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6.   RESEARCH PROJECT 

Aims of Project 
Urban bays, estuaries and rivers have high ecological, economical and recreational values, yet 
urbanisation, population growth and a changing climate are placing increased pressures on these 
community assets (Walsh et al., 2000). Faecal contamination is the leading cause of pollution in our 
coastal regions, rivers and estuaries (Burton and Pitt, 2002), significantly limiting recreational activities in 
these systems; faecal contamination remains the primary cause for recreational closures around the 
world. Melbourne’s Yarra River and estuary is no exception; it continually comes under scrutiny 
in national media because of its high levels of faecal contamination (The Age, 2005, 2005, 2006, 
2011, 2012, 2014; The Herald Sun, 2013). Faeces dropped by domestic, wild and agricultural animals 
are swept into the our systems during rainfall events (McCarthy et al., 2008), and human sewage can 
also enter via a number of pathways (Sidhu et al., 2013). Some microorganisms can cause illness to 
humans if ingested, inhaled or come into contact with skin; these disease causing microbes are 
pathogens. 

To mitigate risks in systems such as the Yarra River and Port Phillip Bay, a comprehensive 
understanding of the sources of the faecal contamination is required; once the sources are known, they 
can be mitigated using various treatment and control strategies (Li et al., 2012; Li et al., 2014). The term 
Microbial Source Tracking (MST) has been coined, whereby sources of microbial contamination can be 
traced back to their origins. Over the past two decades, there have been many papers outlining novel 
MST methods, with a number of literature reviews being conducted over the same time period, 
highlighting the advantages and disadvantages of each method (Scott et al., 2002; Aslan and Rose, 
2012; Sidhu et al., 2013). An underlying issue with all presented methods to date is that they strictly rely 
on single organisms which are assumed to be host-specific to help identify sources of contamination; 
that is, if a particular organism only originates from one faecal origin, then the detection of this organism 
in the water source implies that this particular source is present. Unfortunately, this host-specificity 
assumption is often not accurately tested, and those who do robustly test this assumption find that the 
assumption does not hold (Aslan and Rose, 2012). A great example comes directly our EPHM laboratory 
in the Civil Department. We employed the most common MST tool - the Bacteroides marker set - and 
found that the marker which was supposed to be specific to humans was present in various animal 
faeces, and vice versa (e.g. the marker assumed to be specific to cows was present in other animals and 
human faeces). This issue, among others present in the literature surrounding MST methods, is of 
cause for concern - inaccurate MST methods may lead industry down the incorrect pathway, 
wasting significant money, time and effort. New methods are required that can track sources of 
contamination in highly complex systems, which can accurately differentiate a multitude of sources.  

The aim of this project is to develop a novel source tracking approach which looks at the entire 
community of microbes in samples, instead of just relying on just one genus or specie. This 
proposal uses Next Generation Sequencing (NGS) under the Illumina platform to create bacterial 
community profiles, which is then used to understand the sources of faecal contamination at a particular 
site. The process followed for using community profiles is summarised and described in Figure 1. 
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Figure 1. Step 1 (left) – Bacterial community profiles for each source sample (e.g. bird, human and cow) obtained by 

extracting and sequencing DNA from faecal samples. Step 2 (middle) – Bacterial community profile for a sink sample 
will be obtained by extracting and sequencing DNA from a site where the sources of faecal contamination is of 
interest. Step 3 (right) – The source community profiles will be compared to the sink profiles using a Bayesian 
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6.   RESEARCH PROJECT 

Aims of Project 
Urban bays, estuaries and rivers have high ecological, economical and recreational values, yet 
urbanisation, population growth and a changing climate are placing increased pressures on these 
community assets (Walsh et al., 2000). Faecal contamination is the leading cause of pollution in our 
coastal regions, rivers and estuaries (Burton and Pitt, 2002), significantly limiting recreational activities in 
these systems; faecal contamination remains the primary cause for recreational closures around the 
world. Melbourne’s Yarra River and estuary is no exception; it continually comes under scrutiny 
in national media because of its high levels of faecal contamination (The Age, 2005, 2005, 2006, 
2011, 2012, 2014; The Herald Sun, 2013). Faeces dropped by domestic, wild and agricultural animals 
are swept into the our systems during rainfall events (McCarthy et al., 2008), and human sewage can 
also enter via a number of pathways (Sidhu et al., 2013). Some microorganisms can cause illness to 
humans if ingested, inhaled or come into contact with skin; these disease causing microbes are 
pathogens. 

To mitigate risks in systems such as the Yarra River and Port Phillip Bay, a comprehensive 
understanding of the sources of the faecal contamination is required; once the sources are known, they 
can be mitigated using various treatment and control strategies (Li et al., 2012; Li et al., 2014). The term 
Microbial Source Tracking (MST) has been coined, whereby sources of microbial contamination can be 
traced back to their origins. Over the past two decades, there have been many papers outlining novel 
MST methods, with a number of literature reviews being conducted over the same time period, 
highlighting the advantages and disadvantages of each method (Scott et al., 2002; Aslan and Rose, 
2012; Sidhu et al., 2013). An underlying issue with all presented methods to date is that they strictly rely 
on single organisms which are assumed to be host-specific to help identify sources of contamination; 
that is, if a particular organism only originates from one faecal origin, then the detection of this organism 
in the water source implies that this particular source is present. Unfortunately, this host-specificity 
assumption is often not accurately tested, and those who do robustly test this assumption find that the 
assumption does not hold (Aslan and Rose, 2012). A great example comes directly our EPHM laboratory 
in the Civil Department. We employed the most common MST tool - the Bacteroides marker set - and 
found that the marker which was supposed to be specific to humans was present in various animal 
faeces, and vice versa (e.g. the marker assumed to be specific to cows was present in other animals and 
human faeces). This issue, among others present in the literature surrounding MST methods, is of 
cause for concern - inaccurate MST methods may lead industry down the incorrect pathway, 
wasting significant money, time and effort. New methods are required that can track sources of 
contamination in highly complex systems, which can accurately differentiate a multitude of sources.  

The aim of this project is to develop a novel source tracking approach which looks at the entire 
community of microbes in samples, instead of just relying on just one genus or specie. This 
proposal uses Next Generation Sequencing (NGS) under the Illumina platform to create bacterial 
community profiles, which is then used to understand the sources of faecal contamination at a particular 
site. The process followed for using community profiles is summarised and described in Figure 1. 
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Figure 1. Step 1 (left) – Bacterial community profiles for each source sample (e.g. bird, human and cow) obtained by 

extracting and sequencing DNA from faecal samples. Step 2 (middle) – Bacterial community profile for a sink sample 
will be obtained by extracting and sequencing DNA from a site where the sources of faecal contamination is of 
interest. Step 3 (right) – The source community profiles will be compared to the sink profiles using a Bayesian 
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Further Analysis Available from EPHM 

• Industry water monitoring standards 

• E. coli 

• Enterococci 

• Bacteroides 

• Salmonella 

• Campylobacter 

• Integrated community source tracking and hydrodynamic modelling 

• In depth investigation of source specific bacterial risks 

• Typing  and virulence profiling of source and sink microbes 

• i.e. Water and avian associated Campylobacter 

 


