source, several process water streams may contain disinfectants coming from 
cleaning process.  
Research purpose was to highlight and/or prove the followings (see Fig. 1):  

 It is a must to reconsider pre-treatment strategy of process and waste water streams depending 
on biodegradability and toxicity. 

 Due to environmental and economic considerations, disinfectant peracetic acid (PAA) is to be 
recovered by membrane filtration.  

 Remaining low concentrations of PAA can be removed and cleaned water recovered by 
biological treatment. 

 Main wastewater stream (without disinfectant) may deliver valuable carbon source for domestic 
wastewater treatment. 

Materials and Methods 

Recovery and removal of peracetic acid from process water 
Aqueous solution of PAA can be regarded as a mixture of PAA, water, acetic acid (AA) and hydrogen-
peroxide (HP) being in the quaternary equilibrium shown in Equation (1).  

 22323 OHCOOHCHOHCOOOHCH   
      

 Eq. (1) 
Biochemical experiments were based on the hypothesis that PAA dissociation in aqueous solution 
produces readily biodegradable acetic acid (AA), thus disinfectant can likely be eliminated through its 
biologically enhanced dissociation. Although HP is also a strong biocide, its auto-degradation leads to 
formation of water and oxygen.  
Methods were developed according to multiple aims: 

 For recovering PAA from biocide process water: three-stage nanofiltration - reverse osmosis – 
reverse osmosis membrane filtration process was used applying 2000 mg L-1 initial PAA 
concentration (according to the process water composition of beverage factory) at 25°C and 30 
bar. 

 For proving biologically enhanced degradability of PAA at lower concentrations and for 
recovering cleaned water from permeate: Four simultaneously operated fixed-bed biofilm lab-
scale systems were operated in continuous-flow during 65 days. On the basis of the filtration 
results (i.e. PAA content of permeate) two different kinds of influent model wastewater were 
used having PAA as sole carbon source at concentrations of 100 and 500 mg PAA L-1, 
respectively. At each influent concentrations one aerated (100-AE and 500-AE) and one non-
aerated (100-NA and 500-NA) systems were investigated (see general layout in Fig.2a). 
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Concentrations of nutrient sources were set with regard to avoid deficiency (Jenkins et al., 
2004).  

Investigation of a domestic wastewater treatment plant receiving seasonally industrial 
discharge of a soft drink factory 
On-site concentration profile measurements were carried out both on the sewer network and at the 
activated sludge wastewater treatment plant (WWTP) four times in different operational periods (with 
and without additional industrial discharge). On the basis of measured data, ASM (Activated Sludge 
Model) based model was fitted to the operation of the WWTP and further simulations were carried out 
by SSSP and BioWin 3.1 softwares. 

Results and Discussion 

 Membrane filtration process proved to be efficient, PAA could be concentrated and remarkably 
lower concentrations could be achieved for permeate (100-500 mg PAA L-1). 

 During the pilot-scale experiment, PAA could efficiently be eliminated in all systems. However, 
while DOC (dissolved organic carbon) elimination was also excellent in AE systems (80-96%), 
remarkable amount of DOC retained in the NA reactors and pH decreased markedly.  

 Nitrification could be achieved in the AE down-flow reactors which could be attributed to the bio-
elimination of PAA in the upper level as well as to robust nitrification activity (see Fig.  2b,c). In 
NA systems no nitrogen removal could be detected, moreover, accumulation of ammonia 
occurred between two consecutive backwash steps. 

The high PAA and DOC elimination rates in AE systems verified the basic consideration, PAA could 
be efficiently eliminated through removal of the dissociation product AA.  
Lower efficiency of NA systems may be related to accumulation of dissociation products and limited 
decomposition rate of PAA and HP resulting in high toxicity and consequently lower microbial activity. 

 
On-site measurements and mathematical simulations of the domestic WWTP proved that  

 Inlet wastewater was severely carbon deficient without additional industrial load resulting in high 
effluent nitrate concentrations (see Fig. 3).  

 Carbon source coming from the soft drink industry proved to be efficient for shifting inlet C/N 
ratio to a more favorable range for denitrification without causing nitrification nuisances.  

 
Contributions of the work 
 

 PAA is a powerful biocide applied in broad industrial spectrum. 
 Wastewater discharged by soft drink industry contains considerable amount of readily 

biodegradable carbon source. 

 It has become global challenge that domestic wastewater treatment plants face lack of inlet 
carbon source. 

 Research aimed to provide advanced strategy for carbon source recovery and reuse both for 
process water and discharged wastewater of beverage industry.  

 Remarkable amount of PAA can be recovered from process water by membrane filtration 
process.  

 Biologically enhanced degradation of residual disinfectant may be efficient in aerated fixed-film 
bioreactors. 

 In case of low inlet C/N ratio the additional organic load of beverage industry can be favorable 
for heterotrophic processes (e.g. denitrification) at the domestic WWTP. 

 Novel approach is needed for state of the art wastewater treatment and reuse considering 
WWTP, its catchment area and connected industrial facilities as integrated industrial ecosystem 
for finding best available and cost-effective solutions. 
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Figure 1. Process diagram and overall research concept 

 
Figure 2. a) General layout of the continuous-flow pilot-scale biofilm systems and sequencing 

sampling points on fixed-bed bioreactors. Measured PAA and NH4N concentration profiles of the  
b) 100-AE and c) 500-AE systems on the 58th day of operation 
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Figure 3. Measured and calculated effluent nitrate concentrations at different inlet loads of domestic 

WWTP 
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Paper ID: 3752964 
 
Troubleshooting long-term biofouling by dispersed bacteria in full-scale membrane bioreactor 
 
A. L. Carlson*, G. T. Daigger**, N. G. Love*** 

* University of Michigan, Department of Civil and Environmental Engineering, 1351 Beal Avenue, Ann 
Arbor, Michigan 48109 USA, email address: averyca@umich.edu  
** University of Michigan, Department of Civil and Environmental Engineering, 1351 Beal Avenue, Ann 
Arbor, Michigan 48109 USA, email address: gdaigger@umich.edu 
*** University of Michigan, Department of Civil and Environmental Engineering 1351 Beal Avenue, Ann 
Arbor, Michigan 48109 USA, email address:  nglove@umich.edu  

 
Central message  

Beginning in 2004, the Traverse City, Michigan, USA Wastewater Treatment Plant is the first to 
operate a full-scale, continuous flow membrane bioreactor (MBR) at significant scale (32,000 m3/day). 
After operating several years successfully, over the past six years, the treatment plant experienced an 
onset of dispersed bacterial growth that upsets plant operation, and causes substantial loss of 
membrane permeability. A review of historical data has not indicated causes for the growth of these 
organisms, nor suggested any discernible seasonal pattern. This paper develops the methodology for 
identifying underlying factors causing dispersed growth at the Traverse City plant, and establishes a 
framework for finding a solution to this long-term problem. As a first of its kind, the operating history for 
the Traverse City plant significantly exceeds that of the many other subsequent MBR plants.  The fact 
that dispersed bacteria did not appear until several years after plant commissioning suggests that such 
events may yet be observed in the increasing number of MBR plants with shorter operating histories.  
Thus, diagnosis of the causes for the presence of these bacteria at Traverse City can have significant 
relevance to the many existing and yet to be built MBR plants. 

 
Materials and Methods or Description of Intervention  

The objectives of the current work by the University of Michigan team, as documented in this technical 
paper, are two-fold:  

1. Describe the underlying seasonal and yearly loading and operating conditions within the system 
2. Enumerate historical upsets in the system, and determine whether possible triggers for system 

permeability problems and outbreaks of CSGPB growth can be identified 
a. Historical Operation: review of the plant’s SCADA data taken from the past six years  

will develop the typical seasonal influent flow and mass loadings to establish a baseline 
i. Review of influent flow rates, temperatures, chemical/mass loading 

b. Plant Operation: establish a rationale for changes in operating conditions within the 
plant under normal conditions without dispersed bacteria appearance 

i. Seasonal SRT changes 
ii. Does the calculated cell yield follow the same trends found in literature? 

c. Analysis of Upset Periods 
i. Define periods of atypical plant conditions due to dispersed bacterial growth 
ii. Analyze influent, primary effluent, and effluent data to find any existing patterns. 

Establish if chemical loading is the “lead” and “lag” relative to biofouling events 
iii. Coordinate timeline of atypical influent/poor effluent quality with dispersed 

bacterial growth 
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Results and Discussion  

 Historical Operation:  
o Influent flow rate and water temperature follow universal trends for northern plants, i.e. 

high flow and water temperatures in the summer, low flow and colder temperatures in 
the winter 

o Influent characteristics are stable throughout the seasons 
o Primary effluent characteristics follow the same trend as the influent  

 Plant Operation:  
o There exists a strong correlation between SRT and suspended solids concentration in 

the aeration basin 
o The cell yield follows the linear trend found in literature (Sherrard et al, 1972). Any 

changes seen in MLSS was due to operational changes in SRT to ensure nitrification, 
and not because of dispersed bacterial growth. 

 Analysis of Upset Periods 
o Periods associated with dispersed bacteria growth fall into two categories based on 

magnitude of membrane performance decline. See Table 1 below for more detail.  
 “Events” are defined as dips in permeability, but are not debilitating; plant 

operators can mitigate. “Outbreaks” are defined as serious decline in 
performance, observation of slime, zoogloeal presence; emergency action is 
required 

o There does not appear to be a correlation between onset of dispersed bacterial growth 
and influent concentration of chemical constituents, such as ammonia, BOD, or 
phosphorus 

o However, there does appear to be a pattern of appreciable nutrient loading after an 
event or outbreak has already started, which could worsen the situation.  

o There exists a pattern of increased ferric chloride dosing during events and outbreaks, 
possibly resulting in orthophosphorus precipitation, and subsequent EPS formation 
(slime). Increased chemical dosing is not economic, and could be causing a nutrient 
deficiency 

o Elevated ammonia levels are seen in the effluent of the plant, which is indicative of 
induced strain on nitrifiers 

 Because no patterns can be discerned from plant data, a methodology for experimentation is 
needed for mixed liquor samples 

o Molecular methods: DNA extraction/sequencing of 16s rRNA for metagenomic analysis 
 What is the genus, and what metabolic information could this provide? What 

genes can this organism express? 
o EPS testing: Determine the carbohydrate to protein ratio to characterize the slime found 

in mixed liquor 
o Cloning and reactor experimentation: Development of an enriched culture and seed a 

semi-batch reactor for tests on the metabolic response, growth patterns of dispersed 
bacteria 

o FISH analysis: How does dispersed bacteria interact spatially in the bigger microbial 
community 

Contributions of the work  

● For many years, Traverse City Wastewater Treatment Plant has experienced sudden 
biofouling caused by the growth of dispersed bacteria in the membrane bioreactor 
basin. The identity and metabolism are unknown, as well as the factor triggering 
aggressive growth 

● The review of historical data provides clear definition between the typical plant 
operation conditions, i.e. repeated seasonal mass loading patterns and operational 
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adjustments, and the atypical, i.e. membrane performance and effluent quality decline 
due to dispersed bacteria.  

● The consequences of dispersed growth affects plant operation and effluent quality. 
The temporary solutions are ineffective, unsustainable, and costly  

● The diagnosis of symptoms provides evidence that unmeasured, external factors are 
the likely cause of growth, and not the measured chemical influent constituents. It also 
defines the consequences of said growth on plant performance 

●  The specified framework of molecular methods will be used to investigate the identity 
and metabolism 

Table 1. Periods of dispersed bacteria appearance coinciding with permeability decline 

Upset Date Start Date End 
Initial Outbreak January 15, 2011  April 8, 2011 
First Permeability Event June 2012 July 2012 
Second Permeability Event September 9, 2012 November 13, 2012 
Third Permeability Event December 17, 2012 January 2013 
Second Outbreak February 2013 March 2013 
Third Outbreak December 24, 2014 April 7, 2015 
Fourth Outbreak September 2, 2015 October 8, 2015 

 

 

 
 

References: 

1. Sherrard, J.H., Schroeder, E.D. (1972). Relationship between the observed cell yield coefficient and 
mean cell residence time in the completely mixed activated sludge process. Water Research, 
6(1), pp.1039–1049. 

 
 
  

http://www.iwaywpconference.org/
mailto:IWAYWPconference@iwahq.org


BUILDING LEADERS & MAKING IMPACT 
w ebsite: w w w .iw ayw pconference.org | email: IWAYWPconference@iw ahq.org 

P
a
g

e
6

4
 

 
Paper ID: 3749843 
Investment on Membrane technology for treatment of trade effluent for secondary re-use: 
Changing the weakness into a strength. 
 
M.N Cele, C Botha, L Laas 
Department of Pollution and Environment, eThekwini Water and Sanitation,  
 PO Box 336, Durban, 4000. 
 South Africa. 
Emails: Mxolisi.cele@durban.gov.za 
 
Abstract 
There is a major swing for manufacturing companies investing on their trade effluent for treatment to re-
use for manufacturing and secondary purposes. The factors responsible for this trend are the growing 
global demand for water market, stringent regulations, and environmental concerns.  
 
The most common alternative technology that is being installed by manufacturing companies in the West 
of eThekwini Municipality is membrane technology. This technology offers compact systems that require 
less civil works, small foot print and achieving superior quality effluent that can be recycled for re-use.  
This paper report the full scale commissioning of membrane technology for a company situated in 
Pineside Road, New Germany, Durban, South Africa. The configuration of the system employed was 
microfiltration, ultrafiltration and nanofiltration process. 
 
The objective for putting the system in place was three fold: to save on trade effluent charges, to comply 
on local authority sewage disposal bylaws, save on resources and environmental concerns.  
After commissioning of the system, the company has significantly saved on trade effluent charges and 
recycled 90% of treated effluent.  
 
Although there is a success in this technology for the management of trade effluent, short life span and 
cost of the membranes and still remains a challenge. 
 
Key words: Trade Effluent, Microfiltration, Nanofiltration, Ultrafiltration.  
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Paper ID: 3749723 
 
 
Spatial and temporal variability of prokaryotic communities in rapid sand filters used for 
drinking water treatment. 
 
S Voslooa, AJ Pintob, M Crousa, M Siguduc,  
H du Preezc SN Ventera 
a Department of Microbiology and Plant Pathology, University of Pretoria, Pretoria, South Africa 
b Department of Civil and Environmental Engineering, Northeastern University, Boston, USA 
c Scientific Services, Rand Water, Vereeniging, South Africa 

 
Central message 

Rapid sand filters (RSF) play an important role in enhancing the quality of drinking water, while also 
influencing the structure and composition of downstream microbial communities. Yet, little is known 
about the temporal variability and spatial heterogeneity of microbial communities on the filter beds 
themselves. This is particularly relevant, as changes in filter microbial community may have an impact 
on the microbial-mediated drinking water treatment during the filtration process. To address this 
knowledge gap, we assessed the extent of spatial and temporal variation in prokaryotic communities 
of RSF of a large-scale South African drinking water treatment plant (DWTP).  
 

Materials and Methods 

The extent of spatial and temporal variation in prokaryotic communities of RSF was studied over four 
months at a large-scale South African drinking water treatment plant (DWTP). RSF media samples 
were collected along the surface and depth within a single RSF, across parallel RSF’s within a 
particular purification station (PS) and RSF’s across different PS in the same DWTP. A total of 188 
filter media samples from 9 surface water-fed RSFs harbored within 3 PS of the DWTP were analysed 
through Illumina MiSeq sequencing of the V4 hypervariable region of the 16S rRNA gene. Sequence 
processing and data analysis were done using the MOTHUR software package and R.  
 

Results and Discussion 

A total of 5 708 prokaryotic operational taxonomic units (OTUs) were identified from the 16S rRNA 
amplicons obtained form the 188 filter media samples. Of these, only 55 OTUs were shared across the 
188 filter media samples and accounted for 97.14% of the total sequences. This high sequence 
abundance affiliated to a notable small fraction, that is 1% (n = 55 OTUs) of the total OTUs; 
suggesting that these OTUs encompass the core prokaryotic inhabitants of the RSF and contribute 
towards key microbial-mediated processes that aid in purification (Lautenschlager et al., 2014, Gülay 
et al., 2016). Most the core OTUs was affiliated to Proteobacteria (mean relative abundance (MRA) of 
85.12%), followed by Bacteroidetes (MRA=9.69%) and Actinobacteria (MRA=1.64%); all of which were 
previously reported as the most numerical abundant phyla in filter units (Pinto et al., 2012). Within 
Proteobacteria, Aeromonas and Acinetobacter were the two most dominant genera and accounted for 
33.09% and 31.06% of the total sequences, respectively. Although a core prokaryotic community 
dominated the RSFs, spatial (local, within filter; intra, within PS and inter between PS) and temporal 
variation in the prokaryotic community membership and structure were observed. The observed 
variation found for community membership were attributed to the vast majority of rare abundant OTUs, 
while the structural variation was due to change in the abundances of the dominant core OTUs. 
Previous studies have reported that, in particular, the rare abundant OTUs are responsible for the 
observed heterogeneity of the RSF prokaryotic communities (Gülay et al., 2016). Spatial and temporal 
variation in the community membership and structure suggest the occurrence of ecological 
succession, which is known as the change in the community membership and structure with space or 
time. Several factors play a role in the occurrence of ecological succession because these factors 
inflict variation in the RSF prokaryotic communities. These factors include chemical constitutes of the 
influent water, temperature pH and backwashing.  
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Contribution of the work/ study 

Even though, drinking water facilities have a number of procedures in place ensuring the purification of 
the drinking water and the maintenance thereof, there has been reported that the microbial 
concentration is still between 106-108 cells per liter. One of the reason why this micobrial concentration 
is maintained is the seeding of microorganisms from the sand filters during the treatment processes 
(Pinto et al 2012). This then raised the question whether rapid sand filters are homogeneous, and if so 
whether it is possible to collect a single sample being representative of the whole sand filter 
community? Our study showed that the prokaryotic community within RSF are in fact not 
homogeneous, due to the presence of rare OTUs. However, the prokaryotic community does come 
across to be homogeneous at first due to the dominant OTUs as this core community are the main 
drivers of the biological processes occuring in the RSF, hence masking the presence and possible 
impact of the rare OTUs. The results presented in this study can contribute to the development and 
implementation of predictive models increasing water quality as precaustion and early detertion of 
potential problem are improved.   
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Paper ID: 3808948 
 
Fitting microbial health risk assessments to urban wastewater reuse systems in low - and 
middle income countries. 
 
Samuel Fuhrimann, University of Cape Town, South Africa, samuel.fuhrimann@unibas.ch 
 
Central message (11 p Times new Roman) 
• What is the question that your paper is addressing?  
How can microbial risk assessment approaches for wastewater systems in low-income countries 
(LMICs) be adapted and linked to Sanitation Safety Planning. 
 
• Why is this work important?  
Along wastewater reuse systems in LMICs microbial contamination is consistently increasing over the 
past decades. People living and working along wastewater channel or using the recreational areas 
along the shores of lakes and rivers are therefore assumed to be at an elevated risk of gastrointestinal 
infections. Sanitation Safety Planning (SSP) linked to risk assessment approaches such as 
quantitative microbial risk assessment (QMRA) could be an opportunity to provide adequate risk and 
disease burden estimates to prioritize interventions. 
 
• Can you explain for a non-expert what the work is all about?  
Microbial contamination (e.g. bacteria or viruses) of water in urban areas is increasing and can cause 
for example diarrhoea diseases. Hence, we try to objectively estimate the health risks due to exposure 
to wastewater and come up with context specific control measures in resource poor settings.  
 
• Describe for your friend - that is not an expert in the field - what you are doing.  
We provide an approach which is able to characterise the health burden for people accidentally in 
contact with contaminated water such as urban farmers, sanitation workers and community members 
at risk of flooding events.  
 
Materials and Methods or Description of Intervention (11 p Times New Roman) 
We showcase with two studies in Kampala, Uganda (low income country) and Hanoi, Vietnam (middle-
income country) how major wastewater reuse systems in LMICs could be characterised [1,2]. 
According to this system description, exposure groups can be pointed out and their health risks and 
disease burden due to water contamination with bacteria, viruses, helminth and intestinal protozoa 
estimated.  
 
Results and Discussion (11 pt Times New Roman) 
The findings suggest that the exposure to wastewater has considerable public health implications for 
children and adults living and working along the major wastewater reuse system in Kampala and 
Hanoi. Disease burden estimates are way above World Health Organization (WHO) reference levels 
and Global Burden of Disease (GDB) estimates. Hence, we point out management options to reduce 
health risks which is important to achieve the Sustainable Development Goal (SDG) 6.  
 
Contributions of the work (11 pt Times new Roman) 
• What was known before you started the work? 
WHO initiated the SSP manual in 2015 [3] to practical implement their WHO guidelines on wastewater, 
greywater and excreta reuse [4]. Risk assessment is a crucial part of these tools but methods are not 
yet adapted to low- and middle-income countries 
• The key points of your contributions 
We developed a quantitative risk assessment approach to implement along wastewater systems in 
low- and middle-income countries 
• Are the results what you expected, or are there any surprises? 
We point out benefits and limitation of the methodology and its use in resource poor contexts 
• Conclusions of your work so far 
we point out management options to reduce health risks important to achieve Sustainable 
Development Goal (SDG) 6. 
• What are the lessons learnt 
Contextual case study are needed to understand dynamics of major urban wastewater reuse systems 
and reduce health risks and impacts 
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• Unanswered questions 
Better data on water quality and the combination of combined risk assessments for microbial and 
chemical pollutants are needed 
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Paper ID: 3802118 
Understanding industrial effluent water quality: 
What is the norm and Why do we need to do better? 
G Harding*, J Chivavava**, A Lewis+ 
* University of Cape Town, Rondebosch, HRDGEN002@myuct.ac.za 
** University of Cape Town, Rondebosch, jemitias.chivavava@uct.ac.za 
+ University of Cape Town, Rondebosch, Alison.lewis@uct.ac.za 
 
Central Message 
South Africa is a water stressed country. In this context understanding water use and what water is 
considered waste becomes important. Previous research and workshops have identified gaps in 
understanding of effluent and brine generation in South Africa (Claassen & Masangane, 2015). 
Untreated effluents pose an environmental and social risk, and therefore treatment and remediation is 
required. The physical and chemical characteristics of brines are very important when designing 
treatment processes. Full effluent characterisation is especially critical as we aim for ideals of zero 
liquid discharge (ZLD). However, characterisation is often poorly reported (if at all) for effluents. 
In addition to the potential environmental and social risk posed, there is value in effluents! This value is 
in the form of recoverable water; salts and metals (inorganic components); energy (organic 
components); or reduced environmental hazards. 
 
Treatment is required to recover this value, while effluent characterisation is required to design 
treatment processes. This research aimed to determine the status quo of industrial effluent 
characterisation in South Africa, in terms of volume, location and composition. Effluents are 
characterised privately for company records, environmental permits and/or water use licenses. One of 
the research questions was: How accessible is effluent characterisation information? And, how can 
one access this information? 
 
Materials and Methods 
The first objective was to identify key industries in terms of effluent generation in South Africa. This 
was addressed by a literature review of existing databases. The second objective was to identify and 
access records with complete effluent characterisation information. This was a major component of 
this research. Part of the approach taken was building relationships and trust with private companies 
and governmental bodies. Relationships opened informal routes to request data. Formal, legal 
requests for effluent data were also made through the Promotion of Access to Information Act (PAIA) 
and the constitutional right to access information. 
 
The third objective was to characterise effluents. This was done at a number of resolutions, the first of 
which was through a literature review. The result here included volume information and qualitative 
characterisation. The second resolution was to synthesise new information from existing databases 
and published literature. This yielded characterisation in terms of location, and compositions in terms 
of key parameters to each industry. The third resolution was to access comprehensive effluent  
characterisation public data, achieved using PAIA applications. 
 
Results and Discussion 
A distribution of effluent generation by sector in South Africa is shown in Figure 1 and Figure 2. 
Previous WRC projects reported on volume of effluents. The pulp and paper industry (green) is the 
biggest contributor to effluent generation. Power generation (red), mining (orange), and petroleum 
(purple) industries are also major contributors. The food and beverage (brown) industry contributes 
greater than 5% in each case, however the food and beverage industry encompasses a number of 
smaller sub categories. Five major industries were identified and were the focus of remaining 
research; these were pulp and paper, aquaculture, power generation, mining, and petroleum. While 
the previous research showed contributions to effluent generation by industry, they lacked detailed 
composition information. 
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Figure 3 maps the location of effluent volumes, by water management areas (WMA), where 
darker shading relates to a greater volume of effluent in a particular WMA. The percentage 
along side each pie chart shows the contribution of that WMA to the total effluent. This 
corresponds to the shading and relative sizes of the pie charts. Major contributors to inland 
effluents are mining, power generation and petroleum industries. The pulp and paper 
industries discharge both inland and to a marine environment, while aquaculture is located in the 
Western Cape and almost exclusively discharge to a marine environment.The final result shows the 
challenges of accessing public and private data, and provides detailed effluent composition 
characterisations, from each of the major industries. The value of effluents are determined from 
compositions. 
 

 
 
These results feed into answering the research question of the status quo of effluent characterisation 
in South Africa. 
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Contributions of the work 
Volumes of effluent generated from South African industry have been studied in a number of sources 
prior to this research (including by van der Merwe et al. (2009), Cloete et al. (2010), and in the 
NATSURV series). The major contribution here is to build on this by introducing detailed composition 
characterisation. This composition information is critical to design treatment technologies, and 
especially treatment technologies toward ZLD. This research has revealed that composition 
information is often inadequate. 
 
Furthermore, effluent information is non-confidential and permits and water use licenses are publically 
or “automatically” available. In practice accessing this data is challenging. This work has highlighted 
barriers to accessing information, and requires resources, time, and money. In order to address the 
environmental threat posed by industrial effluents, there is a need to understand the status quo. 
Comprehensively characterising effluents is critical to recover value from industrial liquid waste. 
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Central message  

The main research question addressed by this paper is: What is the improvement if any, in the 
biological stability when membrane processes are employed i.e. reverse osmosis comparing 
to conventional water treatment? It is the interest for every water utility to provide the best 
quality to its consumers, moreover the final quality leaving the treatment plant should reach 
the consumer. On the other hand, water utilities are forced to comply with the strict -
regulations worldwide more especially in terms of microbial quality. Maintaining biological 
stability of treated water is currently achieved by two methods: i) maintaining disinfectant 
residual and ii) improving the treatment processes to remove nutrients that support bacterial 
growth.  Maintaining disinfectant residual is however associated with several disadvantages 
including  formation of carcinogenic by-products therefore this study is very important in 
helping countries which seek to improve on nutrient removal processes.  

Materials and Methods  

For the success of this study, samples were collected from the reverse osmosis (RO) pilot  plant 
installed at Oasen Kamerik drinking water treatment plant. The final water from the existing 
conventional water treatment (CWT) was also sampled for comparison in biological stability /bacterial 
regrowth. Both systems use same anaerobic ground water as influent, and the sequence of processes 
within each system are as follows: 
RO system - Four pressure vessels of 3 X 1m long membrane elements, Ion-exchange pressure 
vessel, Calcite dissolution reactor (with CO2 dosing) and steel tower aerator (coupled with MgCl2 
dosing).  
CWT system – Aeration, Rapid sand filtration, softener, Rapid sand filtration, Activated carbon and UV 
disinfection.  
 
The bacterial regrowth potential (BRP) method developed by Prest (2016) was used to assess the 
biological stability of CWT. This method is developed for water with sufficient nutrient and cannot be 
applied to low-nutrient water i.e. reverse osmosis permeate. However the method has showed some 
potential to be applied to low nutrient water when it was able to measure BRP in water with assimilable 
organic carbon concentration of 5 µg/L. Based on the preliminary studies done under the PhD study of 
Mr. Mohaned Sousi at UNESCO-IHE and part of this study, The BRP was adjusted before attempting 
to apply it for samples collected in RO pilot plant. The final effluent from RO and CWT were therefore 
compared bacterial stability/potential for regrowth and bacterial reduction level.  
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Results and Discussion  

 
Figure 7: Comparison of initial bacterial counts (Intact and total) in final effluent from site-remineralized 
RO (SR-RO) permeate and conventionally treated water (CTW). Average values are presented and 
error bars represent standard deviation.  
 
The reduction in bacterial cell counts in the final effluent varied significantly as presented in Figure 1 
above. The calculated reduction factor when RO system is used over CWT is in the range 3-10. 
Moreover, the bacterial regrowth (maximum and net growth) were of more interest as they relate well 
to biological stability. The results of regrowth are summarised in Table 1 below.  
Table 1: Comparison of maximum and net bacterial growth (Intact) in final effluent from site-
remineralized RO (SR-RO) permeate and conventionally treated water (CTW).  
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9 

 
As highlighted already in the title of this study, it was hypothesized that there will be an improvement in 
biological stability when RO systems are employed than CWT. The type of particles removal in reverse 
RO i.e. adsorption and sequestration makes it to results in this high performance. Not only the type of 
removal mechanism but also the pore size of RO is in most cases less 0.001 µm which is very small 
compared to size of bacteria in the range 0.1 to 10 µm. On the other hand, CWT has only UV 
disinfection to deal with bacteria. Practically UV does not remove bacterial cells from the water, 
instead it inactivates them. Flow cytometry was used as bacterial enumeration technique in this study. 
Throughout the literature it has been reported as having the ability to count live (intact) and dead cells. 
However the ability to determine the viability of bacteria is highlighted as the main disadvantage of this 
instrument (Van Nevel, et al., 2017). As a results, it might be a challenge in quantifying the bacteria 
inactivated by UV disinfection.  
In summary, the bacterial regrowth is higher in CWT water than RO effluent. The range of bacterial 
counts in effluent are from 50,000 to 200,000 cells/mL and 500,000 to 800,000 cells/mL for site-
remineralized RO permeate and CWT respectively. This was expected because the initial nutrient 
content varied. Moreover, both maximum and net bacterial regrowth was also high in the case of 
CWT. This indicates that conventional water treatment is biologically unstable as compared to 
remineralized RO system. The shortfalls of CWT in removing some nutrients has been reported 
before, for example Park, et al. (2016) reported assimilable organic carbon removal of 67%  CWT and 
Lou, et al. (2014) pointed out that CWT cannot remove assimilable organic carbon to values less than 
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62 µg/L. Therefore all these issues can add to the reasons for high bacterial counts and regrowth in 
conventionally treated water.  

Contributions of the work 

Based on the reported high removal efficiency of many parameters using membranes in both 
sea/brackish water desalination and the incomplete removal of some parameters during conventional 
water treatment, it was already hypothesized in the beginning of the study that there will be an 
improvement in biological stability when RO is used.  The findings in this research indicate that indeed 
RO produces biologically stable water than CWT, however this depends on the adjustment made in 
trying to develop the bacterial regrowth potential method for low-nutrient water. The adjustment made 
in this study was the addition of 10,000 total cells/mL (effluent from CWT) to all final effluent samples 
from RO based system as inoculum to make sure growth is initiated. This performance by RO system, 
has been seen in some preliminary studies done at UNESCO-IHE, however the growth in samples 
collected from RO systems were limited by the absence of bacteria to initiate the growth. Thus the 
findings of this research was not a surprise and it can be concluded that RO system installed in 
Kamerik water treatment plant produces biologically stable water as compared to existing conventional 
water treatment scheme used. This study will definitely help water utilities who seek to improve on 
their water treatment systems, especially those who want to which to membrane process i.e. Oasen in 
order to improve the finished water in making the final decisions. Some of the lesson learned 
throughout the study is that, reverse osmosis is highly sensitive to any nutrient contamination, for this 
reason a nutrient free environment should be ensured at all times of running the bacterial regrowth 
potential test, except for nutrients in the sample already. Although the flow cytometry is able to count 
the bacteria in remineralized reverse osmosis permeate, the standard deviation (between three 
values) obtained was very high and is still remain a challenge to trace the contributions to this 
situation. However it is suspected to be due to the disadvantages associated with the flow cytometry.  
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Central Message 
This study was carried out to evaluate a recently built decentralized wastewater treatment system 
(DEWATS) on an urban settlement in Durban, South Africa. We wanted to investigate which 
micropollutants, that is pharmaceuticals and personal care products, are present in the wastewater, 
how well they are removed by the treatment system, and if it is safe to reuse the treated effluent for 
irrigation of an attached banana plantation. 
 
The results of this study will be used to optimize the current wastewater treatment at  the DEWATS 
facility. The improved system can then be applied to other settlements in Durban and throughout 
Africa, offering rapidly growing municipalities a simple, low-cost on-site treatment of their wastewater. 
 
Materials and Methods 
Wastewater samples were collected from the DEWATS facility in Durban, South Africa: The collection 
was carried out at two locations (incoming and treated wastewater) at two time points (morning and 
evening) on three consecutive days. For their analysis, a method using liquid chromatography coupled 
to mass spectrometry (LCMS/ MS) was developed. This method included 90 micropollutants, such as 
pharmaceuticals, antibiotics, antiretroviral drugs, and personal care products, which are relevant 
pollutants in South Africa. The extraction of these targeted compounds from wastewater was done 
using online solid phase extraction. After storage at -20 °C, samples were thawed, filtered and directly 
analyzed. 
 
Results and Discussion 
In total 29 micropollutants were found in one or more samples (26 in all samples, respectively) as 
shown in Table 1 in the appendix. The pollutants include 5 antibiotics, 8 antiretroviral drugs, 2 
herbicides, 1 pesticide, 12 generic pharmaceuticals, and 1 steroid hormone. 
 
Average levels ranged from 5 ng/L to 28 μg/L in incoming wastewater and from 2 ng/L to 14 μg/L in 
treated effluent. Highest levels were found for the pain reliever paracetamol (28 μg/L) and the 
antiretroviral drug lamivudine (14 μg/L). Present at high levels in both incoming wastewater and 
treated effluent were also the antibiotic sulfamethoxazole (2 μg/L and 0.5 μg/L), and the antiretroviral 
drugs darunavir (3 μg/L and 2 μg/L) and lopinavir (1 μg/L and 1 μg/L), respectively. 
 
The removal efficiency was assessed by comparing incoming and treated effluent levels. For 4 
pollutants was the removal efficiency above 60%. The remaining 25 pollutants showed low removal or 
enrichment. Micropollutants are compounds of emerging concern, They have recently been shown to 
adversely affect the health of exposed organisms (Jordan et al. 2012). These effects include 
estrogenicity, mutagenicity and genotoxicity.  
 
Another problem is the risk for the development of antimicrobial resistance that can be caused by 
antibiotics.Similar to the antibiotic resistance, also resistance of viruses caused by antiretroviral drugs 
can occur. The presenceof these compounds is therefore to be seen critically. Since micropollutants 
are known to accumulate in soil and can be taken up by plants (Herklotz et al. 2010), especially their 
occurrence in wastewater intended for irrigation is critical. 
 
These results show that the addressed micropollutants are not efficiently removed by the current 
DEWATS treatment. Especially the present antibiotics and antiretroviral drugs indicate a possible risk 
with reusing the treated effluent for irrigation. 
 
Contributions of the work 
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Micropollutants are known to not be sufficiently removed by conventional wastewater treatment and 
therefor to be present in the aquatic environment at levels from a few ng/L to several μg/L. They are 
increasingly raising concern because of their potentially adverse effects on exposed organisms. 
There are only very few publications about the removal of micropollutants by small-scale decentralized 
treatment plants, while this is the first study dealing with both the occurrence and removal of these 
pollutants in a smallscale on-site treatment plant in the urban environment of South Africa. These 
results contribute to the knowledge of relevant micropollutants in South Africa and can in this specific 
case be used for the optimization of the treatment process of the investigated DEWATS facility. 
As there was no data about the presence of micropollutants available for the urban region of Durban, 
South Africa, it was hard to predict which ones would be present. The WHO national list of essential 
medicines points out relevant pharmaceuticals for South Africa. However, for other types of 
micropollutants than pharmaceuticals there is no such information available. Antibiotics are in general 
widely used in Africa, which is why they were expected to be found in the wastewater. Because of the 
high HIV/AIDS prevalence in South Africa the presence of antiretroviral drugs was also expected. The 
occurring levels are in general higher than the ones found in central treatment plants. This was 
expected because with the on-site treatment less dilution with water can occur. 
 
In conclusion, the DEWATS treatment, like conventional ones, does not target the removal of 
micropollutants and should thus be improved in order to make the reuse of wastewater safe. 
This study provides insight in the presence of relevant micropollutants in the urban environment of 
Durban, South Africa. 
 
However, although the list of 90 investigated micropollutants was extensive, this was only a screening 
of selected compounds that are compatible with the applied analytical technique. To get an even 
broader picture of present micropollutants, a global screening could be done and other techniques 
could be used as well. The issue of increasing the removal rates needs to be addressed as well as 
investigating the plant uptake of the detected micropollutants. 
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The present study, removal of chromium ions feasibilities and adsorption mechanisms of 
cryptocrystalline magnesite were evaluated. All the experiments were done by batch procedures. 
Optimised conditions included: effect of equilibration time, adsorption dosage, adsorbate concentration 
and the pH. The experiments demonstrated that > 99% is optimised at 30 minutes of agitation, 2g of 
adsorbent dosage, concentration of adsorbate dosage (2.8298g: 1000mL S/L ratio) 25 °C ambient 
temperature and 100mgL-1 of chromium concentration. Adsorption of magnesite was observed to be 
independent of pH and time. Adsorption kinetics fitted better to a pseudo-second order than a pseudo-
first order thus confirming chemisorption. Adsorption data fitted better to a Langmuir than a Freundlich 
adsorption isotherm thus confirming monolayer adsorption. Langmuir isotherms were used to model the 
adsorption equilibrium data. This comparative study showed better adsorption of magnesite as 
compared to conventional methods of chromium ions removal from effluent. All the above results 
demonstrated that cryptocrystalline magnesite could be used as a possible alternative low cost 
adsorbent for the removal of chromium ions from effluent. 
 
Keywords: cryptocrystalline magnesite, chromium ions, adsorption, modelling, treatment.  
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Central Message 

Hinulugang Taktak waterfalls is a popular tourist attraction famous for its refreshing and idyllic 
waterfalls. It was considered as one of the most remarkable landscapes known in the Philippines 
within the province of Rizal that showcases its natural and cultural heritage.  
 
In the past decades, urbanization has been greatly observed within Antipolo City drastically increasing 
its population (PSA, 2015) since 1990. Human intrusion in areas near bodies of water have shown 
adverse effect to the Hinulugang Taktak water stream. Due to lack of sewer collection in the area 
(GHD, 2016), wastewater coming from households discharges to public drainages and goes directly to 
creeks. Since these creeks are connected to Hinulugang Taktak falls, quality of water deteriorated that 
eventually caused regression of tourism in the area. Moreover, one of the major concerns of the local 
government of Antipolo is the lack of appropriate measures in providing wastewater treatment within 
the catchment area.  
 
In support with the government advocacies and implementing rules and regulations to protect 
Hinulugang Taktak falls, a study was developed to provide a wastewater master plan that aims to help 
the local government of Antipolo in rehabilitating and reinstating previous condition of the waterfalls. 

Methodology 

The study aims to develop a master plan to cater the need of sustaining the beauty of Hinulugang 
Taktak waterfalls. A wastewater master plan was created to include new sewer systems and a new 
sizable wastewater treatment facilities. 
 
Initial literature review was conducted to gather information on the historical development of the city. 
Site investigation was also conducted to assess the possible network alignment in coordination with 
the local government of Antipolo city. Water quality data was also collected to identify the possible 
process technology as required by the Department of Environment and Natural Resources. Additional 
information was also gathered including land availability, drainage plans and flood study. Data was 
centralized and analyzed using simple statistical techniques, and a computer-aided sewer model was 
developed to identify the most plausible strategy for the network. 

Results and Discussion  

Based from the results of data analysis and hydraulic simulation, a wastewater treatment plant of 20 
MLD capacity was to be constructed within the location provided by the local government of Antipolo. 
The plant was also designed with an appropriate technology to comply with the new effluent standards 
as required by Department of Environment and Natural Resources. Sampling results were also 
reviewed to identify the quality of the receiving water body the treatment plant will be discharging its 
treated water. Results of hydraulic model and simulation became the basis for the sizing and costing 
of the pipelines to be laid in the area. An approximately 12 kilometers of network (gravity and pressure 
mains) is to be laid as the result of hydraulic simulation made for the area. 
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Contributions of the work  

With the new developed masterplan for Hinulugang Taktak catchment, sewage coming out of the 
influence area will be collected and diverted to the new Sewage Treatment Plant. Options on the 
network alignment are already available, and would require proper coordination with the local 
government on its implementation. The project will provide sewerage services to approximately 
150,000 population of the City of Antipolo. With wastewater discharge greatly reduced, the water 
stream will have improved water quality and would be able to regenerate itself faster. With a better 
water quality, reduction on the negative impact will be achieved in the long term. The park will again 
be a proud landmark of the city, with influx of tourist progressively growing with time. Part of the 
master plan is the collaboration with local government units with regards to solid waste management, 
implementation of local ordinances, and clean-up programs. 
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Determining the effectiveness of an Expanded Granular Sludge Bed (EGSB) reactor in the 
treatment of poultry slaughterhouse wastewater. 

Y Williams*, M Basitere*, S.K.O. Ntwampe** 

* Department of Chemical Engineering, Faculty of Engineering, Cape Peninsula University of 
Technology, Cape Town, South Africa, Email: yasheemah@gmail.com 
* Department of Chemical Engineering, Faculty of Engineering, Cape Peninsula University of 
Technology, Cape Town South Africa, Email: Basiterm@cput.ac.za  
** Bioresource Engineering Research group (BioERG), Department of Biotechnology, Cape Peninsula 
University of Technology, Cape Town, South Africa, Email: NtwampeS@cput.ac.za  

Central message 

The poultry slaughterhouse industry is one of the largest producers of wastewater due to cleaning, 
slaughtering and packaging of their products. This poultry wastewater generated, contains high 
concentrations of organic matter, suspended solids, nitrogen and phosphorous, which are either in 
particulate or dissolved form (Del Nerby et al., 2008). Due to these contaminants the wastewater does 
not meet the South African (SA) industrial discharge standards. This means that it has the potential to 
contaminate other receiving water sources. As such the development of a suitable wastewater 
treatment facility needs to be designed. This experiment was focused on using an Expanded Granular 
Sludge Bed (EGSB) reactor as a suitable treatment designed to treat poultry slaughterhouse 
wastewater (PSW). The study was focused on the most effective, optimal and efficient design 
parameters to achieve best results for treating the wastewater. 

Materials and Methods 

A lab scale glass EGSB anaerobic reactor was used for the study. The rector had and inner diameter 
of 0,065 m, a height of 0,872 m and a working volume of 2,33 L respectively. Marbles of 0,55m were 
placed at the bottom of the reactor for packing reasons and for design imperfections. Anaerobic sludge 
granules was collected from an up flow anaerobic sludge bed (UASB) reactor at an industrial local 
plant brewery (SABMiller Plc, Newlands Brewery, South Africa). The PSW was collected from a 
slaughterhouse located situated in the Western Cape, South Africa. The EGSB was fed with influent at 
the bottom of the reactor with a Gilson (Germany) multi head peristaltic pump and the effluent was 
produced and drawn from the top of the reactor with the same pump. However the effluent stream was 
split into two streams namely the effluent and the recycle. The recycle stream was connected to the 
feed/influent stream to introduce mixing into the reactor. Also at the top of the reactor, biogas 
produced was collected in 0,50 L Tedlar bags and analysed to determine the composition of gas 
produced. The reactor was operated at mesophilic temperature (35 °C to 37 °C), by which the 
temperature was regulated by a water jacket designed on the reactor connected to a thermostatic 
water bath. Three different liquid up-flow velocities were researched to determine which one was most 
effective. The three up-flow velocities were 1,1m/hr, 2,5 m/hr and 3,0 m/hr respectively. Three different 
hydraulic retention time (HRTs) were also investigated, 60hr, 80 hr and 40 hr respectively within the 4 
months. The reactor was fed with three different concentrations of wastewater to prevent shock 
loading. The three different concentrations were 50% dilution of poultry wastewater then 70% and the 
last was 100% poultry wastewater. The following parameters was analysed in duplicates; i.e. pH, 
temperature, conductivity, total chemical oxygen demand (COD), total dissolved solids (TDS), total 
suspended solids (TSS), turbidity, volatile suspended solids, ammonia, phosphates, soluble chemical 
oxygen demand (sCOD) , fats oils and grease (FOG) and nitrates. These parameters was tested on 
each stream of the reactor, the effluent and influent. The figure below is a schematic diagram of the 
reactor setup and configuration. 

http://www.iwaywpconference.org/
mailto:IWAYWPconference@iwahq.org


BUILDING LEADERS & MAKING IMPACT 
w ebsite: w w w .iw ayw pconference.org | email: IWAYWPconference@iw ahq.org 

P
a
g

e
8

2
 

Recycle

effluent

influent

Biogas outlet

Feed Tank

Effluent 

Tank

Tedlar 

Bag

Hot water inlet

Hot water outlet

Gas 

Bubbles

Sludge 

granules

Marbles

 
Figure 8. Setup/configuration of the Expanded Granular Sludge Bed (EGSB) reactor 

Results and Discussion  

Performance of the EGSB 
Referring to figure 2 it is observed that the EGSB was operated at 3 different HRTs, Up-flow velocities 
and dilution rates. Three different HRTs were 80 hrs, 60 hrs and 40 hrs respectively. As well as up-
flow velocities of 1 m/hr, 2,5 m/hr and 3 m/hr. During start up period, 50 % (v/v) dilution of the PSW 
was used which lasted for 35 days. Within this period the COD removal percentage was observed to 
be at a low percentage of 50% and less. However with a further reduction in the dilution of PSW i.e 
30% (v/v) it was observed that at an HRT of 60 hrs and an up-flow velocity of 2.5 m/hr that the COD 
removal efficiency was increasing to a range of 50%-72%. This period lasted for 20 days. Furthermore 
with an influent of 0% dilution (100% PSW), the COD removal efficiency increased from 70% -80% 
efficiency. At this stage the reactor was run at two different HRTs, 60 hrs and 40 hrs respectively. At 
60 hrs the removal efficiency was at a constant rate of 70 %- 75% and was stabilizing with regard to 
the COD removal not changing. With regard to the observed results it was decided to lower the HRT to 
40hrs. At 40 hrs and an up-flow velocity of 3m/hr the COD removal efficiency then gradually increased 
to 80%. The few low results of COD removal are due to the feed being low on those days and all the 
organics which settled in the tank were fed into the reactor which resulted in high COD effluent 
concentrations. In conclusion the overall efficiency of the designed EGSB was 80% COD removal at 
an HRT of 40hr and up-flow velocity of 3m/hr. Also the effluent COD concentrations meets the SA 
discharge standard, and all the characteristics of the treated effluent are within the standards. 
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Figure 9. COD removal efficiency of the EGSB 

Contributions of the work 

The COD composition of the poultry slaughterhouse waste water was found to be 5000 mg/L and 
more based on previous studies. Which is not acceptable for the SA discharge standards of not 
exceeding 5000 mg/L. Majority of the slaughterhouse wastewater characteristics was not meeting the 
discharge standards. Finding and determining the most effective and optimal HRT, OLR as well as up-
flow velocity to achieve best results in treating the poultry slaughterhouse wastewater was the key 
points of the study. A lower HRT and OLR as well as higher up-flow velocity achieves the best results 
in terms of the parameters tested but most importantly the COD percentage removal within the treated 
wastewater. The results were as expected however the higher the OLR the lower the HRT, which 
means that the system took longer to stabalise in terms of COD results. Also the higher the HRT the 
higher the nitrate results within the treated effluent which indicates ammonia breaking down and 
forming nitrification. It was found that 50% poultry wastewater achieved good results in terms of 
parameters measured but the COD removal remain constant at 50%. A higher HRT caused the COD 
removal as well as parameters such as turbidity, conductivity, TDS to increase instead of decreasing. 
At 100% poultry wastewater being fed the higher the HRT, the poor the results are. However at a HRT 
of 40 hrs and an up-flow velocity of 3 m/hr achieved an astonishing 80% total COD removal. Biogas 
was also produced but very slowly with three bags being collected within the four months of operation. 
However the design of the reactor needs more attention as to the jacket not covering the main part of 
the reactor namely the bottom where the effluent entered. What is recommended is the design be 
improved as well as an in-depth study on the biogas produced and the composition of the biogas 
produced within the reactor. The poor production of gas (methogenic activity) could be due to the poor 
reactor design or the sludge washout (Basitere et al., 2016). 
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TMT 9 – 
The Use Of Small-scale Constructed Wetlands To Treat Greywater In Residential Households 
For Use In Activities That Require Non-potable Water 
Samantha STelli 
 
Central Message: 
 
The aim of this research is to test the effectiveness of two (2) small-scale constructed wetlands on the 
treatment of residential household grey water of different sources and volumes. Objective 1: To 
analyse the effectiveness of constructed wetlands on treating kitchen greywater by comparing water 
quality before and after treatment. Objective 2: To analyse the effectiveness of constructed wetlands 
on treating bathroom (showers and basins) greywater by comparing water quality before and after 
treatment. Objective 3: To comprehensively analyse the untreated as well as treated greywater for 
parameters such as pH, Faecal Coliform Bacteria, Total Dissolved Solids, Total Suspended Solids, 
Biological Oxygen Demand, Chemical Oxygen Demand, Nitrate, Total Nitrogen, Total Phosphorous, 
Electrical Conductivity, Sodium Adsorption Rate (SAR), Boron, and other metals . Objective 4: To 
analyse the soil from the constructed wetlands focussing on various parameters such as sodium 
content, organic matter content, electrical conductivity and metals. Objective 5: To analyse the plant 
material from the constructed wetlands focussing on various parameters such as metals and minerals 
including nitrogen, phosphorous, sodium, chlorine, potassium, cadmium, and lead.Objective 6: To 
develop a manual for the assembly of small-scale constructed wetlands that can be set up easily and 
economically by residential home owners for the treatment of greywater to standards suitable for use 
in irrigating the garden and for other activities that require non-potable water.  
 
Methods and Materials:  
Two (2) constructed wetlands (CW) will be designed and implemented on site at Rand Water 
Environmental Management Services Nursery. It is anticipated that the CWs will be designed as 
surface flow wetlands/free water surface systems. The wetlands will be placed adjacent to one another 
and will be constructed as similarly as possible to reduce variation in the effectiveness of the 
systems. One (1) system will be fed with greywater from the kitchen on site, in volumes similar to 
those produced by an average South African family living in Gauteng. The second system will be fed 
with greywater from the bathroom basins and showers on site, again in volumes that depict those 
produced by average South African households in Gauteng. The design and implementation of the 
constructed wetlands will be done via an external supplier and will be procured through Rand Water's 
Research budget. Pipes and storage tanks will be put in place in the event that greywater needs to be 
stored before being sent through the systems (remembering that greywater cannot be stored for 
longer than 24 hours). The greywater will be sent for analysis before being passed through the system 
for various physio-chemical constituents as listed in the objectives and the justification. Once the water 
has passed through the system, it will once again be sent for analysis for the same constituents to test 
for the effectiveness of the treatment. Analyses will be done at Rand Water's Scientific Services in-
house laboratory. It is proposed that soil samples, as well as vegetation samples be taken and tested 
for various pollutants, toxins, and heavy metals. These results will indicate whether the aquatic plants 
can be harvested and used for compost, and whether the soil contains potentially harmful 
toxins. Statistical analysis will be done using paired student t-tests to compare between the results of 
treating greywater of different sources, as well as water quality before and after treatment .Once the 
design and effectiveness of the system is verified, a manual will be drawn up that will be accessible to 
the general public. The manual will also be designed to guide homeowners through the process of 
purchasing the equipment required for the system, as well as how to construct and use it for treatment 
of greywater. It will describe the volume and source of greywater suitable to go through the system, as 
well as do's and don'ts when using the system, and general maintenance.  
 
 
Expected Results ; It is expected that simple, DIY constructed wetlands will treat greywater from 
different sources to a quality standard suitable for use of that water in garden irrigation, as well as for 
other activities that require non-potable uses. &#61485; It is also expected that the design of these 
wetlands will be cost-effective, easy to construct and accessible to the average homeowner. &#61485; 
The difference in water quality before and after treatment is expected to be significantly 
different. &#61485; The soil and plant material will accumulate possible contaminants removed from 
the greywater. South Africa (SA) has been classified as a semi-arid country and receives an annual 
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mean rainfall of approximately 450 mm (Schulze, 1997). The country also has great spatial and 
temporal variability in the amount of rainfall received annually, as well as high rates of 
evapotranspiration (Bakare et al., in press). South Africa has been classified as water scarce, which 
means the country's water supplies have fallen below 1 000 m3 available potable water per person per 
year (UN, 2012). This has placed great pressure on the country's freshwater resources (Bakare et al., 
in press), as well as the natural systems' ability to provide the quantity and quality of water required as 
a result of overpopulation, urbanization, and industrialization (Carden et al., 2007b). Recently, SA has 
been exposed to the effects of one of the country's worst droughts in history (Botai et al., 2016). This 
has led to the implementation of stringent water restrictions in municipalities across the country (Botai 
et al., 2016). The general public have been encouraged to implement water-saving behaviours and 
drastically reduce their water consumption (Petterson, 2016). One of the human behaviours that have 
been discouraged is the watering of gardens using potable water. In light of SA's recent drought, the 
reuse of greywater has gained importance and relevance (Bakare et al., in press). The use of 
greywater can relieve pressure on SA's dwindling freshwater supplies (Rodda et al., 2010), especially 
in the face of current water restrictions as implemented in municipalities such as the City of 
Johannesburg ("Water restrictions for..." 2016). There are currently no official health guidelines or 
regulations on the use and disposal of greywater in SA however, there are general guidelines 
available to ensure human health and environmental protection (Table 2) (Carden et al., 20067b). In 
addition, studies have shown that there can be some resistance to the use of greywater, specifically 
based on its appearance, smell, perceived poor quality, and the effect on food crops and vegetables 
(Carden et al., 2007a). Rodda et al. (2010) suggest that the legal status of greywater for use for 
irrigation needs must be clarified and users need to be provided with guidance before greywater use 
can be promoted. This may also encourage the general public to embrace the treatment and use of 
greywater. It is anticipated that this research will further highlight the efficacy of constructed wetlands 
in the treatment of domestic greywater to a standard suitable for use in the garden and for other non-
potable water uses. The research will aim to integrate existing South African guidelines, specifically 
those developed by the Water Research Commission (WRC), Project K5/2592 for the use and 
disposal of greywater with the water needs and behaviours specific to South African households 
(WRC, 2016). Extensive market research already conducted by Water Wise, Rand Water's 
environmental brand, has shown that the general public would prefer to know more about greywater 
use in a household setting and need to feel empowered to make a difference to the water situation in 
SA. This research should fulfil both those needs. It is envisioned that this research will provide a cost-
effective, sustainable, and aesthetically-pleasing greywater treatment system that the average 
homeowner will be able to implement and maintain themselves in a cost-effective manner. A manual 
will be developed that can then be distributed to the general public, detailing the materials and 
methods required to implement the system. This may be done in conjunction in training offered by 
Water Wise at various home and décor events and shows. The manual will also detail the types of 
wastewater that can be processed through the system, maintenance requirements, the approximate 
water quality of the wastewater after treatment (dependant on the quality of the untreated wastewater 
put through the system), and where that water can be utilized. This will be done by testing the 
characteristics of various volumes and sources of greywater i.e. bathroom vs. kitchen greywater during 
the research study, to provide a complete and comprehensive understanding of the effectiveness of 
the system. *Please note that this is a project proposal. The research will be conducted during the 
year and the results will be presented at the YWP conference in December 2017. If this proposal is, 
under unforeseen circumstances, rejected by the institution it is being conducted through, this 
submission will be retracted. 
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Paper ID: TMTS1 
 
Catchment Management Guidelines and Training L.K. Lodenkemper* and S.G. Braid** * 
  
Aurecon, Cape Town, louise.lodenkemper@aurecongroup.com ** Waterlore, Cape Town, 
waterlore.za@gmail.com  
 
Taking ownership of your catchment A catchment is made up of foundations of land/soil, water, natural 
resources and people. Each of these resource are deeply connected and interlinked, with a change in 
one resulting in a change to another. This can be seen in the case of water resource management 
where in order to improve the state of water resources, land resources need to improve. Improving 
land resources means improving land use activities, improving land use activities means changing our 
behaviour. Changing our behaviour means taking ownership of the land, and understanding how our 
decisions have an impact at a catchment scale. 
 
 The aim of this project is to contextualise the household within the catchment, and build the 
relationship between household, the village, the community and the broader catchment. 
Contextualizing households within a catchment allows communities to take ownership of catchment 
management and natural resource management activities.  
 
A “how to” handbook The primary objective is to compile a single source reference document aimed at 
resource-poor farmers and rural villages, covering Green Village activities and village-scale catchment 
management and natural resources management. Ultimately this will be a "how to" handbook in 
understanding, managing and rehabilitating the local environment; a document that covers the basics 
of conservation agriculture, wise use, green energy, land restoration, and rehabilitation that villagers 
can pick up and use without expensive consultants to support it or outside intervention. This will be 
developed for use in a community context, where the ‘catchment' is both the village and its surrounds 
of concern. Overview of the Catchment Management Guidelines The Catchment Management 
Guidelines comprise two volumes which complement one another. Part I, the procedure guidelines, is 
intended as a desktop study, whilst Part II is basically a field manual or technical toolbox. Each is self-
standing, with introductory sections and an explanation of the overall catchment management process. 
The procedural guidelines outline the concept and principles of catchment management as well as 
detailing significant procedural challenges such as land tenure and legislation. Part I also outlines the 
important processes involved in public participation, in a catchment management context, as well as 
steps in terms of how to start the catchment management process. Part II, the technical toolbox, 
provides a simple overview of how to use the guidelines in terms of identifying the issue and your 
capacity to implement an activity. The technical guides are divided into: sustainable land management 
(A), soil fertility management (B), water efficiency and management (C), natural resource management 
(D), sustainable households (E) and disaster preparedness (F). Part III provides annexures detailing 
participatory approaches; a streamlined environmental authorisation process; establishing a green 
committee; compiling a budget; and monitoring and evaluation.  
 
Current strategies in South Africa and where the Guidelines fit in Natural resource management and 
catchment management strategies in South Africa can be grouped into three broad themes i.e. Policy, 
Management and Guidelines. In terms of Management this can be further separated into Community, 
Land, Biodiversity based, Climate change adaption and preparedness and Integrated management. 
Policy acts as the overarching framework, which informs management strategies, with guidelines 
acting from the opposite spectrum by being informed by management strategies. Although at the 
higher level the particular management strategy is noticeable, at the grassroots level the distinction is 
harder to make due to the inherent overlap in many projects.  
In terms of lessons learnt in South Africa it is apparent that there is a lack of ownership of natural 
resource management, with many overlaps in different government departments. Actual “on the 
ground” projects are usually implemented through research branches of national departments, with the 
success of a project usually depending on the level of community participation and external partners 
included. Whilst policy may inform management, it is the innovative solutions and community relations 
which sustain and make a project a success. In terms of guidelines and tools available, these are 
scattered across different sectors and are mainly directed at implementers. There are far fewer “how 
to” guidelines, which individuals with limited education can understand and implement themselves. 
Guidelines which have been useful are well formulated and simple, with a significant emphasis on 
shared stories and illustrations. This project does not intend to “re-invent the wheel”, but rather ensure 
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that there is a suitable reference point for both implementers and individuals to take ownership of their 
catchment. 
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TMTS2 
Laura Underhill 
 
Urban wetlands are being overwhelmed by stormwater quality: the case of Princess Vlei, Cape 
Town  

Underhill, L.G *, Winter, K** *UCT Masters student, lauraunderhill1@gmail.com **Supervisor, 
Kevin.winter@uct.ac.za  

Central message  

Urban development is one of the leading causes of deteriorating water quality in surface waters as 

well as wetland biodiversity (Patenaude et al. 2015). Streams receiving urban storm water runoff are 
often characterised by elevated loadings of pollutants (Wenger et al. 2009). In theory wetlands are 

capable of treating these pollutants and improving water quality through various ecosystem services, 
but understanding the performance of wetlands under varying conditions is difficult to determine (ibid). 

This study investigates the capacity of a relatively small wetland system within an urban context using 
water quality as an indicator of performance. Research seeks to understand how wetlands, as 

biological treatment systems are able to process, treat and polish urban runoff taking into account 
seasonal rainfall.  

Materials and methods  

The study was conducted in Princess Vlei wetland, a small, freshwater wetland located in the suburb 

of Grassy Park in Cape Town (Neumann, 2011). Multiple water quality parameters were either 
collected or sourced to establish the degree of ecosystem services or lack of, occurring within the 

wetland. Empirical data was collected at five sampling sites between September 2016 and January 
2017. Samples were analysed for a number of the stated parameters; pH, dissolved oxygen (DO), 

electrical conductivity (EC), total suspended solids (TSS), total phosphorus (TP), ammonia-nitrogen, 
orthophosphates and nitrates/nitrites. Rainfall data for the years 2009-2015 was sourced from a 

resident located in the same catchment as the study site but closer to the Cape Peninsula. Secondary 
data provided by the City of Cape Town for the period 2007 to 2015 included historical measurements 

for eight water quality parameters.  

Results and discussions  

Descriptive, repeated measure plots were produced for eight water quality parameters for the years 

2009-2015. Mean total rainfall was represented seasonally and depicted a fluctuating trend peeking in 
winter with an average of 127mm over June, July and August and decreasing in summer with an 

average of 9mm over December, January and February as expected. Individual multiple regressions 
were performed between COD, EC, DO, TP and TSS concentration as the response variables and 

site, month, total rainfall and time as the predictor variables. The models also included an interaction 
effect between site and month as well as sine and cosine pair of terms to fit the periodic structure of 

the data with a period T=12. 

 Chemical oxygen demand The regression model was significant (F (7,156) = 39.63, P< 0.05, 
where increased rainfall is associated with decreased COD concentrations and progression of 

time is associated with increased COD concentrations. 

 Electrical conductivity - The regression model was significant (F (7,158) = 40.08, P<0.001) 

with R2 = .64 (adjusted R2 = .62). Total rainfall was a significant predictor of EC 
concentrations at a threshold P<0.001, where increased rainfall is associated with decreased 

EC levels. 

 Dissolved Oxygen There were no significant difference in the regression model (F (7,158) = 

1.78, P>0.05) with R2 = .73 (adjusted R2.032). Time was a significant predictor of DO 
concentration at a threshold P>0.01, where the progression of time is associated with 

increased DO concentrations. 

 Total phosphorus There were no significant differences in the regression model (F (7,156) = 

1.58, P>0.05) with R2 = .07 (adjusted R2.02) nor where there any significant predictor 
variables. 
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 Total suspended solids The regression model was significant (F (7,160) = 4.37, P<0.001) with 
R2 = .16 (adjusted R2 = .12). However, no predictor variables were found to have a significant 
relationship with the pollutant concentrations. 

Individual gamma regression models were fitted to ammonia nitrogen, total phosphorus and nitrates 
and nitrites concentrations as the response variables and site, month, total rainfall and time as 

predictor variables. Time was a significant predictor of NH3 concentrations with decreased NH3 
concentrations associated with progression of time. Both month and time were significant predictors of 

PO43- concentrations at a threshold of P< 0.01, where progression of time (both time and monthly) is 
associated with increased concentrations. There were no significant predictor models for nitrates and 

nitrites. 

Table 1 (see below) allows a comparison between both the historical and empirical water quality data 
against a combination of South African water quality guidelines and the Ecological Reserve water 

quality benchmarks. 

 

Contributions of the work 

The integration of urban wetland ecosystem services in research is inadequately addressed (Luederitz 

et al.(2015). This is possibly attributed to the complex relationships between wetland water regimes 
and catchment hydrology and thus the difficulties in extrapolating findings from research conducted in 

one wetland to another. This research contributed to a better understanding of elevated loadings of 
nutrients and fluctuating/unstable system variables due to the influx of stormwater pollutants from 

residential and small scale industrial activities. 

Overall it was concluded that the wetland has been unable to improve the water quality as assumed 

theoretically 
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Paper ID: 3749738 

Tailoring the photo-catalytic potential of nanosized magnetite through graphene oxide doping- 
a novel approach to efficient pollutant’s remediation in water streams 

A Tabasum*, N. Nadeem*, M. Zahid* and H. N. Bhatti*, S. Nouren** 
*Department of Chemistry, University of Agriculture, Faisalabad, Pakistan. 
**Department of Chemistry, Women University of Azad Jammu and Kashmir, Bagh.  
 
Central message  
Pesticides are extremely toxic, bio-persistent and detrimental priority pollutants. Keeping in view, serious 
threats to public health, posed by these   potentially carcinogenic pesticides present in water bodies, 
their removal from wastewater has been investigated. Conventional treatment processes have been 
found to be inefficient in face of extent of pesticides in effluents emerging from pesticide’ manufacturing, 
formulating and recycling industrial units. Heterogeneous photo-Fenton process, type of Advanced 
Oxidation Processes (AOPs), constitutes a promising technology to either fully mineralize or enhance 
biodegradability of these pollutants. In this study, magnetic nanoparticles were immobilized onto 
graphene sheet and investigated for their catalytic potential. Nanoparticle’s structure, morphology, 
catalytic potential, recovery and metal leaching were greatly influenced and improved by graphene oxide 
doping.  In addition, solar-irradiated processes were also studied in order to decrease the costs 
associated with the use of UV light. The spectral study assured the extraordinary efficiency of composite 
in sunlight by investigating the shifting of band gap towards longer wavelength.  
 
Materials and methods 
Modified Hummer’s method was adopted for graphene oxide synthesis. Firstly, graphite powder was 
oxidized to graphitic oxide which was further ultra-sonicated to form graphene oxide. Magnetic 
nanocomposites were made by adding metal precursors (of specific mole ratios) into the well dispersed 
graphene oxide suspension. Magnetic nano Ferrites (NiFe2O4, CoFe2O4 and Fe3O4) alone were also 
prepared for comparison point of view. The catalysts were prepared following co-precipitation and 
hydrothermal methods and characterized by SEM, XRD and FTIR analyses. Catalytic potentials of 
prepared catalysts were investigated in terms of pesticide degradation. The selected pesticide was 
Nitenpyram- a widely applied Neonicotinoid. The Kinetic study of degradation reaction was also 
performed at optimized conditions of influencing parameters like pH, temperature, catalyst dose, 
pesticide load , oxidant dose and contact time. The efficacy of the overall remediation process relies on 
the efficient magnetic separation of catalysts and their reusability without losing so much efficiency. The 
Parameters’ interaction study was evaluated by applying Response Surface Methodology (RSM).  
Results and discussion 
 
All the composites were characterized by SEM, XRD and FTIR. The immobilization of metal ferrites onto 
wrinkled surface of graphene oxide was justified by SEM image, furthermore, peaks appeared in XRD 
and FTIR spectra were in agreement with the data cited in literature.  Scans of composites from UV/Vis 
spectrophotometer also ascertained the band gap shifting to longer wavelength. This shift in band gap 
helped in enhancing the catalytic efficiency under visible light. The influencing parameters were 
optimized in order to achieve higher efficiency. 80% degradation of pesticide was accomplished when 
the sample was irradiated with UV light for 2hours at optimized conditions of pH, temperature, doses of 
catalysts and oxidant .This efficiency was enhanced to 91% when the pesticide solution was irradiated 
under sunlight. The descending order of %age degradation efficiency of prepared catalysts were found 
as; CoFe2O4>NiFe2O4>Fe3O4 (80%, 73.6% and 69% respectively) (under UV light for 2hours) while 
NiFe2O4> CoFe2O4>Fe3O4 (91%, 75% and 73% respectively) (under sunlight for 1hours). The catalysts 
synthesized remained highly efficient upto 70% and recycled easily without any remarkable loss. These 
are some salient features try to take step forward towards their implementation on industrial level. 
Contributions of the work 
 
Pesticides are the bio-resistant organic pollutants having longer half life values. Once if they are 
introduced into the aquatic systems, they eventually disturb the living organisms by depositing in their 
bodies. Neonicotinoid is the new class among various pesticide classes, widely used as alternatives to 
carbamates. Biodegradation using plant base materials was proved to be inefficient and homogeneous 
Fenton process due to its sludge formation was also failed regarding practical feasibility. One of the 
efficient, economically effective (cost-wise and time-wise) and operatable at ambient conditions 
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remediation process is heterogeneous Fenton process. It leaves no harmful byproducts in the 
ecosystem, employing green oxidant and very low concentrations of metal ions.  It also requires no pre- 
or post- treatments of the wastewater sample. Owing to the use of solar energy the energy consumption 
is relatively low. The feasibility of this wastewater treatment process plant  at industrial level is relatively 
high.  
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Acid Orange 52 Removal using Immobilized Photocatalytic Baffled Reactor  
 
P. Zanganeh Ranjbar*, B. Ayati*, H. Ganjidoust* 
* Civil and Environmental Eng. Faculty, Tarbiat Modares University, Tehran, Iran, 
ayati_bi@modares.ac.ir 
 
Photocatalytic reactors are including two types of slurry and immobilized systems. Slurry systems have 
a higher photocatalytic activity but the necessity of nano-photocatalysts separation after treatment is 
one of their disadvantages due to economic, health, and environmental reasons. Thus there is little 
tendency to use these reactors. 
In this study, a baffled photocatalytic reactor was applied to treat wastewater containing azo dye.  
 
Material and Methods 
The baffles made of Plexiglas covered by TiO2 nano-materials placed vertical in the reactor (Fig. 1), 
were used.  

  
Figure 1. (a) Image and (b) schematic plan of the reactor 

 
Using this reactor could enhance in the wastewater passage time, decrease in contact distance due to 
existence of the colored wastewater and the effect of preventing the passage of UV ray, bring about 
turbulence in the current, prevent from short circuit phenomenon, increase at the current length, and 
cause enhancement in effective surface against the relatively low occupancy level that make it possible 
to construct this kind of reactors in larger scales. The dimensions of the Reactor were 20 cm*25 cm*50 
cm and the baffle dimensions used in the reactor were selected 20 cm*12 cm. The photocatalyst 
particles were fixed on baffles and then the experiments were conducted based on the experimental 
design by Design Expert software. In order to ensure adequate waste water to pass from the photo-
reactor, the rotary flow regime was used in the original design. In the research, Methyl orange one of 
the anionic dyes with the chemical formula C14H14N3NaO3S was used. This azo dye was the kind of 
amino benzene and has a functional azoic group (-N = N-) and cofactors NaSO3 and now widely used 
in dyeing textile, wood, paper, leather and printing applications. In order to investigate the effect of the 
main factors and optimizing colored wastewater treatment process by using TiO2 nanoparticles in the 
baffled reactor Response Surface Methodology, central composite design (CCD), was used.  
 
Results and Discussions 
Based on the results, reducing the pH and initial dye concentration had synergetic effect on color and 
COD removal simultaneously. The effect of pH less than 5 and less than 75 mg/L concentrations are 
more rapidly. This phenomenon was a result of amphoteric behavior of TiO2 and the weakening of 
oxidation ability of the produced holes in alkaline conditions. The pH of the solution influence on how 
the TiO2 surface is ionized and leads to amphoteric behavior the TiO2 nanoparticles under different 
conditions and this behavior changes the oxidation ability of the process. Another reason for this 
phenomenon could be described as the reduction in light penetration due to increased dye concentration 
in the solution and the more dye adsorption on the surface of TiO2 causes a part of UV energy is 
absorbed by the molecules of the dye. Although Methyl orange is an anionic dye with the negatively 
charged sulfonic group thus in high pH, hydroxyl radicals lose the chances of reaction with the trapped 
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dye quickly. At the same time reducing the pH and increasing the reaction time also increases the 
efficiency of COD and color removal and enhanced for the pH below 4 and after 6.5 hours for dye 
removal and at pH below 5 and after 8 hours for COD removal. This was due to increased opportunities 
for photocatalytic activity in acidic pHs reduce the initial dye concentration and increase the reaction 
time had amplified effect in efficiency of decolorization and reduction of COD. The rate of the phenomena 
was more obvious for the dye concentration less than 50 mg/L and after 8.5 hours. The results showed 
that the color removal efficiency was more than COD removal efficiency. The most noticeable reason 
for this phenomenon is the breaking of the colored azoic bond and producing colorless intermediate 
products that decrease removal efficiency during tests. The maximum amount of COD and color removal 
when the 50 mg /L initial dye concentration and at the pH= 5 were 98.81 and 69.7 percent, respectively, 
after 9.5 hours. The results data comply with reduced quadratic model with a correlation coefficient (R2) 
94.95 and 95.30 percent for color and COD removal respectively that validate the model results. 
Laboratory assessment also indicated that due to the very small difference between the results of the 
represented model and the experimental data, the model was consistent with acceptable confidence 
level. 
 
Contributions of the paper 

 Using baffles in the reactor that cause enhancing in the wastewater passage time, preventing 
the passing out of UV rays, bring about turbulence in the current, increase at the current length, 
prevent from short circuit phenomenon 

 Immobilize nanoparticles on Plexiglas baffles that causes easiness in using different amount of 
nanoparticles gives commercial applications to this reactor      

 Cause enhancement in effective surface against the relatively low occupancy level that makes 
it possible to construct this kind of reactors in larger scales 
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Paper ID: 3749698 
 
Evaluation and management of an impact of a treated sewage waste water on a Blesbok Spruit 
river and wetland water quality.  
 
 Contacts : baloimandla@gmail.com & 0849288371/0813784434  
Affiliation : Engineering Council of S.A (‘Candidate Engineer’ No. 201550003)  
: Water Institute of South Africa (‘Associate’ No. 26020)  
 
The Blesbok Spruit river was classified as a D/E river by Department of Water Affairs (DWA), which is 
of a poor standard (Du Plessis et al., 2014). On the 02/10/1986, the Blesbok Spruit wetland was 
recognised as a RAMSAR wetland and ten years later it was included in a Montreux records 
(rsis.ramsar.org). The unacceptable water quality parameters for Blesbok Spruit river were 
Conductivity (Ec), Chloride (Cl), Sulphate (SO4), Ammonia (NH3), Phosphate (P) and Faecal Coliform 
(Du Plessis et al., 2014). The factors that degrades a Blesbok Spruit river and its wetland are acid 
mine drainage, sewage and other factors such as urbanisation, industrial and agricultural (Ambani and 
Annegarn, 2015). East Rand Water Company (ERWAT) is in custody of 19 WWTW of Ekurhuleni and 
12 of those plants discharge their treated sewage into Blesbok Spruit catchment. The data dated from 
2012 to 2017 of a treated sewage, upstream and downstream was evaluated for the following 
parameters Ec, Cl, SO4, NH3, PO43, E.Coli, and including pH and NOx. The management plan 
adopted is based on the operational and implementation of new technologies.  
 
 
Keyword: Blesbok Spruit, Wetland, ERWAT, Parameters, Technologies, WWTW 
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Paper ID: 3748055 
 

How to lift lifespan of Wastewater Treatment Plants through a new maintenance regime? 

Author, Frosela Filo  

Steet Alqi Kondi No 36, 7000 Korce (Albania)  

 +355664045017     
 filo.frosela@gmail.com 
  

Central message  

The universal ideal of operational cost recovery for drinking water production, distribution and waste 
water treatment isn’t  easy  way; water sector remains subsidized even in well developed countries. 
However, one of the ultimate goals of water management should be making visible the operational 
cost and recovery, refers to the deduction of a portion of the cost of an asset, used in a business or for 
the production of income, over its useful life through depreciation, amortization, or depletion. 

● What is the question that your paper is addressing?  

The affordability of water services must be combined with operating water services in a sustainable 
way. Developing and maintaining the assets for water production and distribution are capital 
investment. What specific steps are needed to be undertaken by a financial manager for enabling full 
coverage of costs in a capital investment of long-term assets for facilitating the company! 

● Why is this work important?  

This is critical in light of the fact that one of the greatest difficulties in the water sector management in 
the industry is the way of being subsidized for capital investment and how to lift life span of assets 
including coverage of settlement of these investments. 

● Can you explain for a non-expert what the work is all about?  

Water is an essential and basic commodity for human life and indeed all life on earth depends upon it. 
Water is a value that influenced by these elements: a) Quantity – The total volume of water the source 
can supply; b) Time – when the water will be supplied; c) Space – The location at which the water will 
be supplied; d) Reliability – The likelihood that the supply will not be interrupted; e) Quality – The 
extent to which the water is free of contaminants and otherwise suitable for the intended use.  To 
ensure all these elements at the same time, it is necessary to have sustainable asset frameworks 
which require enormous financial resources that in most of cases are beyond the capabilities of the 
company. If you don’t find “money” to invest, then you take care about your currently assets, to 
efficiently maintain and manage these assets in order that over the time they will still be valid.  

● Describe for your friend - that is not an expert in the field - what you are doing.  

I am the head of Finance and Accounting Department in Water and Sewerage JSC Korca, I manage 
long-term activity  and day-to-day monetary operations and strategy. I oversee incoming - outgoing 
payments, budget creation, cash management, assets management, accounting, financial reporting 
and many other tasks related to the finances of the company. In my day routine is very important to 
calculate the performance indicators, identifying problems with growing costs and income 
sustainability. 

Materials and Methods or Description of Intervention  

During the last 15 years in my company were invested more than 60 million euro (which 30% were 
grants) in water and wastewater infrastructure. New investment coming to Albania especially on 
sanitation brought the construction of the Waste Water Treatment Plant facility in Korca City. Those 
sanitation investments began in 2012 and were implemented till 2014. Since 2014 when Wastewater 
Treatment Plants facility start-up its operations, the operational costs recovery decreased by 8%. And 
total costs recovery of the company decreased by 9%, this situation brought a decrease in 
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performance even when the costs recovery was over 100%. Making a detailed analysis showed that 
the operational costs of Treatment Plant goes to 20% of total operational costs. A linear depreciation 
/appreciation model will be used. 

Results and Discussion 

A detailed summary analyse of the useful life of the Wastewater Treatment will be provided; 1) Use of 
Depreciation linear method example according to the legislation in Albania; 2) Establishment of a 
proper Maintenance regime to increase expected useful life on the Wastewater Treatment Plant facility 
in Korca City.  

 
Figure 1. Link between proper maintenance and expected useful asset life.  

Contributions of the work  
 

● What was known before you started the work? 
Fianancial Management Degree From the University of Tirana, holding a Master Degree on that field..  

● The key points of your contributions 
My contribution is relay on working  directly in Comprehensive Assets Lifecycle Management in Korca 
Utility.  Review and prepare timely Assets Management Report, take care about  registration and 
protocol of condition and performance for each asset. 

● Are the results what you expected, or are there any surprises? 
With introduced asset management approaches , and relaying on the accumulated data, We are in 
process and in this few years’ operational costs of Treatment  Plants  are about to decrease. 

● Conclusions of your work so far 
To obtain understanding for burdens shared for reconstruction and renewal, how to provide 
information properly will be shown in details, while raising funds might be conducted through renewal 
reserves or other means 

● What are the lessons learnt 
In water utility, asset management is composed of the Following four elements: Provision of necessary 
Information; Implementation of micro management; Implementation of macro management; and  
Utilization of anticipated renewal demand and financial balance. 
 

● Unanswered questions 
How politics in macroeconomics will affects in water sector and especially in our Maintenance Regime 
that we want to implement?  Will the decision be right and will have significant impact in our financial 
situation? 
 
References 
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Paper ID: 3747987 
 
Statistical cross evaluation of Faecal Sludge in different regions 
 
P, Jaenicke*, B. Pietruschka*, C. Buckley* 
*University of KwaZulu-Natal, Durban, jaenicke@borda.de 
 
Central message 
Over 2.7 billion people are dependent on onsite sanitation and their numbers as well as the amount of 
faecal sludge is growing. The newly strong developing field of faecal sludge management (FSM) is 
currently one of the focal points of sanitation research. One of the biggest challenges is the 
characterisation and quantification of FS accumulating in a certain area. In order to address that more 
and more research institutions are gathering data in regions and cities dependent on on-site 
sanitation. Three of those cities are Kampala in Uganda, Kathmandu in Nepal and Devanahalli in 
India. In this project physiochemical, facility, climate, geographic and sociodemographic  parameters 
have been obtained and compared in order to be able to better characterise faecal sludge and support 
practitioners, implementers and decision makers along the sanitation value chain with the information 
needed to successfully conduct faecal sludge management projects. 
 
Materials and Methods 
In the following report most of the physiochemical data was obtained by three different organisations in 
the 3 different cities. Furthermore, additional data especially regarding climate, geography and 
sociodemographic has been obtained from multinational and local organisations or government 
bodies. 
 
All data sets and parameters have been analysed for basic statistical values, normal distribution and 
correlations between important parameters. Relevant parameters are stated separately and the impact 
of influencing factors is discussed. 
 
Results and discussion 
There is overall a strong variation of the parameters in all three cities. One of the most remarkable 
differences is that the average mean of total solids in Kampala is 2.4 times lower than the amount in 
Kathmandu and 2.2 times  lower than Devanahalli respectively. 

 

There are several possibilities for these differences: 
- Shallow groundwater table in Kampala (~5-10m) (Schoebitz, 2014) 
- Higher emptying frequency in Kampala (~1 year vs 3.3 in Devanahalli and 9.3 in Kathmandu) 
- More grit / sand in Devanahalli and Kathmandu 
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In Kampala the average concentration of total solids between septic tanks and pit latrines is 17735 mg 
/ L and 28095 mg/L respectively. This is a clear indication of the importance of the containment units in 
regards to solid concentration. A comparison like that was not possible in Devanahalli and Kathmandu 
due to the fact that the Devanahalli data derives to 98% from pits and the Kathmandu to 90% of septic 
tanks. Nevertheless, it is noteworthy that even though Kathmandu has mostly septic tanks the 
physiochemical parameters are even higher than the mostly from pits residing data of Devanahalli.  

 

In Figure 1 the red bars indicate the mean average of the given data points, whereas the blue bars 
indicate the standard deviation. This gives a clear impression of the variability of the total solid and 
COD values in their respective city. With current classifications of low, medium and high strength 
(Strande et al. 2014) the FS was categorized as shown in Table 1. Kampala has the highest amount of 
low strength FS (16%<3000 mg/L) and a broad distribution of 68% in medium strength FS. Kathmandu 
has the highest amount of medium strength FS with 70% and only a low segment of low strength FS 
(6%). There is a considerable number of high strength FS (24%), nevertheless, compared to the TS 
content the overall strength is low. That might be due to the longer storage time and a higher 
stabilization of the sludge accumulated in the septic tanks. Devanahalli received utterly no low strength 
sludge and has an almost even distribution of mid and high strength sludge. There are however some 
extreme outliers of >150,000 mg/L. 
 
The several physiochemical properties have been compared with the age of the sludge and some 
weak positive correlations have been observed. Nevertheless, these cannot be verified with the 
amount of data given. 
 
Contributions of the work 
Until this point several efforts have been undertaken in order to characterise faecal sludge in one 
particular area or city. With this project the information that has been collected was compared and a 
bigger picture was created of what faecal sludge looks like and which factor may or may not affect its 
characteristics and quantity. It is known that there are big differences between single on-site sanitation 
system but until now it has not been clear how strong parameters may very between areas or entire 
cities. For the effect of the age of the sludge on its stabilization process and characteristics further 
sampling campaigns need to be conducted in order to make reliable conclusions. With the work 
carried out it became clear that overall more data is necessary in order to more precisely characterise 
and quantify faecal sludge. 
 
References 
Schoebitz, L.; Niwagaba,C.; Strande,L. (2014). RRR-Project. From Research to Implementation. 
Component 1 – 
Waste Supply and Availability. Report – Kampala. 
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Approach for 
Implementation and Operation. IWA Publishing.  
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Poster session 3  
 
Paper ID: 3803143 
 
An investigation of the error resulting from linearly upscaling the performance of a ‘typical’ of 
domestic rainwater harvesting system to the catchment scale  

L. N. Fisher-Jeffes, K. Carden, N. P. Armitage 

Department of Civil Engineering, University of Cape Town, Private Bag X3, Rondebosch 7701,  South 
Africa. Email: lloyd.fisherjeffes@gmail.com 
Rainwater harvesting (RWH) has been used around the world for millennia – especially in areas 
without centralised water supply systems. In recent times, RWH has been proposed as a means of 
developing more water sensitive, resilient and adaptable cities capable of mitigating the impacts of, 
amongst others, climate change. While numerous studies have analysed the potential of RWH from 
residential buildings as a possible additional resource in urban areas, the majority of these studies 
have assumed that the performance of RWH at a catchment scale can be inferred by linearly 
upscaling the performance of a limited number of units. Recent studies have shown that this leads to 
errors in the analysis, and some of these have in turn proposed the use of stochastic models to assess 
the potential impact of RWH at the catchment scale. A stochastic approach however ignores the 
spatial and temporal nature of RWH within an urban environment. This paper presents the 
development of a model that takes account of the spatial and temporal factors associated with 
rainwater harvesting and compares the model’s results with those of the commonly used upscaling 
approach highlighting the need to take care when modelling the impact of RWH at a catchment scale. 

Central message  

Rainwater Harvesting (RWH) – the collection and storage of runoff from the roof/s present on an 
individual property and the subsequent use within that property – has a well-documented history dating 
back over 8000 years (Pandey et al., 2003). Modelling RWH at a system scale is relatively simple and 
there are an abundance of models available for undertaking such studies. When modelling the 
aggregated performance of a number of individual RWH systems (e.g. all RWH systems in a catchment) 
– measured by considering, inter alia: total water demand met, volumetric reliability, total runoff, percent 
of runoff harvested, and average recorded cost per kilolitre ––– a common approach has been to linearly 
extrapolate (termed ‘upscale’) the quantity and quality performance obtained from modelling a single 
system with averaged storage and water demand characteristics (Neumann et al., 2011; Maheepala et 
al., 2013). Such an approach assumes, inter alia, that every RWH system experiences the same water 
demand, at the same rate; every RWH system has the same size catchment area (roof area); and rainfall 
and evaporation are constant in both space and time (Maheepala et al., 2013). While these broad 
assumptions are clearly not true, studies have and continue to make them – likely owing to the simplicity 
of such an approach. DeBusk & Hunt (2014), in a comprehensive literature review focused on RWH, 
identified a number of studies which made use of averaged data and/or upscaling to evaluate the 
performance of multiple RWH systems. Ghisi et al. (2007), for example, made use of average roof areas, 
average household size and average per-capita demand for 195 cities in Brazil, and concluded that the 
performance of a RWH system based on a specific city’s data is equivalent to what that city might expect 
from multiple RWH systems. DeBusk & Hunt (2014) noted that site-scale studies produce higher 
estimates (45% to 89%) of the amount of potable water demand than could be met through RWH when 
compared to regional scale studies (5.6% to 68%), but offer no explanation for this difference.  

Sekar & Randhir (2007) and Mwenge Kahinda et al. (2010) made use of GIS to spatially assess the 
potential of RWH as an alternative water resource for a region and country respectively. Both studies 
adopted significant simplifications (e.g. standard house design, average water demand, etc.) that do not 
account for the variation in demand. Other recent research, such as Steffen et al. (2013), investigated 
the stormwater management benefits of RWH by modelling each property in the catchment in detail 
(using SWMM), including the individual RWH systems. However, they failed to account  for the spatial 
variability in water demand, instead assuming a constant (average) water demand for all properties.   

Mitchell et al. (2008); Coultas et al. (2011); Maheepala et al. (2011, 2013); Mashford et al. (2011); 
Neumann et al. (2011) have all shown that linearly extrapolating the performance of RWH at an 
individual propety scale to the regional scale can lead to significant errors in estimates of yield, overflow 
and quality – but these are based largely on theoretical catchments and not on actual catchment studies. 
The degree of potential error is however significant – and could affect the benefit RWH might have in a 
real catchment, which in turn affect the planning of water resources in Cities of the future.  
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Materials and Methods or Description of Intervention (11 p Times New Roman)  

Through the development of a model (including extensive data collection of household water use data, 
property sizes, rainfall and evaporation data for 6000 properties) that simulates both discretely and 
stochastically the use of RWH at an individual property scale for around 6000 unique properties in a 
catchment it was possible to assess the error in traditional methods for estimating the potential yield 
from property scale RWH systems. 

Results and Discussion (11 pt Times New Roman) 

Figure 11 presents the error in volumetric reliability that results from linearly extrapolating to the 
catchment scale for Scenarios 1 through 10 using a daily time step, as well as for Scenario 10 modelled 
using an hourly time step – based on the assumption that with each property modelled separately and 
thus the modelled performance reflects the most accurate results possible. It is evident that the use of 
the arithmetic mean typically results in an overestimation, while the use of the geometric mean results 
in an underestimation of the volumetric reliability. Also, extrapolating to the suburb scale and then 
aggregating to the catchment scale typically provides a better estimate of a system’s volumetric reliability 
than extrapolating directly to the catchment scale, whether using the arithmetic or geometric means of 
the input data. 

 

 

 

 

 

 

Figure 10 presents the error in spillage that results from linearly extrapolating performance results to the 
catchment scale. It appears that linearly extrapolating the site scale results to the catchment scale can 
lead to a significant underestimation of spillage (3.5–35%, typically 7–18%). Using the geometric mean 
values to extrapolate to the catchment scale – not shown in figure  10Error! Reference source not 
found. – resulted in errors exceeding 75%. The errors presented in both Figure 110 and 11are within 
the ranges of those presented in other studies. 

Contributions of the work  

The approach to modelling RWH can have an impact on the results of an analysis. It is evident that the 
use of linear extrapolation to infer the catchment-scale impacts of RWH is likely to lead to errors. Based 
on the analysis conducted in the Liesbeek River Catchment, the error in estimating volumetric reliability 

Figure 11: Error in volumetric reliability as a 

result of linearly extrapolating an RWH system's 
performance to the catchment scale 

 

Figure 10: Error in spillage as a result of linearly 

extrapolating an RWH system’s performance to 

the catchment scale 
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is typically about 10%. The error in estimating spillage typically ranges between 7% and 18%, but can 
be as high as 35%. While extrapolating to the suburb level improves the accuracy of the results, there 
remains an inherent error. Furthermore, the upscaling undertaken in this paper had the advantage of 
being based on the mean data (arithmetic or geometric) from every RWH system being considered; 
where only a sample of data is used, the scale of the errors reported could increase. The results indicate 
that where it is not practical to model every RWH system in an area, representative data should be 
sourced locally – for example at a suburb scale when considering the city scale benefits of RWH. 
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Paper ID: 3749665 
 
Chemical analysis of the protein, lipid and carbohydrate composition of faecal sludge from 
Urine Diversion Dry Toilets as a feed source for Black Soldier Fly Larvae 
  
D Hamilton, A Starke, RC Sindall and CA Buckley  
School of Engineering, University of Kwa-Zulu Natal, Durban 4041, South Africa  
 
Central message  
A 20 ton per day black soldier fly larvae production facility has been built to process faecal sludge. The 
providers of the sludge will receive a payment based on the quality of the faecal sludge as a feed. A 
method is needed to determine the payment at the sludge reception area of the facility. The analysis 
of the faecal sludge from urine diverting dry toilets for their nutritional value (crude protein, crude lipids, 
and crude carbohydrates) is important for its use as a feed for the production of black soldier fly 
larvae. Both conventional wet chemical and Near Infrared Spectroscopic techniques will be used. The 
use of Near Infrared Spectroscopy is to address the need for a rapid, non-destructive on-site analysis 
technique.  
 
Materials and Methods  
The faecal sludge from urine diverting dry toilets of the greater Durban area that is delivered to the 
Black Soldier Fly Facility of the eThekwini Water and Sanitation unit will be sampled and analysed. 
This faecal sludge will be sampled at the gate of the facility and key production points through the 
treatment process in order to construct a crude nutritional mass balance.  
The faecal sludge will be analysed in terms of its crude protein, crude carbohydrates and crude fat, 
using conventional chemical methods.  
In parallel Near Infrared Reflectance Spectroscopy will be investigated for analysis of the faecal 
sludge. (FieldSpec3 Spectro Radiometer (Analytical Spectral Devices: ASD, 2005)). The construction 
of the calibration curves needed for the Near Infrared Spectroscopic technique will be from the wet 
chemistry results.  
 
Results and Discussion  
No experiments carried out yet.  
 
Contributions of the paper  
Development of novel faecal sludge management strategies are important for addressing the 
sanitation need in developing countries. Black Soldier Fly Larvae are known to feed on organic waste, 
are already being farmed on food waste and harvested as a high protein and fat product. Since Black 
Soldier Fly Larvae also feed on faeces, there is the potential to rear the larvae on faecal sludge for the 
same purpose. The attraction of this would be a potentially sustainable faecal sludge management 
strategy where faecal sludge is reduced while producing a value-added product in the form of the 
matured Black Soldier Fly Larvae (Banks, Gibson et al. 2014).  
 
To date, most of the investigations into on the properties of faecal sludge have been with the view of 
disposing of the faeces, using it as a fertilizer or as a combustible resource. Little investigation has 
been done in terms of chemical analysis of the nutritional value of the faecal sludge, from onsite 
sanitation sources, as a feed source. Hence there is a need to determine the nutritional value of the 
faecal sludge in the context of the nutritional needs of Black Soldier Fly Larvae (Zuma, Velkushanova 
et al. 2015). Since knowledge of the nutritional value of the faecal sludge delivered to the Black 
Soldier Fly Larvae facility aids the running of the treatment plant, a rapid method of analysis of crude 
protein, crude lipids and crude carbohydrates is also still needed. This paper will address not only the 
conventional analysis for knowledge of nutritional content, but also the rapid on-site analysis of 
proteins, lipids and carbohydrates with Near Infrared Spectroscopy.  
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Paper ID: 3800128 
 
Microalgae cultivation using various sources of organic substrate for high lipid content  
 
Hesam Kamyab1,, Shreeshivadasan Chelliapan1*, Tayebeh Khademi2  
1Engineering Department, UTM Razak School of Engineering & Advanced, Universiti Teknologi 
Malaysia (hesam_kamyab@yahoo.com; shreeshivadasan.kl@utm.my)  
2Faculty of Management, Universiti Teknologi Malaysia, 81310, Johor, Malaysia 
(tayyebeh_khademi@yahoo.com)  
 
 
Ingredients of photosynthetic reactions can be exploited to increase algal culture productivity to 
effectively treat wastewater by significantly reducing the presence of organic and inorganic 
compounds. In this study, we introduced microalgae Chlorella pyrenoidosa (CP) into four different 
wastewater samples, including Palm Oil Mill Effluent (POME), piggery, domestic, and mixed-kitchen 
wastes. The CP growth efficacy of POME and subsequent drop in nutrients was demonstrated. It was 
clearly seen that POME had the highest COD values at 700 mg/L. The Total Nitrogen ratio for the 
piggery sample was the highest at 590 mg/L. The optimum growth rate for CP was observed when 
using POME as a substrate. Maximum lipid content was recorded for POME, domestic sample, 
piggery, and mixed-kitchen waste, at 182, 148, 0.99, and117 mg/L, respectively. The above results 
revealed that POME was the best substrate choice for alga C. pyrenoidosa with the highest lipid 
production rate of the four substrates. It was established that POME (as a nutrient enriched media) 
assisted CP growth and considerably reduced the presence of organic and inorganic compounds.  
 
Keywords: Chlorella pyrenoidosa; Wastewater; Lipid content; Organic substrate  
 
Materials and Methods  
Sample collection  
Palm Oil Mill Effluent (POME) as a carbon and mixed consortia of microalgae was obtained from 
facultative ponds at the Felda palm oil mill in Kulai (Johor, Malaysia). The collected POME was 
allowed to reach room temperature before sample preparation. Raw piggery (pig slurry), domestic, and 
mixed-kitchen wastes were collected from the piggery industry in Malaysia and Universiti Teknologi 
Malaysia (UTM), Skudai, and Johor Bahru, respectively. The Desa Bakti River was chosen for 
domestic waste collection from a stabilization pond used by UTM. Mixed kitchen waste was collected 
from domestic restaurants in UTM as well. (Kamyab et al.,2016a; Rezania et al.,2016).  
 
Cultivation procedure  
Prior to each experiment, inoculums for cultivation were prepared by aseptically transferring CP from 
agar plates to 250 mL flasks containing 100 mL of BBM medium. The CP were then incubated in a 
shaker incubator under constant light activity of 100 μmol/m2 s at 100 rpm and 28 °C for 2d. (Yoon et 
al., 2008). Different cultivation parameters such as Optical Density (OD600), Chemical Oxygen 
Demand (COD) and Total Nitrogen (TN) were used to introduce appropriate substrates for the high 
lipid content of CP cultivation (APHA 2005).  
 
Optical Density  
Four ml of CP cells were harvested using a centrifuge tube at 5000 rpm for 5 min, and then the 
supernatant was transferred into glass cuvettes. The cuvettes were placed in the spectrophotometer 
(Shimadzu 160 A) to acquire optical density at the wavelength of 600 nm (Kamyab et al.,2016a).  
 
Chemical Oxygen Demand (COD)  
The standard protocol for COD measurement was performed for the examination of water and 
wastewater. The aim of this experiment was to determine the potential of CP in reducing the COD 
content of wastewater. The algal cells were thoroughly homogenized using a vortex then added to the 
COD vials. The vials were well mixed and placed in the preheated digester block at 1500C for 2 hours. 
Samples were mixed and examined using a HACH DR 5000 Spectrophotometer, using the 5220 B 
method (APHA, 2005).  
 
Total Nitrogen and Lipid Optimization for CP  
A volume of 2 mL CP suspension was taken and centrifuged at 4000 rpm for 10 min and then the 
supernatants were diluted and analyzed for total nitrogen content using a HACH DR 6000 
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spectrophotometer (APHA, 2005). The growth of manipulated CP was determined using nutrient 
ratios. The variations in nutrients and Total Nitrogen (TN) in the experiment were used to determine 
the growth of CP (Kamyab et al., 2016a).  
 
RESULTS AND DISCUSSION  
 
Optical Density  
Results show that both POME and domestic samples were still in their exponential phase. In addition, 
gradual growth of piggery after 20 days can be seen with final OD600 more than the OD600 value for 
mixed-kitchen waste, showing shows that the piggery sample was already in its stationary phase. 
Based on the results, the POME as substrate had the highest CP growth rate. Algae in wastewater 
before and after primary settling had overlapped growth curves, which coincided with the similar 
chemical composition of the two wastewaters, elucidating the strong relationship between nutrient 
levels and algal growth (Wang et al.,2010).  

 

 

Chemical Oxygen Demand (COD) Total  
Regarding COD, it can be clearly seen that POME had the highest COD values of around 700 mg/L at 
the beginning of the experiment were observed in figure 2. Over a period of 20 days, COD values for 
POME, domestic, and mixed- kitchen waste decreased, while the COD in piggery remained almost 
constant. The higher COD value of POME shows that there is higher nutrient content and more active 
compounds in POME compared to other substrates, which leads to a rich cultivation of microalgae and 
high lipid content. However, domestic waste is a second alternative. Based on the data obtained by 
Zhu, et al., (2013). 
 

 
 
 
 
 
Total Nitrogen  
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Figure 3 shows that the TN ratio for the piggery sample was higher than other substrates. However, an 
overall decrease during the first 20 days for all samples was observed. The highest TN values of 590 
mg/L to 350 mg/L were observed for the for piggery substrate, which is much more than the second 
highest TN content substrate (POME) of 210 mg/L to 100 mg/L. In addition, trends for the domestic 
substrate is similar to piggery from day 0 to day 20, but the TN value for the domestic  sample is much 
lower than piggery with 53mg/L to 200 mg/L. Both samples showed a significant decrease in TN ratios 
from day 6 to 12. Kothari et al. (2012) found that C. pyrenoidosa could remove 80-85% TP and 60-
80% of TN from dairy wastewater. 
 

 
Lipid Content  
POME shows an increasing trend with lipid content values from 88 mg/L and to 182 mg/L were 
illustrated in figure 4. This confirms that POME is the best substrate choice, with the highest lipid 
production rates compared to the other organic substrates used in this study. Regarding the domestic 
sample, an increase from 46 mg/L to 148 mg/L shows that it is the second best choice for high lipid 
production for CP. The piggery and mixed-kitchen waste had similar increasing trends for lipid 
production with values between 25 mg/L and 117 mg/L. Furthermore, piggery and mixed-kitchen 
waste are the third and fourth choice for the cultivation of high lipid content CP. Kamyab et al., (2016b) 
stated that the highest and lowest lipid content of C. sorokiniana and C. pyrenoidosa microalgae 
strains cultivated in POME produced was 2.68 mg/mg CDW and 0.74 mg/mg CDW, respectively.  
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Paper ID: 3760880 
 
 Application of multiple regression analysis in projecting the water demand for the City of Cape 
Town  
 
M. Lawens*, C. Mutsvangwa**,  
* Department of Civil Engineering & Surveying, Cape Peninsula University of Technology, P.O. Box 
1906, Bellville 7535, Cape Town, South Africa, mirjam.lawens@gmx.de  
** Department of Civil Engineering & Surveying, Cape Peninsula University of Technology, P.O. Box 
1906, Bellville 7535, Cape Town, South Africa, MutsvangwaC@cput.ac.za  
 
Motivation  
Towards the end of the nineteen nineties the City of Cape Town (CCT) implemented an integrated 
water resource planning approach to deal with a threatening scarcity of water. As a result, various 
water conservation and water demand initiatives were implemented. (City of Cape Town, 2013) In 
spite of this the city has been affected by water shortages and it can be assumed that the situation will 
exacerbate in the coming decades due to a growing population, economy and climatic changes. 
(Frame & Killick, 2005) In order to defuse the situation, the CCT has commissioned various feasibility 
studies concerning the implementation of alternative water sources with as yet unpublished 
conclusions. (City of Cape Town, 2013) Since a sustainable water resource planning requires a 
comprehensive understanding of the water demand, the objective of this study was to predict the 
future demand by the CCT by analyzing its significant drivers. For this purpose, a statistical analysis 
method was applied, namely a multiple linear regression analysis.  
 
Method  
The research method involved the collection of historical data and their statistical analysis. The data 
was provided by the CCT and contained detailed information on the water demand development for 
the period 2002 to 2012, as well as the current water resources. Based on this data, influences on 
water demand were identified, namely: demography, economic growth, water losses and restrictions. 
Based on these influential variables on water demand, a linear multiple regression model was 
developed.  
 
A multiple regression analysis is a statistical tool to examine the relationship between a dependent 
variable and one or more independent variables (predictor variables). It relates to the question as to 
whether any relationship exists and if so, how significant is. A linear regression model can only check 
linear relationships between dependent and independent variables. (Frame and Killick, 2005; 
Reinboth, 2006)  
 
The regression analysis was conducted for the period 2002 to 2012 which coincided with start of the 
implementation of the water demand strategies. Taking into consideration the stated four influences on 
the water demand of the CCT, the following specific regression model is given as  
 
y = b0 + b1 x1 + b2 x2 + b3 x3 + b4 x4 Eq. (1)  
y water demand of the CCT (m³/year)  
x1 population of the CCT (capita)  
x2 water losses (m³/year)  
x3 economic indicator of the CCT as GDP per capita (ZAR/capita)  
x4 water restrictions (m³/year)  
b0, …, b4 regression coefficients  
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In order to identify the most suitable subset of independent variables the backward elimination method 
was applied. For this purpose, a p-value test was conducted for each regression factor as part of the 
multiple regression analysis. The p-value indicates the possibility of mistakenly rejecting a zero 
hypothesis and is expressed as a percentage. If the p-value is less than 5%, then the considered 
factor is assumed to be significant. The regression factor with the highest p-value greater than 5 % of 
the model is removed and the regression model repeated. (Frame and Killick, 2005; Reinboth, 2006) 
The multiple regression analysis was determined with EXCEL statistical package.  
 
Results and Discussion  
The final model consists of two independent variables, which are population growth and water loss. 
Economy and water restrictions were eliminated, and the final regression function established from the 
regression model (Eq. 1) is given as:  

 

 

 

Eq. (2) clearly shows that population causes the largest proportion of water demand. To verify the 
quality of the final regression model the variance analysis (e.g. R, R2, F-test, residual analysis p-value 
test) was applied with the result that the final model as well the remaining independent variables can 
be considered as significant.  

 

 

Figure 1 shows the actual water demand and the water demand developed with the regression 
function from Eq. (2). A close fit was established between the model and the actual water demand 
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data. The jump of the actual water demand curve in 2003 to 2004 is due to restrictions imposed by the 
CCT.  
 
Based on the established final regression function (Eq. 2), the water demand forecast was determined 
by applying an average population growth rate of 2.7% based on data of previous years of the CCT. 
The future water losses were assumed to stay at the same level of 14% as in the last records of 2012, 
because further measures to reduce water losses can very likely not be realized due to insufficient 
funding.  
To identify the projected water deficit and its occurrence, the estimated projected water demand was 
compared to the prognosed system yield published in the updated water conservation and water 
demand strategy of the CCT. (City of Cape Town. 2013) Based on Figure 2, a new water source will 
be required by 2021 to ensure continuity of the water supply for the CCT in the future. However, this 
trend can change if the other assumptions change, for example population and water losses.  
 
Conclusion  
The regression model assessed influences on water demand for a period of 10 years only (2002 to 
2012), consequently the linear assumptions used for this model cannot be applied to forecast the 
trends in the longer term. Hence the need to further improve the model through continuation of data 
collection in order to ensure the significance of the model.  
 
The CCT also commissioned studies to determine when a new resource will be required. Based on the 
studies of the CCT, a new water resource would be required between 2016 and 2025 depending on 
the success of the water conservation and water demand strategy. (City of Cape Town, 2013) 
Although the findings of the City of Cape Town gave a time range when the deficit occurs, overall they 
tally with the findings of this research.  
 
The removal of the economy as one of the predictor variables was expected due to the water 
distribution of the CCT. More than 50% of the water is for household use, whilst industrial and 
commercial use accounts for only about 10%. Consequently, private consumption has a significantly 
higher influence on water demand development than the economy. The removal of the restrictions as 
one of the predictors was also expected, since a regression analysis examines linear correlations. 
Imposed restrictions are usually unique events. The result of the regression analysis showed that the 
water demand of the CCT is decisively influenced by population and water losses. As a result, water 
conservation and demand strategies should be adopted accordingly before considering the 
implementation of new sources.  
 
Water scarcity is already a global risk and it must be assumed that the pressure on water resources 
will increase dramatically in the coming decades due to a growing world population, economic 
development and climatic changes as additional stress factor. To ensure a water supply in the future, 
the sustainable management of water resource becomes vital. Hence, water demand forecasts based 
on statistical analysis methods will play an important role since significant drivers may be identified. As 
a result, water conservation and water supply strategies can be adapted accordingly to enable to 
sustainable water supply for the coming decades.  
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Development of Monoclonal Antibodies against Potamonautes perlatus (Freshwater crab) 
Vitellogenin 
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* Department of Medical Bioscience, University of the Western Cape, Robert Sobukwe Road, Bellville, 
lloyd.leach88@gmail.com 

** Department of Medical Bioscience, University of the Western Cape, Robert Sobukwe Road, Bellville, 
epool@uwc.ac.za 

Overview 

Water quality monitoring is a crucial part of quality assurance for public health. Having the ability to 
assess drinking and recreational water quality safeguards people against adversity regarding 
contaminated water. One such method of monitoring is incorporating natural resources, such as the 
use of bioindicator organisms. Previous studies have identified crustaceans as ideal bioindicator 
organisms due to their balance between resilience and sensitivity to changes in environmental 
conditions. The crab genus, Potamonautes, is ubiquitous in aquatic bodies in nature. These crabs are 
found in numerous freshwater reserves in South Africa, more specifically Potamonautes perlatus (P. 
perlatus) is widespread within the Western Cape. As such, P. perlatus has been selected as a 
bioindicator organism for monitoring of endocrine disrupting pollutants within freshwater reserves. 
Within P. perlatus, a female specific hornone, vitellogenin (vtg), was isolated and used as a biomarker 
for the purposes of this study. 

Methodology 

The crabs used in this study were collected (with permit) from the river in Stellenbosch. The BALB/c 
mice used in this experiment were housed within the University of the Western Cape Animal Unit. 
From the crabs, haemolymph was extracted using a syringe and needle. The crab was sacrificed and 
the ovaries were harvested for the isolation of vtg. The ovaries were homogenized and purified 
through ammonium sulphate precipitation. The concentration of the vtg within the samples was 
determined using the Bradford Assay. A solution, consisting of vtg and Freud’s Complete Adjuvant, 
was injected into the BALB/c mouse to stimulate an inflammatory response. This was performed to 
generate antibodies against vtg. Prior to the initial immunization and subsequent to every 
immunization, a blood sample was collected from the mouse for antibody analysis. After the final 
immunization, the BALB/c mouse is sacrificed through cervical dislocation and blood was obtained 
through cardiac exsanguination. The spleen of the mouse was harvested and cells from the spleen 
were fused with Sp2/0-Ag14 cells to form hybridomas. Once fused, the cells were cultured and tested 
for antibodies against vtg. Enzyme-linked Immuno-Sorbent Assays (ELISAs) were performed 
identifying and isolating the cells that had highest affinity to vtg. Once identified, those cells were 
recultured and rescreened for affinity. Once the highest-affinity cells were isolated, the supernatant 
from each cell line was collected and tested for specificity and sensitivity. The SDS-PAGE was 
performed to isolate proteins based on their molecular weight. This serves as the preliminary step to a 
confirmatory test of specificity as well as protein identification. The proteins isolated via SDS-PAGE on 
the gel generated, was transferred onto a membrane for further analysis. These membranes were 
used to identify which cell lines expressed antibodies that were specific to vtg. 

Results and Discussion 

The blood samples collected from the BALB/c mouse were tested using and Indirect ELISA identifying 
affinity to vtg. The mouse splenocytes were fused with murine myeloma cells for the production of anti-
vtg-producing hybridomas. Screening was performed to identify cells were producing the required 
antibodies. This entailed identification of hybridomas that produced antibodies against vtg by 
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performing an ELISA. The hybridomas with the highest affinity were cloned and rescreened. Several 
cell lines, producing antibodies against vtg, were isolated and cryo-preserved.  
A Competition ELISA with a “free-antigen” dilution curve was performed to identify the sensitivity of the 
antibodies generated.  Male haemolymph, female haemolymph and purified vtg (pVTG) were used at 
the specified concentrations in the ELISA. The results of one of the cell lines are illustrated below: 

 
Figure 12: Antigen 3-fold dilution curve with antibody from cell line 2H4A3B4F7 using a competi tion 
ELISA as prescribed in the methods. Plates were coated with 10 µg/ml of pVTG diluted with PBS at 50 
µl/well. The secondary antigen concentrations were set as follows: male haemolymph and female 
haemolymph added at 100 µg/ml diluted in PBS, pVTG added at 20 µg/ml diluted in PBS. Secondary 
antigens added at 50 µl/well. 

Cell Line “A” displayed a near perfect correlation when the dilution curve of female haemolymph is 
superimposed on pVTG dilution curve. The male haemolymph illustrated no gender cross reac tivity 
with the antibodies generated by these cell lines. 

Conclusion 

Previous work has shown that vtg is a topic of interest in the monitoring of environmental pollution in 
several animal models, in the context of EDC detection. In a previously published work, vtg was 
characterised in Pimephales promelas (fathead minnow) (Parks, et al., 1999), Oncorhyncus mykiss 
(rainbow trout) (Marx, et al., 2001), Rana pipiens (northern leopard frog) (Selcer & Verbanic, 2014) as 
well as Chinemys reevesii (freshwater turtle) (Kamata, et al., 2005). Vitellogenin detection systems 
developed were able to detect vtg levels as low as 2 ng/ml (Kamata, et al., 2005), 3 ng/ml (Parks, et 
al., 1999), 5 ng/ml (Marx, et al., 2001) and 6 ng/ml (Selcer & Verbanic, 2014). Furthermore, when 
tested within their respective animal models, it was observed that vtg levels in the male species 
showed an increasing correlation in response to higher pollutant exposure. This clearly highlights the 
efficacy of vtg as an environmental biomarker in aquatic species and sheds l ight on the EDCs as a 
threat to the freshwater ecosystem. 
The detection of vtg within female haemolymph, using these antibodies, is of utmost importance as 
this allows the monitoring of vtg concentrations within Potamonautes species. Any effect that EDCs 
have on the production, secretion, uptake or breakdown of vtg can be identified using the antibodies 
generated. 
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Paper ID: 3803166 
 

Effects Of Selected Wastewater Effluent Discharge On Environmental And Biological 
Conditions Of The Vygekraal And Kuils Rivers Downstream Of Athlone And Zandvliet WWTWs 
Respectively. 

Felicia Magutyw a 

Central message  

All Wastewater Treatment Works (WWTWs) operations are subject to all applicable provisions of the 
National Water Act, 1998 (Act 36 of 1998). The discharge of inefficiently treated wastewater into 
receiving rivers may adversely affect river health and hence contravene the WWTW effluent discharge 
permit conditions. The aim of the study was to determine the current river health status for the 
Vygekraal and Kuils river reaches associated with various wastewater activities. The river health was 
determined through the assessment of present ecological conditions; including instream habitat 
assessment, water quality and benthic macroinvertebrates, upstream and downstream of the Athlone 
and Zandvliet WWTWs respectively. The objectives of the study were to (a) determine the effects of 
wastewater discharge on the water quality, abundance and composition of benthic macroinvertebrates 
and their habitats associated with Vygekraal and Kuils rivers (b) determine if WWTWs permit 
conditions are effective in supporting healthy river conditions. Materials and Methods Sampling was 
conducted upstream and downstream of the associated WWTWs. Benthic macro-invertebrates were 
sampled following the South African Scoring System method, which makes use of benthic 
macroinvertebrates as indicators of river health. The diversity of instream habitats were sampled using 
the Invertebrate Habitat Assessment System (IHAS), whereby the standard IHAS score sheet was 
completed on each sampling occasion and the various scores for the habitats assessed (stones in 
current, Vegetation, Other Habitat, Habitat Total, Stream Characteristics and Total IHAS Score) were 
generated. A YSI probe system was used for onsite measurements for selected water quality 
parameters such as the dissolved oxygen, pH, temperature and electrical conductivity.  Statistical 
methods were used for temporal and spatial scale analysis. In particular, the Analysis of Variance 
(ANOVA) using Statistica package was applied to compare the data acquired on all measured river 
variables upstream and downstream of the sites associated with selected WWTWs. Results and 
discussion The ecological parameters, SASS scores, number of taxa and ASPT generally varied 
between upstream and downstream of both WWTW's. These parameters were generally higher 
upstream of the WWTW's compared to the downstream sites. However, the habitat integrity upstream 
and downstream of both WWTWs was not affected by WWTW activities as more similar habitat 
conditions were measured. The difference in aquatic macroinvertebrates between these sites could be 
attributed to high inputs of organic matter or nutrient enrichment from point sources of pollution such 
as effluents from WWTW discharged into these rivers and non-point sources of pollution such as the 
pollution ingress from stormwater flowing into the river. However, it was unclear how much contribution 
was associated with each of the possible contamination source (i.e. WWTWs and other surrounding 
activities). Notably, all the sites were dominated by tolerant aquatic macroinvertebates such as 
chironomidae, with the absence of pollution sensitive aquatic macroinvertebrates, an indicative of 
polluted river conditions. Furthermore, the selected sites produced SASS scores less than 50 and 
ASPT less than 6, an indicative of a major deterioration in water quality (Chutter, 1998). Generally, 
there was no significant difference in conductivity, temperature and dissolved oxygen between the 
sites located downstream and upstream of the Zandvliet and Athlone WWTW although pH was an 
exception. This could be attributed to various anthropogenic factors resulting in increase in pH of 
receiving water bodies (Ngera, 2014). Both Kuils and Vygekraal rivers had significantly higher alkaline 
conditions. Alkali conditions are caused primarily by a high concentration of sodium carbonate 
(Springler, 1993). The alkalinity may also be attributed to certain industrial wastes or increased 
agricultural runoff. According to DWAF 1996, pH that supports a diverse range of aquatic fauna ranges 
between 5-9 and the recorded pH of the selected rivers falls within this range. Wastewater quality 
compliance does not always guarantee healthy river conditions as was the case for Kuils and 
Vygekraal rivers. The WWTW's treated effluent was found to be complying with the license conditions 
despite macroinvertebrates being severely affected. Therefore, the is a serious need to reconsider the 
purpose of WWTW effluent limits with the aim of river conservation than just compliance reasons as 
more rivers will be compromised.  
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Paper ID: 3748643 
 

Determination of organic pollutants in wastewater effluent in the Blesbokspruit, Gauteng    

K Maphakela*, W.A Augustyn **, R.I McCrindle **, S Combrinck ** 

*Tshwane University of Technology, Department of Chemistry, Pretoria, 0001, maphakelak@tut.ac.za/ 
kmaphakela@gmail.com  
**Tshwane University of Technology, Department of Chemistry, Pretoria, 0001, 
augustynwa@tut.ac.za, mccrindleri@tut.ac.za  
 **Tshwane University of Technology, Department of Pharmaceutical Science, Pretoria, 0001, 
combrincks@tut.ac.za  

 
The Blesbokspruit is one of the largest wetland catchments in Gauteng, occupying approximately 1 
858 km2 and extending 21 km that drains into the Vaal River, an important water source in the 
province (Du Plessis et al., 2014). The value of the Blesbokspruit River is attributed largely to the fact 
that it comprises a large wetland that serves to filter out harmful pollutants. However reports state that 
the wetland is concentrated therefore it does not filter as effectively. The Blesbokspruit wetland is 
surrounded by large areas of formal and informal urban development. The quality of water from this 
catchment has deteriorated over time, due to the deposition of mining and sewage effluents, as well as 
other pollutants arising from urbanization, in addition to industrial and agricultural growth within the 
catchment. Organic pollutants such as estrogenic compounds, antibiotics, antimicrobials have been 
detected in treated wastewater effluents (Roberts et al., 2006); these compounds are reported to be 
endocrine disruptive compounds (ECD) that can adversely affect endocrine and physiological 
functions in both animals and humans.  
 
The main objective of the study is to investigate presence of the organic ECD in wastewater and bring 
awareness of their concentrations.   

Materials and Methods 

Sampling will be done in the vicinity of wastewater treatment discharge points, therefore it is important 
to establish which wastewater treatment plant discharges their effluent into the Blesbokspruit River 
and as to the type  of wastewater is treated in that plant.  
Water samples will be sampled from the discharge points of seven wastewater treatment plants . The 
water will be sampled, in triplicate, in clean 2.5 L amber glass bottles with screw caps. Sample bottles 
will be washed thoroughly and rinsed three times with sample water prior to sampling. Once sampled, 
65 mg/L of 2-mercaptopyridene-N-oxide and 80 mg/L of ascorbic acid will be added in the samples, 
which will be stored in ice during transportation. Samples will be filtered through a 0.45 μm hydrophilic 
polypropylene membrane within 48 h of sampling and stored at temperatures <4 °C in the lab.  
Solid phase extraction (SPE) will be used to extract the analytes from the water samples using a C18 
10 mm/6 mL cartridge (Sigma Aldrich, Kempton park SA). The extraction will be done according to a 
method listed (ENVIRO-CLEAN®solid phase extraction applications manual). This method will be 
used to target hormones and antibiotics which will be analysed by liquid chromatography-mass 
spectrometry (Shimanzu Scientific Instruments, Maryland, USA). The hormone and antibiotic 
standards will be purchased from Sigma-Aldrich. Gas chromatography-mass spectrometry (Agilent 
Technologies, USA) will be used to determine hormones on derivatization with MSTFA (N-Methyl-N-
trimethylsilylfluoroacetamide) (Sigma-Adrich, South Africa) and othe semi-volatile organic compounds.  
Standards and derivatization agents used for method development and validation will be purchased 
from Sigma-Aldrich. Once the nature of the pollutants present in the water samples have been 
determined. 
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Results and Discussion  

To date, seven steroid hormones (estriol, estrone, equilin, testosterone, progesterone, androstenedione, 
and 17β-estradiol) have been identified from the seven samples, the concentrations of the hormones 
range in ng/L. Currently, We currently developing and validating method to analyze for antibiotics.  

Contributions of the work  

The study commenced from June 2016. To date, there has not been any literature on determining the 
presence and concentrations of the organic pollutants affecting the Blesbokspruit; to our knowledge. 
Several researchers reported on the inorganic pollutants introduced to the spruit through mine waste. 
However several studies report on the presence of organic pollutants (ECD) detected in several 
wastewater effluents. In South Africa, only few researchers (Western Cape) focus their study in 
determining steroid hormones in wastewater (Manickum et al., 2016). Part of this study is to determine 
the toxicity of the water, due to presence of these organic pollutants, using the zebrafish assay. The 
results obtained from the study will be made available to the department of water and sanitation so as 
to alert them of the water quality.   
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Paper ID: 3749732 
 

Human faeces as a potential bio-refinery feed-A review 

E Mary1,2, C.A Buckley1, A. Stark2  

1 Pollution Research Group, Discipline of Chemical Engineering, School of Engineering, University of 
KwaZulu-Natal, Durban, South Africa evamary333@gmail.com buckley@ukzn.ac.za 
2 SMRI Sugarcane Bio-refinery Research Group, Discipline of Chemical Engineering, School of 
Engineering, University of KwaZulu-Natal, Durban, South Africa starka@ukzn.ac.za 
 
Central message 
Globally, close to 9 million cubic meters of human excreta are produced per day; which,  apart from its 
energy content that is already being exploited for biogas production, contains a wide variety of chemical 
compounds which are of potential interest for up-cycling. Low-cost human excreta are presently 
underrepresented as a bio-based resource for the production of value-added products. Current 
challenges in unlocking the huge potential of human excreta for bio-refineries are a lack in knowledge 
on the molecular composition of human faeces and the mixing of faeces with water, urine, paper, 
pharmaceuticals, and personal care products directly at source, creating a demand for currently 
unavailable separation technologies for further downstream processing. This paper aims to summarise 
the current knowledge on the chemical composition of faeces to assess its potential as a feed in the bio-
refinery sector for the production of liquid fuels, chemicals and materials.  

 Materials and Methods 
This literature review provides a broad overview of the composition of human faeces; narrowing to detail 
the present knowledge about the chemical structure and quantities of various lipids, carbohydrates, 
amino acids and their polymers (peptides, proteins), minerals / trace elements and bile pigments. The 
components are interpreted by with their potential use as feed stock in a bio-refinery application. 

Results and Discussion 

Faeces are a complex matrix of physiological metabolites and components that cannot be hydrolysed 
and absorbed by the human gut, such as cellulose, insoluble proteins etc. The paper summarises the 
studies on the composition of human faeces by chemical structure, methods used to quantify, and 
classifies the known data within the groups of compounds (polysaccharides, lipids, proteins, lignin etc.). 
Overall, the composition of faecal matter is highly dependent on diet, environmental factors, host 
physiology and biological availability.  Healthy humans’ faeces consist of 75% water; in the residual 25% 
of the solid fraction, organic material makes up between 84% and 93%. This organic solids fraction can 
further be broken down to the fractions of 25–54% bacterial biomass, 2–25% protein or nitrogenous 
matter (in addition 50% of bacterial biomass is protein), 25% carbohydrate and any other non-
nitrogenous undigested plant matter, and 2–15% undigested lipids (Rose, Parker et al. 2015). The 
dissolved organic matter from an aqueous faecal extract contains solutes of molecular weight ranging 
from ~1,000Da to ~30,000Da. The presence of compounds with a Molecular Weight of 30,000Da or 
more suggest the presence of solutes of larger carbon chain length in faeces.  

Most of the literature studies the chemical composition of faeces in sum parameters such as total carbon, 
nitrogen, sulphur, moisture content, total protein, total lipids, total polysaccharides, Chemical (COD) and 
bio-chemical oxygen demand (BOD). These studies have established that faecal matter is high in 
energy, and contains complex molecules which include residues from digested food and components of 
ingested materials that have escaped digestion and/or absorption during transit through the 
gastrointestinal tract. The components with higher molecular weight reaching the human colon largely 
consisting of cellulose, hemicellulose, starch, pectin and lignin from the insoluble plant cell wall 
(Cummings and Macfarlane 1991), free and bound fatty acids such as palmitic acid (45.2%), stearic acid 
(22.3%), oleic acid (8.7%), myristic acid (6.6%), isomers of oleic acid (5.0%), lauric acid (3.3%), linoleic 
acids (2.0%), and 10-hydroxylstearic acid from undigested fats. Faecal protein is another high molecular 
weight chemical class of compounds determined indirectly from the total faecal nitrogen content of 
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faeces; it occurs in the form of undigested dietary protein, nucleic acids, protein from bacteria and shed 
intestinal mucosal cells as well as being present in secreted mucus.   

Contributions of the work 
This review paper consolidates the constituents of human faeces and classifies them according to their 
chemical classes such as polysaccharides, lipids, proteins, lignin and inorganics. This classification is 
further evaluated with respect to the existing chemical pathways of bio-refinery platform to assess the 
potential use of faeces derived chemicals. Potential new bio-refinery pathways are assessed by studying 
the properties of the chemicals in faeces. By reviewing the literature of the constituents of faeces, it is 
concluded that human faeces can indeed be used as a feed source for the production of specialised 
chemicals and materials. It also defines the gaps in knowledge where further work is necessary to fully 
elucidate the composition of faecal matter. 
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Paper ID: 3747982 
 
Evaluation of salinity risks to the river ecosystem in relation to agriculture practices and 
domestic wastewater discharge in the Kat River 
 
N. Mgaba*, P. Mensah**, N. Odume, N. Griffin 
khaya.mgaba@yahoo.com* , p.mensah@ru.ac.za**, n.odume@ru.ac.za,    n.griffin@ru.ac.za 
Rhodes University, Institute for water research,  
P .O Box 94, Grahamstown 6140 
 
Central Message 
Anthropogenic activities that have potential to increase salinity of the Kat River can impact negatively 
on the river’s ecosystem (Lerotholi, 2005). Therefore, this study focused on investigating the impacts 
of agriculture and wastewater treatment plant activities in the Kat River Valley catchment and how 
these affect the river’s salinity. 
 
Material and Methods 
Macroinvertebrates and diatoms biomonitoring, as well as water physicochemical sampling were 
conducted in selected sites (Sites 1 to 5, upstream to downstream) of the Kat River for one full 
hydrological cycle, from December 2015 to November 2016. Macroinvertebrates were sampled and 
analysed according to the South African Scoring System version 5 (SASS5), while diatoms were 
sampled and analysed according to Taylor et al (2006). Water physicochemical variables, including pH, 
EC, DO, temperature, turbidity and flow were measured on-site using appropriate meters and 
instruments. Furthermore, water samples were collected, carried to the laboratory and analysed for 
nitrate-nitrogen (NO3-N), nitrite-nitrogen (NO2-N), ammonium-Nitrogen (NH4-N) and orthophosphate-
phosphorus (PO4-P). Different statistical analyses were used to examine the water physicochemical, 
macroinvertebrate and diatom data in order to make relevant statistical comparisons between sites and 
seasons. 
 
Results and Discussion 
Results of the water physicochemical variables showed an observed deterioration in water quality, which 
also influenced macroinvertebrate assemblages at the downstream Sites 4 and 5, with a significant 
change in the assemblage structure compared with the upstream Sites 1, 2 and 3 (Table 1). High organic 
inputs also influenced macroinvertebrates assemblages’ structure; especially sites with high nutrients 
input were significantly impacted. The observed relatively high EC and nutrients are indicative of high 
salinity at those sites. Seasonally, SASS5 scores and ASPT (average score per taxon) values were 
higher in winter compared to summer for all sampling sites. The relatively few taxa collected in summer 
compared to winter may be attributed to the influence of high salinity due to high EC and nutrient levels.  
 
Table 1: Kat River physiochemical variables, SASS Score and ASPT Value data at five sampling sites 
(1-5) between two distinct seasons (summer and winter).  
  Site 1 Site 2 Site 3 Site 4 Site 5 

pH (5.07 – 7.9) (7.63 -8.55) (6.28 - 8.7) (6.81 - 8.68)  (6.93 - 9.55) 

EC (10.9 -13.9)                                                                    (19.-21.9) (11.8.26) (20.3-95.9) (16.7-61.4) 

DO (6.07-10.1) (7.5 -11.4) (6.51-16) (2.55-5.74) (5.08-6.9) 

Turbidity (4.94 – 34.4) (9.36-49.8) (12.5-33) (12.72-106)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 (10.5-100) 

TIN (0.071 – 0.90) (0.129– 1.056) (0.084 – 0.25) (0.85 – 4.93) (0.022– 1.501) 

Flow (0.27-0.58) (0.15-0.54) (0.06-0.31) (0.07-0.31) (0- 0.26) 

SASS Score (131-201) (154 -180) (139 -189) (22-91) (38-143) 

ASPT Value (5.92 - 6.65) (5.68 - 6.81) (6.09- 6.44) (2.53- 4.4) (3.16 - 5.3) 
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This study provides important information for the management of anthropogenic activities in the Kat 
River Valley that can potentially increase the salinity of the river. Agriculture activities, including irrigation 
by large-scaled citrus and avocado farmers, small-scaled crop and animal farmers as well as the Fort 
Beaufort Wastewater Treatment Works (WWTW) all have the potential to increase salinity of the river. 
Irrigation-induced salinisation can take a long time before it manifests as a problem to the aquatic 
ecosystem, especially with the phenomenon of decrease precipitation in recent years. Therefore, care 
should be taken with regard to irrigation in the catchment to minimise accumulation of salts in the soil 
and subsequent runoff into the river. Also, there must be an improvement in treating and controlling the 
wastewater treatment processes of the Fort Beaufort WWTW to ensure that discharged effluent meets 
the required standards, which will help to reduced salinity risk to the Kat River.  
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Paper ID: 3748896 
 
Diversity and dynamics of the bacterial community associated with a water distribution network 
receiving limited treated ground water 
 
K Moodley, S N Venter 
Department Microbiology and Plant Pathology, University of Pretoria, Pretoria, South Africa 
 
Central Message 
Ground water is widely believed to be of excellent microbiological quality and that only limited treatment 
is required to ensure the safety of the water. Few studies have addressed the microbial ecology of these 
systems (Maamar et al 2015) and little is known about the overall bacterial diversity and community 
dynamics within such a distribution network. Investigating the microbial ecology of these systems could 
play an important part in developing management strategies to ensure the microbial safety of drinking 
water from these networks. 
 
Materials and Methods 
Over a four month period a distribution network receiving ground water from two springs were sampled 
on a monthly basis. The water originated from two dolomite aquifers that were separated by a syenite 
dyke. The ground water was only chlorinated without any further treatment. Sampling points included 
the two springs, a reservoir after chlorination and a tap representing the reticulation section of the 
distribution network.  
Between 8 and 16 litres of sample were concentrated using Sterivex filters (Merck- Millipore). DNA was 
extracted from these samples and sent for classification by llliminaMiseq sequencing of the V4 
hypervariable region of the 16S rRNA gene, statistical analysis using Mothur and R  were used.  
 
Results and Discussion 
The bacterial community in both the  raw  water and distribution network after treatment was dominated 
by the Proteobacteria, with members of the genera Acinetobacter and Pseudomonas being the most 
dominant operational taxonomic units (OTUs) throughout the network. Members of the phylum 
Bacteroides was the second most dominant group. Although few cyanobacteria were detected in the 
source water their relative abundance increased to more than 10% in the final water sampled at the tap. 
Other genera that were mainly associated with the reservoir and final reticulation system included 
Planctomyces, Leptospira, Mycobacterium and some unclassified members of the Proteobacteria.  
This study has shown that some of the OTUs present in the raw ground water are unaffected by the 
chlorination process and represent the dominant members within the network. A tenfold increase in the 
level of bacteria was noticed between the raw water and the water in the reservoir and reticulation 
system. Some of the bacteria associated with this increase belonged to OTUs that were only detected 
in the distribution system and their  presence could likely be linked to the effect of biofilm growth within 
the network.  
 
Contribution of the study 
This study provided an overview of the diversity and dynamics of the bacterial community within a 
drinking water distribution system receiving ground water that has only been chlorinated. Ground water 
specifically is often perceived to be an untouched resource and understanding the microbial ecology of 
this source when treated and distributed for human consumption is  important. 
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Paper ID:3748524 
 
The evaluation of the variation in flow and cod over a 24 hour period at a wastewater plant 
presenting a potential opportunity to minimize total use of energy.  
 
ERWAT,kgothatsom@erwat.co.za, K,Malaka 
ERWAT,given@erwat.co.za, G, Hlongwane 
ERWAT,jabulaniC@erwat.co.za, JJ, Chauke 
ERWAT,lelentlem@erwat.co.za, LMM, Motaung 
ERWAT, leratom@erwat.co.za, L, Mathibela 
ERWAT, vincentm@erwat.co.za, V,Motshweni 
ERWAT, Ndivhuwo@erwat.co.za, N, Liswoga 

   

Central Message 
The significant differences in flows and strength (organic loading) of incoming raw water at a wastewater 
plant over a 24-hour cycle will be investigated. This paper seeks to present possible variation in flow 
and COD concentration to indicate a way to conserve energy. It is said that many forms of energy are 
used in a wastewater treatment plant which include electrical energy (Singh, Carliell -Marquet, Kansal, 
2012.) The relation between the total incoming flow and the strength (COD, Organic loading rate) of the 
influent will be investigated in this study as a way to ultimately present the opportunity to decrease 
energy consumption throughout the plant. 

 

Materials and methods 
Materials and equipment: 
 

 ISCO automatic sampling machine (serial no 
 Ultrasonic flowmeter 

Sampling Technique: 
 

 A sampling machine will be used to draw a minimum of 125ml sample into a 2L bottle every 15 
minutes to composite into a 2 hourly sample over a 24-hour period to acquire 12 composite 
samples. 

 Actual flowrate will be correlated to the sample intervals 

          Table 1: Laboratory analysis 
 

DETERMINAND METHOD NO. ANALYTICAL TECHNIQUE 
COD EL2 COLORIMETRIC(POTASSIUM 

DICHROMATE) 
TSS EL18 GRAVIMETRIC 

 
1. RESULTS AND DISCUSSION 

Table 2: Influent characteristic over a 24-hour period 

Time Flow(l/s
) 

COD(mg/L
) 

Suspende
d Solids 

COD 
Load(mg/
s) 

Flow(l/s
) 

COD(mg/L
) 

Suspende
d Solids 

 Day 1 Day 2 
12:00 
AM 

243.1 709 196 172357.9 178.8 
1429 531 

02:00 
AM 

129.8 379 202 49194.2 123.6 
762 128 

04:00 
AM 

120.8 627 311 75741.6 107.8 
1094 413 

06:00 
AM 

163.3 507 165 82793.1 137.7 
518 87 
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08:00 
AM 

317.4 582 114 184726.8 381.5 
546 89 

10:00 
AM 

528.8 971 412 513464.8 398.5 
485 82 

12:00 
PM 

355.6 1278 271 454456.8 397.3 
973 154 

02:00 
PM 

375.2 977 344 366570.4 324.2 
911 339 

04:00 
PM 

346.2 1136 568 393283.2 326.2 
1184 495 

06:00 
PM 

206.7 752 239 155438.4 250 
1113 271 

08:00 
PM 

292.9 663 249 194192.7 260.1 
905 270 

10:00 
PM 

232.6 593 176 137931.8 223 
574 132 

 

 
Figure 13 

The table above shows a direct proportionality between COD and Suspended Solids. At a point where 
your suspended solids are escalated, the COD content is high. The results also indicate that when flow 
increases the COD content also increases. This can be attributed to the dilution factor of the domestic 
water and the make-up of the wastewater. If the water contains a higher volume of industrial effluent 
(which can be expected at peak hours) the composition of the influent changes and the dilution factor 
cannot play a significant role. During off-peak hours, the flow seems decreased and this may be as a 
result of the reduced industrial activity, what is evident is that the COD is also reduced. This brings into 
perspective the issue of domestic wastewater being more dilute than industrial flow.  
 

Contribution of the paper 
Streams going into the inlet of a wastewater treatment plant include both industrial and domestic waste. 
The typical scenario would imply that domestic waste flow decreases in a residential area during the 
day because an escalated number of people are away from home during the day. In the afternoons, as  
people arrive home from work the activities increase at home and thus more domestic wastewater is 
received from home. This change in flows and characteristics presents a decreased energy input need 
when coming to treatment. As the quality moves towards a more dilute state, the effluent requires less 
treating and presents an opportunity to adjust your treatment units to accommodate the flow and quality. 
The issue of dilution from rain, hail etc. could also play a role in this and the study could have been 
conducted over 14 week period to make a valid conclusion.  
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Paper ID: 3794505 
 
Modelling the impact of LID measures on reduction of CSO of the New Maelbeek  
 
C. S Muhirirwe*, W. Bauwens**, N. R. Helmi***  
 
* Student, KU Leuven, muirirwe@gmail.com , ** Supervisor, VUB, wbauwens@gmail.com, *** Daily 
supervisor, VUB, faraznahad_rh@yahoo.com  
 
 
Central message  
Combined sewer overflows (CSO) are a major problem to water resources. These overflows largely 
impact the quality of receiving water bodies especially during rain events. Low Impact Development 
measures (LID) can be integrated into any urban setting to cope with the increased runoff from 
impervious areas through processes of detention, infiltration and evapotranspiration. Nevertheless, the 
impact of these measures on CSO reduction of the New Maelbeek (NM) has not been studied. This 
research presents the effect of green roofs, permeable pavements and cisterns in reduction of CSO of 
the NM. The catchment is 2380ha large. The model calibration is done in sections starting from the 
most remote part of the catchment till the outlet. The model is simplified to reduce on the computation 
time. The use of detailed Storm Water Management Model (SWMM) is not necessary to investigate 
the performance of LID measures based on quantity for the NM catchment.  
 
Materials and Methods  
LID measures are modeled both in a conceptual approach and by use of the LID SWMM module. The 
study area extent and catchment components and their representation is done in the SWMM model. 
For large models, it is easier to calibrate the model by cutting out small bits starting from the most 
remote place to the final outlet and re-joining the model later. CSO modelling requires fine resolution 
data due to the temporal sensitivity of overflows. The highlights of the configuration of the network and 
the extents of challenges are represented in the model. The calibration starts with a sensitivity 
analysis, using event simulations, aimed at understanding the behaviour of the catchment. Thereafter 
a calibration using long time series is done. The model is simplified by the merging of conduits so as to 
reduce the simulation time. Application of LID is defined in a lumped/conceptual approach and by use 
of LID module of SWMM. To study the impact of LID in a faster way, the lumped approach is 
considered. The approach to LID is by increasing storage, infiltration and percentage pervious through 
implementing cistern, permeable pavement and green roof LID measures and finally recommending 
the best integrated LID practice. Evaluations of performance is based on reduction in annual CSO 
volume, number of events and reduction in volumes of selected events.  
 
Results and Discussion  
The performance of green roofs and permeable pavements in the either approaches are similar. The 
SWMM LID module shows a better reduction in CSO compared to the use of conceptual approach. 
Cisterns could not be well modelled using the conceptual approach due to the limitations in the loss 
processes that are by only evaporation. The SWMM LID module is used in this study for the detailed 
analysis  
 
Using the SWMM-LID module, implementation of cisterns has the largest effect in reducing CSO. With 
the use of cisterns, the water resources are more protected from the frequent overflows. The overflow 
volumes, peaks and frequency of occurrence of CSOs reduces. CSO volume reduction based on 
event analysis varies between 20.6% and 93% with implementation of cisterns. The number of events 
reduce by 23%. Cisterns of 6000l per 100m2 of roof area are the most effective in CSO reduction. 
During summer there are more overflows resulting from higher intensity rains. The demand for water is 
also high during this period and with water harvesting, the need for CSO reduction is compensated for. 
The effectiveness of cisterns largely depends on the availability of storage before each rain event. This 
makes proper drainage of the cistern a key element in modelling this type of LID.  
Generally, permeable pavements showed a larger degree of CSO reduction especially for large events 
compared to green roofs for the same area of coverage. Permeable pavements reduce CSO volume 
of the largest event by 14% while green roofs reduce the same event by 9%. Green roofs performed 
better in small events with a reduction of 54% compared to permeable pavements of 49% reduction in 
CSO volume. The reduction of large events for all measures is minimal, implying, these measures 
cannot be fully relied on for flood control but rather, they perform better in areas with low rainfall 
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intensities. It is better to assess the performance of LID measures based on the CSO volumes rather 
than the number of events. A combination of the three LID measures (i.e. cistern, green roof and 
permeable pavement) showed a CSO volume reduction of up to 57% and it is the most effective 
scenario. The number of events were also reduced by 25%. The combined scenario integrates the 
need to increase storage, pervious area and depression storage in the catchment in order to reduce 
the CSO. The drawback of this scenario is that no cost optimization was done to develop it, but it was 
rather created based on CSO volume and number of event reduction. It is the most effective way to 
reduce the CSO through a combination of the different LID measures to achieve large levels of CSO 
reduction. These LID measures have no significant impact on large events, however, the reduction of 
annual CSO volume is appreciable for such a catchment. The level of reduction is better appreciated 
after analyzing the impact of these LID measures on water quality to conclude that these measures 
are a worthwhile investment for the NM catchment.  
 
Contributions of the work  
CSO can be detrimental to the quality of receiving water bodies. There is a need to control these 
overflows and reduce runoff through providing larger storage capacity and increasing pervious area by 
use of LID measures. This research provides a model that can be used to study the behaviour of the 
CSO from a 2380 ha catchment of the New Maelbeek. In this study the model is used to analyze the 
CSO in terms of quantity. It can be further developed for the quality analysis. Precise data is required 
to have a more representative model.  
 
The model is adapted to include only subcatchments in the NM catchment. The quantity simulation 
results show that the catchment quickly responds to rainfall, a typical behaviour shown in the rising 
limbs of the hydrographs. The poor calibration of the recession limb is one of the major shortfall of this 
model. The calibration results show that flows at all gauging stations are simulated within the allowable 
limits of NSE greater than 0.5 and a PBIAS lower than ±20%. Though the calibrated results are 
acceptable, there was consistent over estimation of flows at major calibration points. The overflows 
are overestimated by 7% and this can be attributed to the poor calibration of the recession limb. The 
highest number of overflows occur during summer.  
 
The over estimation of flow can be attributed to the poor estimation of DWF. The methodology used in 
to estimate DWF is also tedious and rather time consuming. It is recommended that the DWF are 
assessed based on the population density of each subcatchment to overcome these challenges. It is 
recommended that since the subcatchments are lumped and are quite large, to overcome the problem 
of poor representation of the recession limb, they could be split into high slope and low slope 
subcatchments. However, this creates more model parameters, hence more model uncertainty. The 
model structure can also be modified to include the small branches to avoid the recession limb 
problem and then the impact of model simplification on the water quality simulations assessed.  
The application area of permeable pavements in this model is quite small due to the limitation of cost 
and insignificant differences in CSO control even at larger areas. However, pavements show a good 
performance for large events. The performance of permeable pavements can be further improved by 
increasing the underdrain offset height, this would allow for more infiltration. Finally, it is recommended 
that the impact of the proposed LID measures on the quality of overflow be investigated. It is after the 
investigation that their impact on water quality that they can be deemed fit to be implemented in the 
NM catchment.  
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Modeling historical changes in nutrient delivery and water quality of the Zenne River (1790s-2010): 
The role of land use, waterscape and urban wastewater management 128, 62–76.  
Rossman, L.A., 2005. Storm Water Management Model User’s Manual.  
Zhao, D.Q., Chen, J.N., Wang, H.Z., Tong, Q.Y., Cao, S.B., Sheng, Z., 2009. GIS-based urban 
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Paper ID: 3749120 

Preliminary Mass Balance at a Black Soldier Fly Larvae Faecal Sludge Treatment Facility in 
Durban, South Africa  
E T Mutsakatira*, C A Buckley*, S J Mercer*and R C Sindall*  
*Pollution Research Group, University of KwaZulu-Natal, Durban, 4041, South Africa, 
*emutsakatira19@gmail.com, *buckley@ukzn.ac.za , *mercer@ukzn.ac.za , *sindallr@ukzn.ac.za  
 
Central Message  
eThekwini Water and Sanitation is initiating a campaign to begin in 2017 to empty the approximately 
80,000 Urine Diversion (UD) toilets in Durban. Khanyisa Projects, with funding from the Bill & Melinda 
Gates Foundation, are investigating the treatment of 20 tonnes per day of faecal sludge (FS) at a 
black soldier fly (Hermetia illucens) larvae facility at Isipingo Wastewater Treatment Works.  
A preliminary mass balance of the Isipingo facility was carried out to assess the viability of this 
process. Undertaking a mass balance provides insight into the process and yield of the products.  
 
Materials and Methods  
A 72:28 w/w mixture of faecal sludge and food waste (≈20 kg) was used in which ≈20 000 four-day-old 
black solider fly larvae were added and monitored for 12 days. They were four replicate trials.  
Samples approximately 200 g samples were collected at the beginning and end of the experiment. 
They were analysed for total solids, moisture content and ash. Once every three days the 
physiochemical parameters (pH, food depth and temperature) were recorded. A mass balance of the 
total organic content measured as volatile solids, water and ash was performed. The conversion of the 
process was determined by calculating the relative volatile material reduction and waste to biomass 
ratio.  
 
The organic matter in the trials was assumed hence the chemical formula CxHyOzwas used to 
calculate the oxygen required by the growth of the larvae and carbon dioxide and water released.  
 
Results and Discussion  
Physiochemical properties  
Table 1 shows the change food depth, total solids and volatile solids at the beginning and end of the 
experiment.  
The food depth decreased by 31.7 %. The organic content measured by volatile solids significantly 
reduced by 6 %. There was an increase in temperature from 28.4 °C to 31 °C. There was 
approximately 15 % loss of larvae, which were escaping from trials.  
 
Material conversion  
Based on the mass balance shown in Figure 1, the relative waste reduction was 33 % on a wet mass 
basis and 39 % relative waste reduction on an organics basis. The waste to biomass of the larvae 
conversion was a mean of 10 % (g live larvae/g wet mass added) and 43% based on the volatile solids 
of larvae/change in volatile solids in dry feed.  
 
Banks et al. (2014) achieved a bioconversion of 22.9 % (g live larvae/g wet mass added) on a wet 
basis in 12 days when fresh human faeces were fed to black soldier fly larvae. However, no 
characterisation of the feed was done in the paper to show the change in physiochemical parameters. 
The low wet bioconversion observed in this study could be due to low nutrient value of the feed and 
the loss of the larvae. The low relative waste reduction and bioconversion could be affected by feeding 
rates, larval density and environmental conditions. The duration of the experiment is factor to the low 
relative waste reduction and bioconversion as the larvae were still feeding when the experiment was 
stopped before reaching steady state. As the experiment progressed a strong odour of ammonia was 
noted.  
 
Contribution of work  
This study is a preliminary step in determining the engineering of the biotransformation process using 
black soldier fly larvae technology in determining the relative waste reduction and bioconversion of the 
larvae from faecal sludge. The lessons learnt will enable the design of complete experiments. This will 
require further development of the mass balance to include nutrient mass balance, to increase 
accuracy and to use a maintained system. This work falls under the theme of water innovation as it 
tackles the challenges of faecal sludge in Durban and treats faecal sludge as a resource recovery. The 
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implementation of the full-scale facility using black soldier fly technology will promote the use of faecal 
sludge as a resource recovery option 
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Paper ID: 3748957 
 
 Vertical constructed wetlands performance improvement – comparison of different media 
grade curves  
 
*Rennia Mwenje, *Preyan Arumugam, ** Goitom Adanom, *Christopher. A. Buckley  
* Pollution Research Group, School of Engineering, University of KwaZulu-Natal, Durban, 4041, South 
Africa, renniemenje@gmail.com, preyana26@gmail.com, buckley@ukzn.ac.za  
**School of Agriculture, Earth and Environmental Science, University of KwaZulu-Natal, 
Pietermaritzburg, 4041, South Africa, adhanom@ukzn.ac.za.  
 
Central message  
This study falls under Water and Management theme and is based on the grade curve of a current 
vertical flow constructed wetland (VFCW). The aim is to select media for a VFCW treating 
anaerobically treated domestic wastewater of a decentralised wastewater treatment system 
(DEWATS) in Durban, South Africa. It is speculated that high voidage media in the bed promotes high 
permeability reducing performance, in parallel this media promotes denitrifying bacteria. Media 
selection in constructed wetlands is, therefore, an important design parameter. This study determines 
an available media that reduces clogging and increases retention, thereby improving performance.  
 
Materials and methods  
To analyse water flow through the soil, which is controlled by the size and particle packing, a sieve 
analysis of the filter layer and entire depth of the VFCW was conducted. In addition, different 
commercially available sand (unwashed river sand) and gravel media sourced from local suppliers 
were particle-size analysed (Figure 1).  
 
The media was packed and layered into 50 mm cylinders for a depth of 1.8 m. The constant head 
method was used to measure saturated hydraulic conductivity (Ksat) of the layered soils by Darcy’s 
equation (Bear, 1972). Samples were connected to a permeameter at three different head levels (low-
head:0.81 m; medium-head: 1.34 m and high-head: 1.93 m respectively with varying period in 
between). The flow rate from each sample was measured and recorded. The controlled outflow 
method (Knight & Kotha, 2001) was used to determine water retention which is the relationship 
between capillary pressure heads and the water contents of a porous media. Samples were placed in 
a cylinder and saturated with water under vacuum. The saturated samples were placed inside a 
controlled outflow cell. Pressure was increased successively from 0 to 1 bar to allow a predetermined 
amount of water to drain out of the samples via stopcock of the burette. The stopcock was closed to 
monitor the equilibrium between pore water pressure and applied pressure. Samples were then 
removed and weighed before and after oven drying to calculate the water content in the sample.  
 
Results and discussion  
The sieve analysis showed that the VFCW had more of bigger particle media thus the high 
permeability obtained from Ksat tests (Figure 1). Plaster sand had more of fine to medium particles 
while Umgeni sand had more of medium to coarse sand (Figure 1) thus, plaster (A) and Umgeni (B) 
sands gave lower and higher permeability respectively compared to the current media (H). The 
average Ksat values (Figure 2) were obtained from averaging low, medium and high head Ksat values 
since some values were affected by media instability with migration of fines. Selection of the suitable 
media was made by comparison with Ksat values of the current VFCW media. Sample F and B would 
be inappropriate as media due to high permeability higher than the current media (H). Samples (A and 
C) are inappropriate to use as they might result in clogging and ineffective nutrient transformation 
respectively. Samples (D and H) had almost similar Ksat values thus fortifying the use of sample D as 
a media. Samples E and G had Ksat values almost similar both lower than H and at the same time 
lower than A therefore would be appropriate to implement as media as water retention would be high 
enough to improve nutrient transformation but low enough to prevent clogging. Sample E was 
suggested to be the suitable media as not only does it have high retention properties but also has a 
gravel layer, which would promote denitrification. Genuchten soil properties were obtained from 
simulating a retention curve (Table 1). They show sample porosity. In addition, parameters for 
selected sample will be used for Hydrus software in solute transport modeling of pilot trials.  
 
Contributions of the work  
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Generally, selection of media in VFCWs is often limited to coarser materials to reduce clogging 
(reduction in permeability in saturated media). However, this leads to higher permeability thereby 
reducing performance. Feasibility of media layering before media implementation and the use of finer 
media in VFCWs is not common  
 
due to clogging. However, the use of finer sands is possible if proper gradation is used and intermittent 
feeding achieved. Higher retention rates lead to greater contact time leading to improved nutrient 
transformations improving performance. From conducted experiments, samples were affected by 
media instability of fines resulting in clogging in some samples thus experiments might need to be 
repeated and conducted in longer durations. It is unclear why the Ksat of sample C was lower than 
expected and retention of sample A and E were lower than expected. Despite this, the most 
appropriate media gradation was found to be E and will be tested in pilot-scale VFCWs constructed at 
the DEWATS plant. One of the lessons learnt was instability of media due to migration of fines.  
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Paper ID: 3802743 
 
 Analysis of Groundwater Historical Data to Determine the Trends of Lead, Manganese and 
Iron: A Case Study of Brooklands, Simon’s Town  
 
Authors: Dr. R. Magoba*, S. S. Nethenzheni**,  
*City of Cape Town, Scientific Services Branch, Address: Off Jan Smuts Drive, Athlone, 7764, email: 
Rembu.magoba@capetown.gov.za  
** City of Cape Town, Scientific Services Branch, Address: Off Jan Smuts Drive, Athlone, 7764, 
shane.nethenzheni@capetown.gov.za  
 
Background  
On Friday 3 March 2017, a local disaster was duly declared and promulgated in the Provincial 
Newspaper as a result of a drought crisis. June 2017, level 4 water restriction was implemented due to 
continuous lack of water and declining of Cape Town dam levels. Table Mountain Group Aquifer 
(TMGA) has been in the mouth of many people from different sectors which include academic, 
residence and private consultants as a solution to some extent to Cape Town water disaster. There 
are many questions that the public asks relating to the use of TMGA as a possible portable water 
resource. The questions include: 1. Can the public drink groundwater directly from the boreholes in the 
vicinity of Brooklands, Simon’s Town? 2. Can the City of Cape Town consider Groundwater in the 
same vicinity as an alternative water source?  
 
Therefore, this report will focus on the assessment of groundwater quality status for TMGA in the 
vicinity of the two (2) Brooklands monitoring Boreholes. Specifically, analysis of Groundwater historical 
data to determine the trends of metals but focusing on Lead, Manganese and Iron so that the health 
risks associated with consumption of such groundwater is well understood.  
 
Description of Intervention  
Historic data (Jan 2010 – Jan 2013) for groundwater quality associated with two Brooklands testing 
boreholes near Simon’s Town was interrogated to depict trends of the selected three water quality 
determinands (i.e. Lead, Manganese & Iron). These were chosen based on their significantly higher 
number of “out of specifications” results and potential effects on human.  
Brooklands borehole 1 (BH1) is located outside the treatment plant premise. The borehole is more on 
the valley (along the catchment) or low elevation compared to another borehole (BH2) and also 
relative to the road. There is infrastructure already that allows the water to be pumped from the 
borehole to the treatment plant, which includes the pipes and electrical motor switch next to the 
borehole. The borehole is more than 150m deep. Looking deep into the borehole there is water visible 
to show that the water level is relatively high and is not too far from the surface.  
Water from the borehole is continuously running and is discharged to the river and then to the ocean 
so the results or samples collected from this borehole is a true reflection of current groundwater quality 
of the area. Water from this borehole has high metal content as it can be seen on the pipes and also 
on the water. The depth of this borehole is approximately 150m. Water contains brownish to reddish 
stains that is possibly Iron, Manganese, Lead and Zinc. Pipes transporting this water to the river are 
also stained to show high level of metals.  
 
Results and discussion  
Iron and manganese in drinking water are not naturally considered health hazards although they are 
associated with various health effects when they exceed the drinking water standards. Excessive iron 
and manganese were recorded from Brooklands Boreholes and were extremely higher compared to 
the national drinking standards .  
 
Overall, the detected levels of manganese & Iron in Brooklands groundwater (Boreholes) was very 
high (100% of samples) compared to the drinking water standards (SANS 241-1: 2015) possibly due 
to the ubiquity of manganese in soil and rock associated with TMGA (Figure 3 and 4). However, the 
lead levels detected in groundwater were generally below levels of public health concern (SANS 241-
1: 2015).  
 
Several methods of removing iron and manganese from water are available. The most appropriate 
method depends on many factors, including the concentration and form of lead/iron/manganese in the 
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water, and water quantity to be treated. It is not recommended for the public to drink groundwater 
directly from the boreholes in the same vicinity to minimize potential health effects associated with the 
consumptions of drinking water with high levels of Lead, Manganese and Iron.  
 
Contributions of the paper  
This report gives a clear picture of the historical and current chemistry trends of the TMGA 
groundwater. The study also answered most of the questions that most people ranging from residence 
to academia had about the condition of TMGA groundwater quality and if it can be used to supplement 
our available portable water.  
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Paper ID:3807255 
 
Participation and Learning in Water Quality Management:  A case of Mpophomeni, KwaZulu-
Natal, South Africa 
*T. P., Rimau ** B.A., Nkhata      
*Monash South Africa, Water Research Node, Private Bag X60, Roodeport 1725, South Africa. Email: 
tinashe.rimau@monash.edu 
** Monash South Africa, Water Research Node, Private Bag X60, Roodeport 1725, South Africa. Email: 
bimo.nkhata@monash.edu 
 
Central Message  
 There is an increase of water pollution due to the proliferation of informal settlements putting pressure 
on the infrastructure and service delivery such as the case of Mpophomeni. The situation is further 
worsened by the agricultural activities in the area. Citizen science projects can be used to promote 
community participation and address insufficient institutional capacity in water quality management.  The 
involvement of volunteers in research is the broad definition of citizen science (Dickinson et al 2010). 
The operationalized definition of citizen science in this study is the involvement of volunteers in water 
quality monitoring also referred to as participation.  
 
There’s growing evidence that communities are participating in citizen science. However, the question 
that still remains is whether this participation leads to any change in behaviour and involvement in 
decision making processes in water quality management. Participation has also been influenced by the 
need to address decision –making inequalities that prevailed during the Apartheid area (Boakye and 
Akpor 2012).Thus citizen science becomes an avenue for community members to participate in water 
quality management. 
 
This paper proposes that participation in citizen science projects does facilitate learning which promotes 
behaviour change and involvement in decision making processes in water quality management in 
previously disadvantaged community participants. 
 
Materials and Methods 
Mpophomeni was chosen as case study to assess our hypothesis because of its unique position in the 
uMgneni catchment particularly its relation to Midmar Dam. Though the township constitutes only 3% of  
Midmar Dam’s catchment area, it contributes pollution levels as high as 51% of E. coli and 15% of 
phosphorous load disposal (SANBI, cited in Kolbe, 2014). Mpophomeni, like many other township areas 
in South Africa, has a historical background of segregation and poverty which are elements that are 
sought to be addressed by the mandatory participation advocated by the South African Acts. The 
Mpophomeni township community was segregated from decision-making within the greater uMngeni 
catchment area.  A qualitative study approach was used in order to understand whether participation in 
citizen science project facilitates learning which promotes behaviour change and involvement in decision 
making processes in water quality management in previously disadvantaged community participants.  
Data was collected using face to face semi-structured interviews, observation and secondary data. 
Purposive sampling was carried out drawing participants from Duzi-uMngeni Conservation Trust 
(DUCT) and Wildlife and Environmental Society of South Africa (WESSA) active Non-Governmental 
Organizations (NGOs) running citizen science projects in the community. Also participants were drawn 
from the community selecting volunteers in Enviro Champs a local community citizen science project. 
Residents who have stayed in Mpophomeni for at least five years and not  been part of any initiatives 
were also selected. Sample size was achieved through data saturation.  The thematic analysis was used 
to determine reoccurring themes in the data 
 
Results and Discussion 
 Incentives were the initial motivation behind the participation of most of the volunteers, though 
participation led to learning facilitating behaviour change which resulted in genuine interest in water 
quality management. Observation of the genuine interest was noted by the eagerness and awareness 
of the volunteers to discussions water quality related issues as well as the shared stories of their 
achievement in reducing the spilling manholes.  The volunteers also were eager to share the need to 
preserve water quality through street theatre initiatives as well as door-to door engagement. The 
volunteers also had influence on some of the decisions made with the community as they attended and 
presented in community meeting called “war rooms” in which they engaged with government 
representatives and policy makers. The majority of the community however did not participate in the 
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projects continued in practices that lead to water pollution such as illegal dumping. They expressed 
exclusion in the decision making procedures that occurred within their community those that did 
highlighted concerns of not being invited to join the initiatives. Participation in citizen science water 
quality management projects leads to learning which allows for behaviour change and involvement in 
decision making towards water quality preservation. 
 
Contribution of the paper  
The use of citizen science in water quality management is a subject that has sparked a lot of attention 
of many researchers. Nonetheless, literature is limited on how participation of local communities in 
citizen science affects learning which facilitates change in behaviour and enhances decision making in 
water quality management. The study thus adds knowledge on the value of participation in promoting 
learning which results in behaviour and involvement in decision making change towards water quality 
management. 
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Paper ID: 3749844 
 
 Development of an Algorithm to Improve Water and Sanitation Data Collection in Dispersed 
Rural Communities in Mexico Using R software.  
 
J.A. Ríos Hernández*, A. Pérez Foguet*  
*University Research Institute for Sustainability Science and Technology, Civil Engineering School, 
Polytechnic University of Catalonia, Campus Nord, C2 building, Jordi Girona St. 1–3, 08043, 
Barcelona, Spain.  
(Email: julio.alejandro.rios@estudiant.upc.edu; agusti.perez@upc.edu)  
 
Central message  
The dispersed rural context has no particular definition; however, it´s generally associated to 
settlements with low population density and a small number of households (Mejía et al., 2016). From 
the point of view of statistical data collection, these community sizes are too small to define useful 
samples sizes with standard levels of statistical significance (Vivanco, 2005). Communities should be 
sampled almost completely. The above, along with the problems of accessibility that these 
communities usually have, causes that in many cases, monitoring and evaluation systems in the water 
and sanitation sector do not incorporate them in an adequate way. To partially solve this  problem, it́ s 
proposed through an algorithm the aggregation of these small settlements with others communities at 
close distance creating geographic clusters, in order to achieve a higher minimum population value. 
Consequently, it´s possible to formulate sampling schemes for these communities groups, facilitating 
data collection for monitoring purposes.  
 
Materials and Methods or Description of Intervention  
The method consists of an algorithm that, starting from a set minimum value for community size, 
sequentially analyzes the settlements that are below this value and combines between them, or with 
the other settlements, which sizes are above size threshold. Criteria based on physical proximity 
between communities are used for this aggregation. This allows obtaining a catalog of clusters of 
nearby communities with higher size values than the previously established. Although this does not 
imply obtaining significant estimates for the dispersed rural context, it allows providing adequate 
results in the group of communities. The algorithm has been developed using R software for 
quantitative data analysis as well as for geographic information handling.  
The procedure has been applied to a case of real interest, the municipality of Culiacan located in the 
Mexican state of Sinaloa. Demographic information of the communities under study was obtained 
through the census performed in 2010 by the National Institute of Statistic and Geography of Mexico 
(INEGI) while geographic and administrative information of the area of interest was provided by the 
Municipal Planning Institute of Culiacan (IMPLAN).  
 
Results and Discussion  
The algorithm was applied to 986 rural settlements, 50% of these communities presented populations 
less than 10 inhabitants (INH), in the same way, more than three quarters of these settlements (77%) 
didn´t exceed 100 inhabitants. The analysis was implemented through simulations, using different 
threshold values of dispersed community found in the literature. In order to estimate the number of 
households (HH) in the new clusters, the criterion of 4 inhabitants per dwelling obtained from INEGI 
was considered.  
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Table 1 shows that by increasing the threshold value of community size, the number of created 
clusters drastically decreases. In all cases, the average distance between aggregated communities 
was below 3 km. Case B allows working with 274 clusters, getting a reduction of 72% of the initial units 
of study compared to case A; however, a very small minimum of households is still obtained (25 HH). 
Case C created 194 clusters, obtaining a reduction of almost 80% compared with case A, a minimum 
size of 50 dwellings was obtained that makes practical the application of some sampling technique 
without compromising geographic representation as observed in Figure 1. In Cases D and E few and 
bigger cluster were created but it should be noted that, by working in this way, the generated results 
would be more significant at group level rather than community scale.  
The method doesn´t guarantee that the new clusters include undesirable situations such as consider 
in the same cluster, communities of different districts. For this reason, the algorithm was applied in a 
similar way to different sub-areas within the interest zone. Specifically, all districts of the municipality of 
Culiacan were analyzed separately. Then, the results obtained have been compared with those get 
when applying the algorithm to the whole municipality. It has been found that, disaggregated partition 
allows overcoming the problem of the clusters that mixed different administrative areas.  
 
Contributions of the work  
Nowadays, development programs in water and sanitation sector have based their efforts mainly on 
concentrated rural communities instead of dispersed settlements. The main reason is that the 
endeavor that institutions have to dedicate to obtain results is infinitely greater than the required in 
concentrated communities. In consequence, dispersed settlements are at a disadvantage due to their 
low population density and the small number of households. Therefore, an algorithm was developed 
that enable the aggregation of these settlements with other nearby communities with the objective of 
create geographic clusters that present higher minimum size values. This will allow the manipulation of 
these clusters in an analogous way in the same manner as if they were rural settlements with 
nucleated pattern, facilitating the processes of data collection for monitoring of the water and 
sanitation services.  
The technique was applied to the municipality of Culiacan in Mexico. 4 simulations were developed 
using different threshold values found in the literature. In all cases, significant reduction in the initial 
units of study was observed. Because water and sanitation services in this case are managed at 
district level, it was necessary to incorporate the administrative division to the algorithm. It has been 
verified that the algorithm works correctly and the results obtained are consistent both at municipal 
and district level. For future work is intended to update the algorithm so that it can take into account 
automatically geographic elements of the study area in the clustering process. This will allow, for 
example, not creating clusters that include communities located on opposite margins of rivers or  
mountain.  
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Paper ID: 3749652 
 

The configuration of the East Rand Basin surface runoff model used for source apportionment 
studies  

AJ, van Schalkwyk 

North West University, 11 Hoffman street, Potchefstroom, drian.vanschalkwyk@nwu.ac.za 

Central message (11 p Times new Roman) 

Numerous mines have been operating in the East Rand Basin (ERB) since the 1940s. Most of these 
mining activities have since ceased and the mines are busy flooding. If decant of acid mine drainage 
takes place, treatment options will have to be implemented to retain water quality objectives. However, 
the apportionment of responsibility for the decanting mines is a major management concern. An 
integrated modelling approach between mine water, groundwater and surface water is required to 
make predictions surrounding future water quality; and more importantly, to determine each mine’s 
portion of responsibility, should decant take place.  
The focus of this study is only on the development and configuration of an appropriate surface water 
model of the ERB to be interfaced with existing mine flooding and groundwater models of the area.  

Materials and Methods or Description of Intervention (11 p Times New Roman)  

To successfully set up a surface runoff model that would accurately simulate reality, various datasets 
from various sources had to be consulted. Data such as geology, climate, vegetation, soils, hydrology, 
hydrochemistry/geochemistry, and anthropogenic aspects were used as input parameters to set up the 
surface runoff model. In areas where the required data could not be obtained from existing sources, 
field measurements were taken. This included cross-sectional measurements as well as water quality 
sampling. All data collected were organized into a manageable database for analysis.  
On analysing the collected data, it was found that large portions of the data were incomplete, which 
rendered it useless. Although this presented a challenge, enough useful data were obtained and 
reworked in such a way to be introduced into a modelling platform. Following a systematic approach of 
reviewing all the available models from various sources and taking into account availability of data and 
all the key features needed for this study, the Storm Water Management Model (SWMM) was selected 
as the preferred modelling platform.  
Once the model has been set up, calibration and a sensitivity analysis of input parameters was 
performed. To test the performance of the calibrated model in terms of whether or not the model can 
make accurate predictions, the model was subjected to a validation process.  

Results and Discussion (11 pt Times New Roman) 

Comparing simulated flows from the calibrated model to observed flows obtained from field data in 
terms of average monthly flows, indicates a correlation of 78%. 
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Figure 1. Correlation of average monthly flows 
The application of the calibrated model for source apportionment is illustrated through the use of an 
example scenario. When pumping at a mine is ceased and decant takes place, an additional sulphate 
load is introduced into the system for instance. This load can either be predicted or measured when 
decant is already taking place. With the calibrated model, new flows resulting from decant can be 
modelled and through simple mass transport the effect of this additional load can be determined, by 
comparing the new sulphate load for the system with the old sulphate load before decant took place.  

 
Figure 2. Sulphate load profile before and after decant 
From the figure above can be seen that the mine has a significant influence on the sulphate load. This 
increase in the sulphate load can be translated into a percentage of total load and gives an indication 
of the mine’s portion of responsibility. 

Contributions of the work (11 pt Times new Roman) 

The effect that decanting mines could have on water quality which is already under tremendous strain, 
is a major concern in the ERB. This study aimed to develop and configure an appropriate surface 
water model as part of an integrated modelling approach that will assist with the complexities of source 
apportionment for the mining sector in the ERB. In its integrated format the surface water model forms 
the base from which source apportionment can be determined. 
With model outputs showing good correlation with observed data, it can be said that SWMM was 
successfully utilised to develop and configure a calibrated surface water model. It has the ability to 
translate the gathered input data into outputs which closely represent the real world situation. A 
scenario demonstrated the application of the model which indicates that it can effectively assist with 
source apportionment. When taking into account that SWMM is a storm-water model, specifically 
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designed for urban drainage systems, this study has shown that it can be utilised for natural flow 
systems as well. This strengthens the findings from the study by Nakamura and Villagra (2009) that 
indicates that SWMM can be used successfully for non-urban applications. 
Successful modelling of an active and dynamic hydrological system that constantly changes is a 
complex process in the sense that there are various important factors that need to be taken into 
account. Satisfactory model calibration and validation was achieved, although the lack of data 
necessitated various assumptions in the model setup. With additional data, this model can be utilised 
to represent the real world situation of the ERB more accurately, thereby providing even better outputs 
and resulting in the better management of the ERB. 
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Paper ID: TMT 8 
Are high flows accurately measured in South African rivers?  

SJ van Vuuren*, AA Maritz**, and P Wessels*** 

* University of Pretoria, Pretoria, South Africa, fanie.van.vuuren51@gmail.com 
** University of Pretoria & Department of Water and Sanitation, Pretoria, South Africa, 
maritza@dws.gov.za 
*** Department of Water and Sanitation, Pretoria, South Africa, sfhserv@dws.gov.za 

Central Message  

The accurate measuring of high flows (flood events) in rivers will assist with the construction of 
smaller, more cost effective structures and possibly advance the early prediction of flood events. 

Methodology of Investigation 

Compound weirs, consisting of two or more weirs at different heights, are needed in countries with 
highly variable river flows similar to South Africa. In the event of severe floods, weirs often operate 
above their designed capacity resulting in inaccurate flow measurements. A physical model study of 
such a weir was undertaken at the Department of Water and Sanitation’s hydraulic laboratory. Water 
level recordings were made upstream of the structure for increased flow rates. These measurements 
were used to calculate the flow rate over the weir and compared to an accurate magnetic flow meter 
installed in the laboratory. 

The effect of three-dimensional flow was quantified when the divider walls were overtopped.  Four 
model layout configurations were investigated as seen in Table 1. Layout D is a 1:10 scale 
representation of a typical weir structure with a limited structural capacity. For Layout A, the divider 
and filler walls were extended to represent the structure with infinite capacity. Layout B allows for the 
overtopping of the centre divider wall and Layout C allows overtopping of the left divider and filler 
walls. 

Table 1. Physical model layout configuration  

Layout A 

 
 

Layout B Layout C Layout D 

   

Capacity 
Extension 

Walls 

Left Filler 
Wall 

Lower Weir, W1 

Higher Weir, W2 Left Filler 
Wall 

Divider Walls 
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Results and Discussion 

Figure 1 depicts the modelled flow rate in relation to the calculated flow rate using the water level 
measurements taken during the study. An identity (y=x) line, depicting a 100% accurate hydraulic 
structure was also plotted in the figure.  

The results indicated that the calculated flow rates overestimate the true value concluded from the 
apparent deviation of the calculated flow rates from the identity line in Figure 1. It was suspected that 
Layout A deviates from the identity line due to the large ratio of the lower-weir-width to the higher-weir-
width (W1/W2 = 3.9), this results in exaggerated contraction of the flow lines at high flow rates.  

The overtopping of the divider walls results in the presence of three-dimensional flow downstream of 
the measuring point, causing the water level at this point to rise in order to compensate for the induced 
energy losses. This three-dimensional flow influence is seen for Layouts B, C and D resulting in the 
apparent deviation from the flow rates calculated for Layout A. The effects of contraction at higher flow 
are decreased for Layouts B, C and D due to the removal of the capacity extension walls, which 
explains the deviation of these flow rates from Layout A seen in Figure 1.  

 

Figure 1. Modelled flow rate vs. the calculated flow rate using the upstream water level measurements 

Contributions of Investigation 

In South Africa, Wessels and Rooseboom (2009) have done extensive research on the accuracy of 
weirs that operate within their designed capacity. However, uncertainties in the discharge 
measurements for flow rates exceeding the structural design capacities exist. Better planning and 
design of infrastructure can be achieved if accurate flow records are available.  

In 2014, the University of Pretoria conducted a study regarding the effects of overtopping of a 
symmetrical compound weir. Van Vuuren, et al. (2015) modelled a standardized weir with a divider 
and filler wall at different weir-width (W) to filler-wall-length (F) ratios (W/F = 0.57 and 0.94). The study 
concluded that for ratios 0.57 and 0.94 the flow in the channel was overestimated during overtopping.  

During the investigation presented in this paper, it was found that for a structure with two weir notches 
at a ratio of 3.91 (W1/W2) the discharge measurements were also overestimated. The following causes 
of this overestimation need to be further investigated: 
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 The limit of the lower-weir-width to the higher-weir-width (W1/W2 ) ratio at which contraction 
becomes a problem, 

 the influence of a changing pool depth, and 
 the effects of three-dimensional flow over the divider walls. 

It may be necessary to include Computation Fluid Dynamics (CFD) simulations in the quantification of 
these influences. If a consistent error is found, a factor could be developed to correct the discharge 
coefficient for the calculation of flow rates during high flow regimes. 
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Paper ID: 3753690 
 
Spatial variability of arsenic concentrations and groundwater resources vulnerability in gold 
mining fields of Lake Victoria basin, Northern Tanzania 
 
JULIAN IJUMULANA1,2, ENRICO LUCCA1,PROSUN BHATTACHARYA1, FELIX MTALO2,  
1KTH-International Groundwater Arsenic Research Group, Department of Sustainable Development, 
Environmental Science and Engineering, KTH Royal Institute of Technology, STOCKHOLM, Sweden 
2Department of Water Resources Engineering, University of Dar es Salam (UDSM), Dar es salaam, 
Tanzania 
 
Elevated concentrations of geogenic contaminants in water resources is among challenges impairing 
implementation plan of safe water supply systems in many parts of the world. The occurrence and 
distribution may be influenced by natural or anthropogenic factors within a given spatial setting. The 
present study aims to assess sources, mobility and spatial distribution of arsenic in groundwater 
resources in vicinity of gold mining areas within the Lake Victoria Basin in Northern Tanzania Northern 
Tanzania. Water samples were collected from shallow wells (n=12), deep boreholes (n=19), springs 
(n=8) and rivers (n=15) used as source of drinking water in Geita and Mara regions. The samples were 
analysed for major ions, dissolved organic carbon (DOC), total arsenic and other trace elements. 53% 
of sampled water sources exceeded the WHO guideline value (10 μg/L), representing a serious health 
risk for some rural communities living in the surrounding of gold mining areas. Generally, arsenic 
concentrations in surface water are extremely higher than in shallow wells and boreholes, indicating that 
As contamination is a surface phenomenon. Moreover, As levels indicated high spatial variability within 
small coverage (< 5 km. A strong partition of Fe and Al on particulate fraction suggests that As mobility 
is strongly limited by co-precipitation with Fe/Al oxide/hydroxides. Finally, a good correlation between 
As and DOC (R2=0,5) indicates the importance of surface complexation with fulvic and humic 
substances in As mobility. Because of high oxidizing conditions (Eh>400mV) of the sampled drinking 
water, the source of As is presumed to be oxidation of As bearing sul fide minerals hosted in 
heterogeneous geological setting comprised of igneous and sedimentary rocks.  
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Paper ID: 3746930 
 
High flux and antifouling properties of PES/GO-(MOF-2) composite membranes for dye 
rejection 
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* Department of Applied Chemistry, University of Johannesburg, P.O. Box 17011, Doornfontein, 2028, 
South Africa, tamakhetha@outlook.com, rmoutloali@uj.ac.za  
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Johannesburg, P.O. Box 17011, Doornfontein, 2028, South Africa , South Africa, 
tamakhetha@outlook.com, rmoutloali@uj.ac.za  
 
Abstract  
 
Developing advanced filtration membrane with high flux, solute rejection performances and excellent 
antifouling performance is highly demanded in membrane technology for water treatment. Hydrophilic 
graphene oxide (GO) is an attractive filler for the preparation of ultrafiltration (UF) composite membranes 
for water purification [1-2]. However, strategies that can fully exploit the advantages and limit the 
drawbacks of GO are still a work in progress. In this work, copper-based metal organic framework (MOF-
2) was specifically attached to the GO layers as a porous modifier. The incorporated MOF-2 was 
envisaged to effectively prevent the GO layers from stacking and can also introduce unique properties 
into the composite of (GO/MOF-2). The as-synthesized composites were characterized using XRD, 
SEM, ATR-FTIR, Raman and TGA techniques. A series of novel composite membranes were also 
prepared with the obtained GO/MOF-2 composite and polyethersulfone (PES) to form UF PES/GO-
(MOF-2) membranes. As a result, the prepared PES/GO-(MOF-2) composite membranes exhibited 
higher hydrophilicity and water flux performance when compared to PES UF membranes. The water 
flux of composite membranes with different composite (GO/MOF-2) loading showed an increase in 
comparison with that of the PES and PES/GO UF membranes. Moreover, the PES/GO-(MOF-2) and 
PES/GO membranes exhibited good anionic dye rejection (>80%) than unmodified PES membranes. 
The high rejection of anionic dye (i.e., Congo red, >80.0%) for MOF-2-functionalized PES membranes 
ensure their superior rejection performance. This facile, cost-effective strategy will provide a useful 
guideline to integrate with other modified hydrophilic MOFs to design UF membranes for water 
treatment.   
 
Keywords: polyethersulfone; graphene oxide; metal-organic frameworks (MOFs); MOF-2; composites 
membranes;  
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Seasonal influence of natural organic matter (NOM) character on trihalomethane (THM) formation 
using molecular size distribution 
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smarais@randwater.zo.za 
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Central message 

Natural organic matter (NOM) occurs in all source water mainly due to the decay of plant and animal 
material as well as terrestrial organic carbon flushed into streams or rivers during the rainy season. It 
is well known that NOM is the major precursor of disinfection by-products (DBPs) when insufficiently 
removed NOM reacts with the disinfectant during chlorination and chloramination. The two main 
groups of halogenated DBPs in chlorinated water are haloacetic acids (HAAs) and trihalomethanes 
(THMs), with the four THMs individually regulated by the South African National Standard for Drinking 
Water (SANS 241-1:2015). Due to many DBPs, most being unidentified and possibly harmful to 
human health, it is essential to understand the reactivity and character of the precursors to the 
formation of these chlorinated DBPs.  
 
The objective of this study was to investigate the influence that NOM character within an oligotrophic 
water source has on the formation of THMs during drinking water treatment at Rand Water. The 
seasonal variability in NOM character, subsequent NOM removal and THM formation in the final 
drinking water was also evaluated.  

Materials and Methods 

At Rand Water the treatment steps consist of screening, coagulation, flocculation, sedimentation, 
carbonation, filtration followed by primary (chlorination) and secondary disinfection by addition of 
ammonia (chloramination). Surface water from the Vaal Dam was sampled at the intake of the full 
scale treatment plant. Surface and treated water samples were collected within a 12 month period with 
a time interval between sampling of 14 days.  
 
Solid phase extraction (SPE) and a headspace sampler (Agilent 7697A) coupled to a gas 
chromatograph (Agilent 6890N) were used to analyse the final water samples after disinfection. A 
capillary gas chromatography column (J & W Scientific, 30 mm x 0.530 mm x 0.5 µm) separated the 
THMs followed by detection using an electron capture detector (ECD). The four THMs; bromoform, 
chloroform, dibromochloromethane (DBCM) and bromodichloromethane (BDCM) were measured and 
the sum of these four THMs was expressed as total trihalomethane (TTHM). 
 
The high performance size exclusion chromatography (HPSEC) method was followed to determine the 
molecular size distribution (MSD) of the molecular weight fractions of NOM within the water samples. 
A Hewlett Packard 1100 high performance liquid chromatography system was used by separating the 
molecular fractions on a TSK G3000SW column (7.5 mm x 300 mm) at a flow rate of 0.7 ml/min and 
using 0.01 M sodium acetate as mobile phase. The peak area of each fraction was measured after 
detection at 254 nm and expressed as milli-absorbance units (mAU).  
 
Samples were filtered through 0.45 µm membrane filters and the bulk NOM within the surface water 
was analysed by dissolved organic carbon (DOC) measurement, ultraviolet absorbance at wavelength 
254 nm (UV254). The specific ultraviolet absorbance (SUVA); the ratio of absorbance at 254 nm to 
DOC concentration was calculated for raw water to indicate its aromaticity. SUVA gives an indication 
of the composition of NOM within a sample with regards to its hydrophobicity, molecular size and 
aromatic character (Edzwald et al., 2010). The SUVA and UV254 measurements formed part of the 
NOM character study as they provide an indication of how aromatic the NOM is. 
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Results and Discussion  

Results and Discussion 

Full scale conventional treatment on average removed a greater percentage of the larger NOM 
molecules (peak I, II) compared to smaller molecules (peak V) which size distribution stayed the same 
after treatment (similar peak heights) (Figure 1). The high molecular weight (HMW) organic matter 
fraction (peak I and II) are typically reduced after coagulation. This is also evident in other studies 
where larger molecular organics are easily removed by the treatment process and that the low 
molecular weight (LMW) organics (peak V) were the main precursor to THM formation (Özdemir, 
2014). These LMW NOM has a smaller UV254 reading indicating a reduced aromatic character. A 
decreasing trend in the peak heights was observed during the various seasons, indicating a decrease 
in the total organic content in summer as high temperatures and rainfall occurs (Figure 2). It should 
also be noted that the difficult to remove LMW fraction (peak V, VI) also decreased as summer 
approaches (Figure 2). 

              

         Figure 1. Change in MSD during the 
treatment process.                  Figure 2. Seasonal variability of NOM MSD indicated by                                           

decreasing peak heights.…………………………………...  
Results of the MSD (peak I and II) showed a significant between NOM of high molecular size and 
chloroform formation (R2 = 0.944, p < 0.05) during summer months. HMW NOM also related well to 
TTHM (R2 = 0.9710, p < 0.05) indicating that the HMW NOM fraction were mostly responsible for the 
THMs formed (Figure 3). On average the chloroform constituted 75.3% of the TTHM, BDCM 23.8% 
and DBCM and bromoform measuring below the detection limit of 0.33 µg/L and 0.36 µg/L, 
respectively.   
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  Figure 3. Positive correlation between 
HMW NOM     and TTHM during summer. 

  Figure 4. Moderate correlation between 
HMW NOM and TTHM during winter.  
……………                                                                                  

 

No significant relationship was observed between SUVA (or UV254) and THMs which illustrates that 
aromatic NOM were not the main TTHM precursor (although chloroform formation in summer was 
primarily due to HMW NOM). A positive correlation existed between SUVA and UV 254 removal 
percentage in summer (R2 = 0.9369, p < 0.05) and also during winter ((R2 = 0.8887, p < 0.05) (Figure 
4). It can therefore concluded that SUVA can indeed be used to indicate NOM treatability by predicting 
NOM removal by the full scale plant  

Contributions of the work  

This study investigated the effect that NOM character has on the formation of THMs during disinfection 
as it was not evident which NOM fraction is mainly responsible for the formation of THMs within this 
specific source water (Vaal Dam). The key finding of this paper is that the HMW NOM fraction was the 
main precursor to TTHM and chloroform formation, specifically during summer.  
The positive correlation existing between SUVA and NOM removal indicates the use of SUVA as an 
indicator of average percentage removal of aromatic NOM. This will allow for plant personnel to 
measure the SUVA value of the raw water and to estimate the average aromatic NOM removal that 
will occur during full scale coagulation. The key contribution of this work is that SUVA may be useful to 
indicate the treatability of NOM during full scale plant operation. 
Weak regression between SUVA and actual measured TTHM formation in the final drinking water 
necessitates the need to rather incorporate a trihalomethane formation potential (THMFP) technique, 
which will indicate the maximum amount of THMs that are likely to form due to the individual NOM 
fractions. Although THM (chloroform) formation in summer was primarily due to HMW (aromatic) 
NOM, the above mentioned weak correlation also suggests that aromatic NOM were not the main 
THM precursor throughout all seasons. This leaves the question of what the composition/ size of this 
non-aromatic fraction is, impacting on the formation of THMs in the final drinking water during the 
other seasons. 
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Abstract 
The study reports on the removal of cyanide from aqueous medium by adsorption using tailored 
materials. The 4-vinyl pyridine (4-VP) polymer (QP4VP-AC) and its acrylic acid (AA) copolymers 
(QP4VP-PAA-AC) analogue were supported onto activated carbon and subsequently quatenized. The 
addition of acrylic acid functionalities and quaternization were used to modulate the selectivity of the 
adsorbent towards anions. The adsorbents were characterised by a combination of techniques including 
Fourier Transform Infrared Spectroscopy (FTIR), Thermogravimetric Analysis (TGA) and Brunauer 
Emmet Teller (BET). The FTIR confirmed the newly formed peaks upon quaternization and the BET 
confirmed the adsorbents to be mesoporous following a type IV mono-multilayer adsorption isotherm. 
The effects of pH, contact time, initial concentration and adsorbent dosage were examined. It was 
observed that the highest percentage removal of cyanide was between the pH 8-9 reaching about 85% 
for both the quaternized adsorbents. The adsorption of cyanide was observed to follow the Langmuir 
model better compared to the Freundlich adsorption model.  
Keywords: 4-vinylpyridine, acrylic acid, activated carbon, adsorption, quaternization.  

 
Figure 14: Effect of pH on adsorption of cyanide. Dosage (0, 05 g), initial concentration 10 ppm, 
time - 2 hours 
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Removal of heavy metal ions from industrial effluent using adsorbent resins 
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Abstract 
 
Mining and metallurgical processing wastewater often contains considerable amount of heavy metals 
that would endanger the environment and public health due to their toxicity if discharged without 
reasonable treatment [1]. Ion exchange has been widely used during the past several decades for the 
removal of heavy metals ion owing to its advantages of metal value recovery, selectivity, less sludge 
produced, and the meeting of strict discharge specifications [2]. A new styrene-based adsorbent was 
synthesized, for the removal of heavy metal ions from industrial waste water to enable the water to be 
reused. The resin was compared with a commercial resin (Purolite) for its efficiency in the removal of 
Cr(VI) in water. The resin performance was tested using batch and continuous column methods, the 
performance assessment showed the styrene-based resin’s removal efficiency to be 76 % in comparison 
to 64 % obtained with Purolite for batch mode; and 52 % in comparison to 36 % obtained with Purolite 
for column mode. Furthermore, the resin was used to remove heavy metal ions from mining effluent and 
SAVMIN-treated mining effluent obtained from a local gold mine. Elemental analysis showed that most 
heavy metal ions present in the feed with low concentration constituents were removed from both the 
raw mining effluent and the SAVMIN-treated effluent.  
 
[1] X. Liu, Y. Li, C. Wang, M. Ji; Comparison study on Cr(VI) removal by anion exchange resins of 
Amberlite IRA96, D301R, and DEX-Cr: isotherm, kinetics, thermodynamics, and regeneration studies, 
Desalination and Water Treatment 55 (2015) 1840–1850 
[2] X. Liu, Y. Li, C. Wang, M. Ji; Comparison study on Cr (VI) removal by anion exchange resins of 
AmberliteIRA96, D301R, and DEX-Cr: isotherm, kinetics, thermodynamics, and regeneration studies, 
Desalination and Water Treatment, 55 (2015) 1840–1850 
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Paper ID: 3746085 
 
Expanded Polystyrene in Water Softening Technologies 
 
L. M. Odud* 
 
* Water supply, Sewerage and Drilling Department, National University of Water and Environmental 
Engineering, 11 Soborna Street, Rivne, 33028, Ukraine, liudmylaodud@mail.ru 
 
 
Central message 
 
Nowadays water softening edifices productivity is lower than designed, because of idustry level 
decreasing. Important questions raises of exploitation new, improving existing water softening methods. 
 
Materials and Methods 
 
Methods that we used in our work are: theoretical - analysis of existing water softening technologies, 
experimental - based on an experiment, that is scientific aimed experience or phenomenon observation 
in conditions, that accurately taken into account and that allow to monitor its progress, manage it, play 
it every time you repeat these conditions, analytical and statistical - evaluation of the results received in 
laboratory and industrial conditions and their mathematical processing. 
 
Experimental research consist in using reagent - lime solution,  and expanded polystyrene granules for 
water softening.  
Water mixes with lime in the contact tube and then through a layer of suspened sediment which is 
performed gradually increasing, and after that  passes through  floating expanded polystyrene backfill. 
To get the needed purifying effect it is necessary to maintain pH in mixing zone within 9,0 – 10,5 (Orlov 
et al., 2013). 
 
Suspended sediment is a polydisperse system in which the rate of particles precipitation depends on 
the volumetric sediment concentration. The chemical composition of sediment consists of calcium 
carbonate and magnesium hydroxide compounds. Calcium carbonate has characteristic of 
condensation-crystallization structure. Magnesium hydroxide relates to the coagulation type. 
Magnesium hydroxide prevents direct connection and growth of calcium carbonate (Kurgaev, 1977). 
Forming of suspended sediment layer and getting the needed effect takes time. To create the necessary 
conditions for sediment work firstly we should start with lower flow rate and increase the reagent doses. 
 
Floating expanded polystyrene backfill is mostly used for water clarifying and discoloration, deferrization 
(Orlov et al., 2016). Using it directly for water softening technologies is new.  
 
Results and Discussion 
 
Research of softening process was held on experimental plant. During filtering cycles we controlled 
filtering rate, pressure losses and analytical characteristics of water: pH, total hardnes s, calcium 
hardness and alkalinity. The filtering rate range was between 2,5 and 4,5 m³/hour. Filtering duration 
range was between 8 and 24 hours. As reagent we used lime slaked quicklime OP-1 ISO B V.2.7-90-
99 ("Ferezit",  Lviv). The average indeces of initial water for the whole research period were: total 

hardness – 5,8 mmol/dm
3

, calcium hardness – 4,25 mmol/dm
3

, alkalinity – 6,10 mmol/dm
3

, pH – 
7,40. 
 
There is such type of filter called expanded polystyrene filter with increasing layer of suspended 
sediment. It was discovered by professor Valerii Orlov and associate professor Sergii Martynov. But 
their research engaged with using  this filter for water deferrization. Results we’ve reached show ability 
to use this type of filter for water softening combining with liming method.  
 
On the Fig. 1 it’s shown total hardness reducing during filtering cycles with different filtering rates. The 
average pH level of softened water was 9,9. The best water softening effect was during filtering cycle 
with filtering rate – 3,5 m/hour.  
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Figure 1. Total hardness reducing during filtering cycles with filtering rate and duration: 1 - 2,5 m³/hour, 
16 hours; 2 – 3,5 m³/hour, 24 hours; 3 – 4,5 m³/hour, 8 hours. 
 
Contributions of the work 
 
One of the most spread reagent treatment method for water softening is liming (Huchler, 2007).  
Technological scheme for these purpose usually consists of mixer, clarifier and filter. Directly removal 
of hardness ions takes place in clarifier with suspended sediment. But it has such disadvantages as 
quite difficult construction and exploitation. 
 
Using expanded polystyrene backfill is well known for clarifying and discoloration and exactly expanded 
polystyrene filter with increasing layer of suspended sediment  - for deferrization. 
 
Using of proposed method - liming on expanded polystyrene filters with increasing layer of suspended 
sediment, has its advantages: 

 reducing effect on water quality: total and calcium hardness, alkalini ty; 
 simplification of existing water softening technological scheme, excluding clarifiers with 

suspended sediment; 
 simplification of exploitation for staff; 
 energy savings, excluding using pumps for backwash 
 is good for industrial water supply use. 
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ABSTRACT 

 

Inadequate and lack of quality data are common phenomenon in most hydrologic archives. These may 
be due to human error or equipment mal-function, data corruption, or data processing errors in bad 
weather condition. These incomplete data often lead to inconsistent and biased estimations.  
 
Qualitative and quantitative authentication of these data correctness or improvement towards 
minimization of prediction error at a time when technological advances in measurement and computation 
are becoming available for creative exploitation is the novelty of this paper.  
This study investigates techniques for data correction and verification for hydrological forecast variability 
study to be more meaningful in rainfall post process (RPP).  The applied Schaakle Shuffle Ensemble 
method (SSEM) resampled historical data and cross validate it. The result is an intuitive modern method 
to build user confidence for post process bias correction and reliability quantification of uncertainty.  
Though, automated equipment for data collection may be expensive it vulnerability in data performance 
in the short and long run benefit is still minimal when subjected to various check before use. Thus, 
making this study a non - negotiable one for all researchers in data mining. 
 
KEY WORD: Bias estimations, Data correction, Ensemble method, Post Process 
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Paper ID: 3802553 
 
Illegal wastewater discharge and the plight of Sewer Workers: A case Study of Nairobi City 
Water and Sewerage Company 
P.O, Olali 
 
 
Central Message 
Inorganic wastes as constituents of wastewater plays a significant role in the quality of effluents 
discharged by industries. If not well treated, wastewater results into a myriad of cases including 
oxygen depletion in the water bodies resulting into deaths of aquatic organisms and adverse effects 
on human health. These cases are exacerbated when heavy metals such as lead and mercury are 
discharged into the sewer system. Due to the nature of their operations, sewer workers are at most 
risk of such effluents. Section 74 of the Environmental Management and Coordination Act of 1999 
prohibits individuals and or industries from discharging waste into the sewerage system without having 
a license and putting in place measures for treatment of such effluents before discharge into the 
environment. This paper therefore attempts to demystify the impact of illegal wastewater discharge 
into the environment and the possible effects they have on sewer workers.  
 
Materials and Methods or Description of Intervention 
The research entails a descriptive approach employing both cross sectional and retrospective survey 
design.  The study area is in North and Eastern parts of Nairobi Kenya. The study population includes 
various industries sprawling within the area and the sewer staff working for Nairobi City Water and 
Sewerage Company north and eastern region workplaces. Random sampling was used to select the 
industries and the workers based thereat.  Ten number workplaces in every region were identified with 
sewer workers within these regions of operations would form 100% of the sample.  
Effluent samples were purposively taken from the industries and tests such as Chemical oxygen 
demand, Biochemical Oxygen demands and heavy metal tests were done to ascertain the quality of 
wastewater discharged by the sampled organizations. Questionnaires were used to collect quantitative 
data on socio demographics and were administered to the respondents within the sampled industries 
and the sewer staff. Analysis of medical examination reports for three consecutive years (2014-2016) 
together with Sewer related accidents/incidents were also done to ascertain the number of 
occupational diseases and fatalities reported during the period. Using Pearson’s Correlation analysis 
were done to determine the relationship between the quality of sewer discharged and the effect on 
workers.  

Results and Discussion 

No occupational diseases were noted as a result of illegal discharge of wastewater in the sewer lines 
during the period under review. However, the qualities of the discharge during the period have 
significantly deteriorated increasing the toxicity of the discharge and the noxious gases produced. 
Workers are therefore more susceptible to contract occupational diseases. Three deaths associated to 
working in sewers were reported during the period under review. Of the three, two were associated to 
asphyxiation inside the manholes.  
Through consultation and corporation with other key stakeholders, there will be a need to enforce the 
Polluter Pay Principle (PPE) as outlined in National Environmental Authority’s legislations.  Besides, 
development of an Occupational Safety and Health Program that will ensure early detection and 
monitoring of Occupational diseases is critical. Inclusive within the program will inc lude pre-
employment and post-employment medical examinations whose aim is to ensure that employees 
leaving service are free of associated occupational disease.  A further analysis of records to monitor 
lost work day cases as a result of accidents and diseases on the sewer workers would give more 
insights on the susceptibility of the workers. Personal Protective equipment would also play a critical 
role in ensuring safety of the workers while on duty. 

Contributions of the work  

Industrial effluents consists of various pollutants that when discharged in sewer lines pose a myriad of 
safety and health risks. The research aimed at quantifying the effects of illegal discharge on sewer 
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workers. The findings demonstrated that although the Occupational diseases had not manifested, 
workers were exposed to serious life risks, fatalities having been reported. Enforcement of the Polluter 
Pay Principle together with strict adherence to use of personal protective equipment and procedures 
would be critical in the efforts. It was however not determinate how long it would take before the sewer 
workers develop Occupational diseases associated with the nature of their work.  
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Central message  
This study evaluates stormwater management for use in urban non-potable activities by microfiltration 
(MF) and ultrafiltration (UF). Stormwater treatment by these processes is a sustainable solution to face 
climate change consequences, water scarcity problems, pollution control, flooding problems and 
drainage system failures.  
 
Materials and Methods or Description of Intervention  
The methodological line began with the collection of stormwater, then the physico-chemical and 
microbiological characterization, the stormwater treatment by MF and UF membranes, and finally the 
quality assessment of treated stormwater with international guidelines. Stormwater was collected in 
the parking lot of the Faculty of Law at the University of Passo Fundo, Rio Grande do Sul state, Brazil. 
The sampling of stormwater was carried out taking advantage of the gravity flow to the storm sewer 
with two collection plastic tanks (50 L). Six samplings were made to perform three characterization and 
filtration processes for each membrane. The physico-chemical characterization included: pH, turbidity, 
electrical conductivity, color, settable solids, total suspended solids, total solids, nitrite, nitrate, sulfate, 
total phosphorus, total nitrogen, ammonia nitrogen, chemical oxygen demand, biochemical oxygen 
demand, oil and grease, and heavy metals (lead, zinc, nickel, copper, iron, cadmium, and chromium). 
The microbiological characterization included total and fecal coliform. In addition, to identify traces of 
fuel (gas or diesel), we performed the analysis of hydrocarbons by gas chromatography-mass 
spectrometry (GCMS-TQ8030 gas chromatograph with a mass spectrometer series). Stormwater 
treatment was performed by hollow fiber membranes of MF and UF. Preliminary sedimentation and 
sieving were performed to remove coarse solids such as stones, leaves, insects, and branches, to 
avoid premature clogging of the membranes. Treated stormwater quality was assessed using 
guidelines issued by the United States Environmental Protection Agency, the Spanish Department of 
Environment and Rural and Marine Environment, and the Department of Environment and 
Conservation of New South Wales from Australia.  
 
Results and Discussion  
Characterization of stormwater showed that turbidity, color, oil and grease, total coliforms, cadmium, 
chromium, copper, and iron, have much higher values in this investigation, compared to studies done 
in paved areas. The stormwater runoff in the parking lot carries out soil and organic matter from the 
surrounding area, increasing the values of nitrogen compounds. A wide range of concentrations of 
different metals was reported in this investigation, highly influenced by pavement erosions, exhaust 
gases, and abrasion of tires and brakes. The chromatographic analysis of all stormwater samples did 
not show the profile of waters contaminated with hydrocarbons composed by C14 to C30 carbon 
chains, suggesting that the oils and greases presented are not due to leaks or spills of fuels, but 
another types and concentrations of oils and greases, vegetal and mineral. Regarding treatment 
techniques, MF and UF had a highly competitive hydraulic permeability, but UF processes occur more 
uniformly before and after backflushing. Removal rates for settable solids, total suspended solids, 
fecal coliforms, color, turbidity, and total coliforms are above 90% in both cases, with a slightly better 
performance in the case of the UF. As expected, both membranes presented low removal efficiencies 
of ions. Removal of oil and grease is less than 50% for both MF (22.83%, mean) and UF (37.11%, 
mean). Nevertheless, the UF membrane reached higher removal rates for heavy metals such as Fe 
and Ni. The EPA (2004) goals of physico-chemical parameters was reached for both MF and UF 
treatment. However, only UF achieved the microbiological goals. Turbidity and pH concentrations are 
within the limits established by the Australian guidelines. For the Spanish legislation, both permeates 
meet the turbidity, total suspended solids, and total phosphorus requirements for all proposed 
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uses. With that, applications prospects include: washing (streets, vehicles), irrigation, flushing toilets, 
recreation, and fire protection.  
 
Contributions of the work  
Rainwater harvesting systems depend on four mainly variables: precipitation, collection area, storage 
tank volume and water demand. Although the most used areas are roofs, they have limited 
productivity, primarily because of their dimensions. So, great areas like parking lots could increase the 
efficiency of these systems. There is great amount of works about characterization of stormwater 
collected on the ground, but there are a few related with the treatment of that water. Microfiltration 
(MF) and Ultrafiltration (UF) are membrane separation processes, widely known for their efficiency in 
the removal of suspended solids, macromolecules, bacteria, and viruses. With this research, it was 
possible to evidence the large amount of hazardous material in stormwater, including agents that are 
not common in rainwater collected on rooftops, such as oil and grease, and heavy metals. However, it 
was evidenced that MF and UF processes, are efficient for the removal of these materials, especially 
UF, which reaches higher microbiological standards. For the use of these waters, it is necessary to 
verify their quality by the corresponding sanitation guidelines. There, a lack in the regulation for the 
use of alternative water sources like stormwater was evidenced. However, after the quality 
assessment by three international regulations, it was shown that stormwater collected in paved 
surfaces, and treated by UF, is suitable for irrigation, toilet flushing, fire protection, washing and 
recreation. With that, there is a great opportunity to decrease the use of treated water in non-potable 
activities, saving costs in transportation, energy, and treatment. In water scarcity cities, whether for 
geographic reasons or inefficiency in the public system, stormwater represents an additional water 
source for the use in activities that do not require potabilization or to solve basic needs by applying 
simple techniques such as chlorination. At the same time, the risks of flooding and drainage system 
failures are reduced using stormwater, because there is a lower volume that reaches the drainage 
sewers. With these results, different questions are open, however, one of the most important is: Is 
there another treatment technique, equal or more efficient than membranes, but at a lower cost, to 
reach great opportunities at permeability and final quality?  
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Introduction 

In today’s hostile business environment, there is more need than ever for companies to explain why 
they are here, the rationale and the context. Globalization, democratization of information, the rise of 
social media and the global financial crisis have forced corporate leaders to reassess the strategic path 
for their brands and organizations. They do so at a time when the central objectives of communication, 
reputation and trust, have shifted shape, perhaps irrevocably. Companies in today’s business 
environment: the need for transparency, managing successful organizational change and reputation 
recovery after a crisis.   

The digital age has foreshown generational shift in the way that the communications and marketing and 
advertising operate. It is increasingly evident that the future lies in full integration of all the 
communication disciplines.  

Objective 

The purpose of this paper is to demonstrate how Nairobi City Water & Sewerage Company Ltd 
(NCWSC) has advanced in incorporating the modern communication and marketing trends to improve 
its performance and governance within Nairobi County.  

The project will also show the importance of fully adopting and implementing the different means of 
digital communication and marketing tools and its impact to achieving the vision and mission of the 
Company. 

Methodology and scope of work 
Communication messages are derived with the target audience in mind to ensure the key message is 
received and acted upon with the desired results. The communication platforms at NCWSC have 
evolved over time in terms of disseminating of information and marketing of new products to the 
customers. The Company has been using traditional means in communication and marketing tools, as 
well as adopting modern tools to complement each other. It is more notable that real time information is 
desirable to the more tech savvy customer and the not so tech savvy that relies on updated information 
as need arises. 
In this study, we will focus on the main channels of communication and marketing tools used in NCWSC 
to improve on the service delivery of the Company: 
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Communication tools both internal and external stakeholders: Letter heads, Internal memos, Press 
release, News watch , Emails, Website, Electronic , Print, Social media. 
Marketing tools: Shows and exhibitions; Annual Stakeholders meetings, road shows, clinics, 
Participation in Conferences and Exhibition. 
 
The more conventional means adopted at NCWSC include and not limited to FM Radio adverts & 
presenter mentions, Printing of corporate t- shirts with the messages, Use of display promotional 
materials, Use of Push messages to customers mobile phones and the website.  
A SWOT analysis will be carried out to show the strengths, weakness, opportunities and threats of the 
Company’s both internal and external communication and marketing needs that will help identify the 
factors that will affect the company’s future performance.  
The study will be carried out by the use of open Questionnaire and online survey. 
 
The use of Digital Media, Broadcast and Print Media  
Through growing trends and a more dynamic City consumer of water, digital media was no exception to 
reach the trendy customer. The need to accommodate the customer who is always online, to answer 
the need of a mobile customer who needs constant information and to encompass the behaviour of the 
dynamic customer the company adopted the need of social media to address issues.  
Due to the vast spread of information, the Company has used online platforms to market and enlighten 
it’s customers of the new products and services. This has also encouraged customer input for product 
and/or service improvement as well as building a relationship with the Company.  
The response on the use of digital media from customers and commendations is proof that we are 
providing a service that the customers require as well as detecting the needs they require.  
In crossing the currents the water sector can adopt use of digital media to market its product, interact 
and engage its customers in a more participatory and real time basis as the trend and need of dynamic 
customers’ is instant response to nagging issues.  
Water is a vital need and any query on its availability, reliability or supply should be communicated to 
the customer in a timely manner and electronic media provides the answer. It also helps with the 
interaction of customers who feel the personal attention in view of a public platform provides assurance. 
The case for NCWSC is a success story where we continue to embark on advertising the use of digital 
media to grow the customer interaction where it can also be used as a tool for customer perception 
where the application provides a tracking mode for topics discussed and those who have reacted.  
The Company has also been able to use the digital media to complement its more conventional 
communication platforms such as use of broadcast and print media to pass messages.  
We have used these platforms to alert customers on supply fail, paying their water bill, checking their 
water bill online, reading meters, lodging and checking status of their complain online, advertising our 
new/ or advanced products and services, publicizing our Corporate Social Responsibility and  the 
response has been very positive from most customers. 
In conclusion, the case study of NCWSC and the use of digital media, broadcast and print media will 
show a means of communication and marketing tools reaching both formal and informal customers of 
the Company. Kibera is the largest informal settlement in East and Central Africa and the goal is to 
ensure communication across all residents who are our customers. The ability for both rich and poor to 
access information through these modes of media. 
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