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1 Director’s report 
 

The 2004 year has been one of consolidation for the 
Centre for Water and Waste Technology with a stable 
staffing profile and success with funding in a range of 
areas. Of particular satisfaction is the success achieved 
with funding through the Australian Research Council for 
projects typically of three years duration. Some of these 
are listed below: 

Development of an integrated sustainability framework for best 
management practice of urban water systems (ARC Linkage, 
Total Environment Centre, Water Services Australia), 
Professor Nick Ashbolt and Dr Sven Lundie 

Mechanisms of Iron Acquisition by the cyanobacterium 
Trichodesmium in Coastal Waters (ARC Discovery), Professor 
David Waite, Assoc. Professor Brett Neilan, Dr Andrew Rose 

Removal of Potential Impact of Pharmaceutical Active 
Compounds during Wastewater Treatment (ARC Discovery), Dr Richard Stuetz, Professor Nick Ashbolt 

Reduction of export of acid sulphate soil contaminants to coastal waters (ARC Linkage, Tweed Shire Council, 
Sugar Cane Growers), Professor David Waite, Assoc. Professor Mike Melville, Professor Ian White (ANU), Dr 
Richard Bush (SCU) 

In addition to ARC funding, success with more industry-oriented support has also been forthcoming 
including the following projects: 

Quantification and evaluation of odorants from poultry sheds (Poultry CRC), Dr Richard Stuetz 

Suitability of  advanced oxidation technologies to remove odours from TEMCO wastewater in Tasmania 
(TEMCO/Unisearch), Dr Andrew Feitz 

Understanding the growth of opportunistic pathogens within distribution mains (CRC for Water Quality & 
Treatment), Professor Nick Ashbolt 

While this is not a complete listing, it does provide an indication of the breadth of activities within 
CWWT and the proponents of these projects are to be congratulated on their success. Most of these 
projects provide support for postdoctoral research fellows and doctoral students and, as such, assist in 
providing the foundation for a new generation of young research professionals. 

To accompany the success in grants has been a move to new premises. While the move was not far 
in distance (from the rear to the front of the Vallentine Annexe), the new quarters are more suited to 
the needs of the Centre and provide a comfortable “home” for our expanding activities. With a solid 
base of funding, addition of a number of young, motivated research staff and new quarters, we are 
enthusiastic about the Centre and its activities in the next and subsequent years. 

 

 

T.D. Waite 
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2 Aims and function 
The Centre for Water and Waste Technology (CWWT), formerly called the Centre for Wastewater 
Treatment, was set up as a Centre of Excellence in 1987. It operates as an externally funded 
University of New South Wales (UNSW) centre and is managed within the UNSW School of Civil and 
Environmental Engineering.  

The principal aim of CWWT is to provide a focus within the University of New South Wales for 
multidisciplinary collaborative research and development of tools for environmental management and 
sustainability with regard to water, water reuse and wastewater.  

The Centre interacts and collaborates with many organisations outside this University: with industry, 
with both State and Federal governments, with individuals and research groups in other universities 
both in Australia and overseas. The Centre takes a leading role in establishing and contributing to 
collaborative research projects with these organisations. 

The research strengths of the Centre include a range of core disciplines essential to the further 
development of soundly based technology. The Centre’s objectives are achieved through the efforts of 
a core group of externally funded personnel assisted by a wide range of academic and professional 
colleagues from a variety of Schools, other centres and laboratories on the UNSW campus.  

A key objective of the CWWT is to provide significant opportunities to postgraduate students to 
undertake industry related research projects. These can be on topics related directly or indirectly to 
CWWT projects or to the overall research program of the Centre.  Supervision of these postgraduate 
students is provided from the most appropriate sources within and outside the School of Civil and 
Environmental Engineering. 
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3 Centre management and advisory committees 
 

3.1 Centre management 
The Centre for Water and Waste Technology is managed by an Executive Committee made up of the 
CWWT Director, Deputy Director and Business Manager together with a number of internally 
appointed Discipline Leaders within the Centre. This committee meets on an “as needs” basis to 
discuss strategy, performance and research opportunities. 

 
In addition, input to CWWT management, is provided by the Water Research Management Committee 
within the School of Civil and Environmental Engineering. Members of this Committee are: 

 
Prof T D Waite Director, CWWT (Chair) 
Prof R I Gilbert Head, School of Civil & Environmental Engineering 
Assoc. Prof R J Cox Director, Water Research Laboratory 
Prof N J Ashbolt Deputy Director, CWWT 
Dr R I Acworth Groundwater  
Prof M Marowszeky Non-water School representative 
Ms K Irvine School Senior Administrative Officer (by invitation) 
Mr B Miller Manager, WRL (by invitation) 
Mrs L Menzies Business Manager, CWWT (by invitation) 
 

The purpose of this Committee is to ensure that water-related research activities within the School of 
Civil and Environmental Engineering (involving, in addition to CWWT, the Manly Vale Water Research 
Laboratory) are operated in a financially sound manner with due regard for consistency between the 
various water-related groups. 

3.2 Management committee 

As required for all UNSW Centres, a Management Committee for CWWT has been established by the 
Vice-Chancellor, on advice from the Pro-Vice-Chancellor (Research) and the Dean of Engineering. 
This Management Committee is responsible to the Vice-Chancellor for ensuring the objectives of the 
Centre are pursued and the terms of reference of the Centre are implemented. The Management 
Committee for CWWT is made up of the following members: 

Professor Brendon Parker, Dean, Faculty of Engineering (Chair) 

Professor Ian Gilbert, Head, School of Civil and Environmental Engineering 

Professor David Waite, Director, CWWT 

Professor Tom Davis, School of Chemical Engineering and Industrial Chemistry 

Professor Staffan Kjelleberg, School of Biotechnology and Biomolecular Sciences 

3.3 Advisory committee 
An Advisory Committee has previously provided advice to the CWWT Director and Management 
Committee. Membership of this Committee is currently being reviewed in light of changes both in the 
research direction of CWWT and the professional roles of members of this Committee. 
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4 Key centre activities 
Centre activities are focused in a number of discipline areas under the direction of Professor David 
Waite. Discipline areas and associated leaders are listed below: 

 

Environmental microbiology and pathogen risk assessment 
Professor Nicholas Ashbolt 

Physical-chemical processes 
Dr Andrew Feitz 

Life cycle assessment 

Associate Professor Sven Lundie  

Odour and atmospheric pollutant assessment and management 
Dr Richard Stuetz 

 
 

4.1 Environmental microbiology and pathogen risk assessment 
 

Discipline Leader: Professor Nick Ashbolt 

New risk management-based water guidelines have recently been 
released by the World Health Organization and the National Health 
and Medical Research Council. CWWT researchers played a 
significant role in the development of these guidelines for 
recreational and drinking water, which is continuing with the national 
and international revisions of water reuse guidelines. The principal 
factor promoted to harmonise priorities across all water exposures 
(for drinking, reuse and recreational waters) is that of tolerable 
disease burden – estimated by epidemiologic and quantitative risk 
assessment studies. CWWT is playing a leading role in the 
development of the latter. 

 

As a consequence of the new guidelines, less emphasis will be placed on assessing end-of-treatment 
or point-of-contact contaminant concentrations, rather the major focus is now placed on upstream 
process performance within catchments/treatment systems at major control points. Quantitative 
microbial risk assessment (QMRA) is emerging as the principal method that provides both target 
values for pathogens at control points, as well as what latitude there is for their control. 

 

Major CWWT-lead projects through the CRC for Water Quality and Treatment (CRC-WQT), American 
Water Works Association Research Foundation (AwwaRF) and the European Union (via support from 
DEST) are providing critical data for assessing pathogen risks from catchments-to-taps and are also 
aiding in the uptake of the hazard analysis critical control point (HACCP) risk management approach. 
To facilitate its use we are also developing QMRA management tools that will allow the industry to 
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estimate on a systems level, pathogen risks and integrate that information with economic, social, 
engineering and life cycle assessment tools (being developed within CWWT, CRC-WQT and CSIRO). 

 

Highlights and important findings from current projects include: 

• Assessment of pathogens from on-site systems suggests that appropriate design criteria and 
maintenance rather than the set-back distance to catchment waters are the most critical factors. 

• Virus transport within un-saturated soils and groundwaters and human health risk is now being 
modeled in two dimensions (with HYDRUS-2D) following a collaborative project with leading Dutch 
researchers. 

• Fate and transport of Cryptosporidium, E. coli and various viruses from faecal sources over land 
have lead to several key findings, including the role of riparian vegetation in impeding Cryptosporidium 
but its minor role for bacteria and that it is insignificance for virus transport. 

• Pathogens appear to be readily inactivated in faecal pats and soils during summer but not 
during cold periods. Furthermore, they are largely mobilized as single entities – important findings for 
modelling. 

• Data summarizing the range of key pathogens, indicators and surrogates in drinking water 
tributaries across southern Australia during baseflow conditions and rain events is now available to aid 
risk assessments. 

• Fully protected catchments provide in excess of the equivalent in pathogen reduction to that of 
water filtration. In contrast, septic-impacted catchments may result in 100 to > 10,000 fold increases in 
pathogen risks when extracting drinking water from rivers or small reservoirs. 

• Faecal source tracking and load estimates are possible thanks to a CWWT-CSIRO (CRC-WQT 
funded) jointly developed decision support system (DSS). A large range of faecal sterol and microbial 
data can be input and interpreted by water quality staff using our DSS, and it is currently undergoing 
beta testing by the industry.  

• Legionella pathogens that develop with amoeba within domestic hot water pipe biofilms have 
been shown to be partly resistant to chlorination and heat (80°C) treatments through protection in 
amoeba cysts (in a collaborative project with the Swedish Institute for Infectious Disease Control). 

• Further collaboration with the Swedish group (funded by the Swedish Urban Water MISTRA 
program) is leading to system life-time models for pathogen risks associated with a variety of urban 
water and wastewater alternatives. Examples being studied include urine-separation and its use in 
agriculture, domestic greywater reuse, and vacuum blackwater digestion and reuse for wastewater 
streams; and raw water supply to households with point-of-use treatment for domestic use.  

For further information please contact Associate Professor Nicholas Ashbolt: N.Ashbolt@unsw.edu.au 
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4.2 Physical-chemical processes, contaminated 
sediments and groundwaters 

 

 

Discipline Leader: Dr Andrew Feitz 

 

The Physical – Chemical Processes discipline area within the Centre for 
Water and Waste Technology conducts research into physical and chemical aspects of both the 
natural aquatic environment and engineered water and wastewater treatment systems. The areas of 
principal activity through 2004 included advanced oxidation and redox technologies, acid sulphate soil 
management, and factors influencing the bioavailability of iron in marine systems and the role of iron 
in stimulating the growth of toxic cyanobacteria in coastal waters. 

 

Current and recent project highlights include: 

Research during 2004 confirmed that nano sized particles of iron metal (nano zero valent iron, or 
nZVI) can produce powerful oxidants when exposed to O2. The oxidants, called hydroxyl radicals, are 
capable of destroying virtually all organic contaminants. Quantification of the process was made 
possible through collaboration with Prof David Sedlak from the University of California, Berkeley. Prof 
Sedlak was a visiting Fulbright Fellow and worked closely with the team at UNSW to obtain a better 
understanding of the nZVI/O2 process. The discovery provides an easy way to generate powerful 
oxidants that greatly broadens the application of ZVI treatment. Collaborative studies with DSTO found 
that nZVI/O2 process is capable of degrading different classes of compounds that normally require 
separate treatment processes. Addition of organic complexants further enhances the process as found 
by Mr Quan Sun, a PhD student working on the new ARC Linkage project “Application of nano-sized 
zero valent iron particles to agrochemicals degradation through Fenton's reagent oxidation”. The 
linkage project receives additional industry support from Waste Technologies Australia Ltd. During late 
2004, the Centre said farewell Dr Sung Hee Joo who accepted a postdoctoral fellowship at Yale after 
completing her PhD studies in the research area. 

 

High pH ozonation is a technology that featured in the Centre activities during 2004 and is likely to 
receive greater prominence during 2005. High pH ozonation, unlike normal ozonation, is an advanced 
oxidation technology capable of producing hydroxyl radicals (like the above nZVI/O2 process). It is 
ideal for treating high pH industrial wastewaters contaminated with organic contaminants that are 
resistant to biodegradation. The Centre was commissioned to investigate the suitability of high pH 
ozonation for the removal of odourous compounds from a ferro alloy smelting facility wastewater. The 
results of initial trials were successful with ongoing trials, including quantification of the extent of odour 
reduction through olfactometry and trace air analysis, planned for 2005.  

 
Collaborative work with the UNSW School of Biological, Earth and Environmental Sciences (BEES) 
and with the Centre for Resource and Environmental Studies (CRES) at the Australian National 
University into acid sulphate soil (ASS) management continued through 2004. Of major interest has 
been the investigation of the temporal variation of acid generation through rainfall events and 
assessment of the role of metal hydrolysis in acid generation and transport. The suitability of both 
passive and active approaches to neutralising acid discharge from broadacre ASS regions has also 
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been examined with pilot scale treatment systems constructed and operated in the Tweed Shire 
region. These studies have been conducted with support from the Australian Research Council, the 
Tweed Shire Council and farmers in the Tweed Shire region. New funding has been received through 
the Australian Research Council for studies focussing on the transport of contaminants from ASS 
regions to adjacent waterways. 

 

Additional funding has been obtained to extend a major research programme into investigating factors 
influencing the bioavailability of iron in marine systems. Considerable progress has been made in 
understanding the transformations of iron that occur in seawater and the effect of terrestrial organic 
compounds on these transformations. Dr Andrew Rose joins the Centre in early 2005 to spearhead 
these activities.  

 

Activities on the ARC Linkage project “Floc Characteristics in Sheared Systems: Implications to Low 
Pressure Membrane Filtration in Water Treatment” in collaboration with the school of Chemical 
Engineering and Industrial Chemistry, UNSW continued through 2004. This project is supported, in 
part, by industrial partners Vivendi Water Australia and Vivendi Water’s research arm Anjou 
Recherche in Paris and involves studies of the fouling of submerged membranes in water treatment.  

 

The ARC Discovery Project “Optimal design and operation of submerged hollow fibres for flocculated 
feeds”, a collaborative project between CWWT and the UNESCO Centre for Membrane Science and  
Technology in the School of Chemical Engineering and Industrial Chemistry, also continued through 
2004. This project, on which ARC Postdoctoral Fellow Dr Sheng Chang is supported, involves 
examination of both the fouling and cleaning of submerged membranes in wastewater treatment. 

For further information please contact Dr Andrew Feitz: Andrew.Feitz@unsw.edu.au 

 

 

4.3 Life cycle assessment 
 

 

Discipline Leader: Associate Professor Sven Lundie  
  
 
Life Cycle Assessment (LCA) is a method developed to model and evaluate 
the mass and energy balance of inputs and outputs of systems and to 
organize and convert those inputs and outputs into environmental themes 
with regard to resource use, human health and ecological sustainability. LCA takes into account 
environmental impacts over the entire life cycle of a product or service, from the extraction of raw 
materials, through to the consumption and final disposal of the product. In other words, it is a method 
for determining the 'environmental burden of a product from its design through to production and then 
final disposal'. 
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Research and Consulting Projects 

Intensive research is undertaken in the areas of  

• Life Cycle Assessment 

• Life Cycle Costing 

• Sustainability 

• Triple-Bottom-Line reporting 

• Environmental Economics and 

• Input-Output Analysis 

The above methods have a wide application in the water industry, waste management, food and 
manufacturing industry, clean technologies and tourism sector. Projects have been carried out for 
clients from industry and Governmental Organisations. 

Teaching  

In 2004 Sven Lundie conducted an advanced Life Cycle Assessment short course for UNSW students 
and people from industry.  

The objectives of this subject were to: 

• Develop an in depth understanding of Life Cycle Thinking (“cradle-to-grave” approach) and of 
Life Cycle Assessment methodology applied to complex product and service systems; 

• Provide an understanding of the interdependencies of the technosphere, environment and 
society; 

• Expose students to real world applications of LCA methodology, i.e. LCA, Life Cycle Costing 
and sustainability case studies from industry; and  

• Be able to understand the data requirements and GaBi4 software modelling and then be able 
to carry out simplified LCA case studies. 

The feedback from the students on this course was very positive (survey results “outstanding”) and it 
will be offered annually to students and also externally to company personnel. 

CVEN4727 Environmental Engineering Practise (CVEN4727) students compiled under the supervision 
of A/Prof Sven Lundie the first Triple Bottom Line Report of the University of New South Wales in 
order to establish UNSW at the forefront of sustainable development of Higher Education 
Organisation. The document is a key to developing community and stakeholder awareness of UNSW’s 
activities. It may serve to sharpen UNSW’s ability to assess its contribution to natural, human and 
social capital and to highlight necessary improvements and unanticipated opportunities. The report 
has been carried out in accordance with the Global Reporting Initiate Guidelines. It is planned to 
update and publish the report in 2005. 

Additionally, Sven Lundie gave lectures on waste management technologies, ecological footprint as 
well as sustainability. 

National and international Collaborations 

• United Nations Environmental Program (UNEP) / Society of Environmental Toxicology and 
Chemistry (SETAC) Life Cycle Initiative: In 2003 the UNEP/SETAC Life Cycle Initiative 
established 9 Task Forces to promote LCA globally and to improve the quality of LCA 
methodology. This initiative can be seen as a new phase in the international collaboration on LCA 
(see http://www.uneptie.org/pc/sustain/lcinitiative/ for further details).  
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The aim of the cross-cutting activities is to address questions in relation to life cycle approaches 
that have been identified as relevant in the overall user needs assessment, but that have not been 
further developed. 

Associate Professor Lundie was appointed as a Chairman of Task Force 3 – LCI methodological 
consistency. The aims of Task Force 3 are the identification and comprehensive description of 
core methodological issues, the development of a consistent framework for analysis and 
evaluation of different methodological approaches and a practice-oriented decision tree for the 
choice the most appropriate method(s) for the study at hand, as a situation-dependent 
recommended practice. A further aim is to initiate research on methods improvements and to 
stimulate development of more consistent LCI modelling practices. It is aimed to finalise the report 
on methodological issues by the beginning of 2006. 

• Australian Ecolabelling Association (AELA): Sven Lundie is a Scientific Advisor and accredited 
Assessor for AELA. Sven was involved in setting up the Association and in developing several 
standards of various product types. 

• Energy from Waste (EfW) Division – Waste Management Association Australia: Sven Lundie is a 
member of the EfW Devision in New South Wales. The aim of this division is to analyse global 
trends in EfW technologies and assess their environmental and economic performance. The 
results may support strategic decision making in the Australian waste management sector. 

 

For further information please contact Associate Professor Sven Lundie at: S.Lundie@unsw.edu.au or 
Dr Greg Peters at: g.peters@unsw.edu.au 

 

 

4.4 Odour and atmospheric pollutant assessment and management 

 

Discipline Leader: Dr Richard Stuetz 

Odorous emissions from environmental sources (such as waste 
facilities, wastewater treatment plants, and agricultural practices) are 
areas of increasing community annoyance to local receptors. To 
improve the management and treatment of these emissions, new 
knowledge on the identification and generation of environmental 
emissions is required. 

 

The mission of the research group is to provide research and training on the assessment and 
management of environmental emissions and odours by exploring generic approaches in the 
sampling, measurement, and treatment of odorous emission from agricultural, waste management and 
wastewater treatment facilities.  
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Figure 1: Odormat olfactometer (Aromatrix, 
Singapore). 

 

The group installed a new Odormat olfactometer (Fig 1) in September 2004 and has re-established its 
olfactory services to industry and governmental agencies (http://www.odour.unsw.edu.au/services.html).  These 
analytical services will compliment its chemical analyses facilities using gas chromatography-mass 
spectrometry.  The group will continue to develop its analytical capacity with the installation of new gas 
chromatography-mass spectrometry-olfactometer (GC-MS-O) system in 2005.  This instrument allows 
for the integration of olfactory analysis with GC-MS for solving complex odorants.  These new 
analytical systems will compliment existing technical expertises: 

 
 Sampling and measurement of odours from different sources 
 Sampling and measurement of the major odorous compounds such as VOCs, PAHs, 

ammonia and hydrogen sulfide 
 Improvement and optimisation of the equipments for determining the emissions from specific 

industrial and agricultural sources 
 Odour dispersion modelling 
 Odour environmental impact assessment and odour management 

 

Current research areas / projects include: 

 
 Biofiltration of methane emissions from landfill waste disposal sites using recycled waste 

products (Dr Gareth Swarbrick) (Figure 2) 
 Development of indoor air quality (IAQ) indicators and methodology for inclusion in Green 

Globe 21 Benchmarking program (Dr Guatam Chattopadhyay) 
 GC-MS-O for odorant analysis (Dr Richard Stuetz) 
 Application of eNOSE technology to odour abatement monitoring (Dr Richard Stuetz) 

 

The group undertook a number of technical reviews for industry on odour sampling and measurement 
and submitted research proposals to the Australian Research Council and Poultry CRC. Dr Stuetz 
also organised a Workshop at the Enviro 2004 conference in Sydney on Sampling for Odour 
Measurement.  
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Figure 2: Biofiltration of methane using recycled material. 

 

During 2005, the group will be developing a two day Workshop for scientists, engineers and regulators 
in local government, environmental agencies and industry. The workshop will be supported by the 
International Water Associations (IWA) and aims to promote a wider understanding of the current 
issues in the assessment and management of environmental emissions and odours. The training 
activities will consist of lectures and practical demonstration of odour sampling and measurement 
including dilution olfactometry testing. 

 

For more information, please contact Dr Richard Stuetz at r.stuetz@unsw.edu.au or visit our new 
website http://www.odour.unsw.edu.au 
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5 Project details 
5.1 Overview 

Project 
No. 

Key Project 
Proponents 

Research Topic & Collaborating 
Organisations 

Granting 
Organisation 

2004 
Research 

Funds  
(ex GST) 

Total 
Project 

Allocation 
(ex GST) 

2004/1 N.J. Ashbolt 
J. Chung 

Development of fluorescent oocysts for testing 
the efficacy of water treatment plants to 
remove Cryptosporidium and Giardia 

 

SPIRT industry 
agreement with 

BTF Pty Ltd 

$24,799 $82,635 

2004/2 N.J. Ashbolt 
N. Altavilla 

Dispersion, transport and persistence of viable 
Cryptosporidium oocysts in catchment soils 
and raw water reservoirs 

ARC SPIRT  
Industry 

contribution from 
EGIS Consulting 

and Sydney 
Catchment 
Authority 

 

$6,505 $79,029 

2004/3 N.J. Ashbolt 
D.J. Roser 

Monitoring and Management of pathogens in 
surface and subsurface waters (in 
collaboration with Melbourne, Perth, Canberra 
and SA water departments) 

Additional database development for 
Melbourne Water 

CRCWQ&T 
(Project 2.2.1) 

Melbourne Water 

 

$11,766 

 

 

 

 

$988,853 

 

 

$20,000 

 

2004/4 N.J. Ashbolt    
K. Charles 

With          
C. Davies 

Options for the management of pathogen and 
nutrient risk in the performance of on-site 
wastewater management systems 

Assessment of on-site buffer distances 
(column experiments) 

Sydney Catchment 
Authority 

 

 Ecowise 

$48,351 

 

 

$35,538 

 

$317,786 

 

 

$40,000 

 

2004/5 N.J. Ashbolt 
C. Ferguson 

C. Davies   
C. Kaucner 

Fate and transport of pathogens in surface 
waters of watersheds (in collaboration with 
American Water Works Association Research 
Foundation, Sydney Catchment Authority, 
Melbourne Water, Water Services Association 
of Australia and KIWA [Dr G. Medema]) 

CRCWQ&T 
(Project 2.2.2) 

and AwwaRF 

 

$56,748 $1,100,000 

2004/6 N.J. Ashbolt 
D. J. Roser 

Development and Application of a HACCP-
Based 'catchment to bather' approach for 
Lake Parramatta 
 

Upper Parramatta 
River Catchment 

Trust 

$10,939 $75,500 

2004/7 N.J. Ashbolt 
D. J. Roser 

Development of a Public Health monitoring 
programme: Microbial Pollution 

Penrith Lakes 
Development 
Corporation 

$16,000 $27,000 

2004/8 N.J. Ashbolt Australian input to systems analysis within the 
MISTRA programme sustainable urban water 
management – phase 2 in collaboration with 
the Swedish Institute for Infectious Disease 
Control and Prevention 

 

Chalmers 
University of 
Technology  

$39,979 625,000 
SEK 
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Project 
No. 

Key Project 
Proponents 

Research Topic & Collaborating 
Organisations 

Granting 
Organisation 

2004 
Research 

Funds  
(ex GST) 

Total 
Project 

Allocation 
(ex GST) 

2004/9 N.J. Ashbolt 
D.J. Roser  

S. Petterson 

 

Microbial risk assessment - a scientific basis 
for managing drinking water safety from 
source to tap in collaboration with KIWA 
(Netherlands) for the United Nations 

Department of 
Education, Science 

& Training 
International S&T 

Policy & 
Programmes 

 

$143,065 $377,603 

2004/10 N.J. Ashbolt Research methods for monitoring drinking 
water quality. Advice provided to SKM for a 
project with SCA. 

 

Sinclair Knight 
Mertz 

$3,600 $23,665 

2004/11 N.J. Ashbolt 
C. Ferguson 
C. Kaucner 

Prioritisation of land uses and rectification 
actions to reduce public health risk from 
pathogens in collaboration with BABS 
(UNSW). 

 

Sydney Catchment 
Authority 

$133,627 $161,913 

2004/12 N.J. Ashbolt 
C. Ferguson 

Comparative Trial of Cryptosporidium Parvum 
genotyping methods in collaboration with a 
number of organisations including: SCA, 
Melbourne Water, Monash University, KIWA 
(Netherlands), PHLS Crypto Lab (UK) 

Additional contribution to the project 

 

CRCWQ&T 

 

 

 

Melbourne Water 

$66,492 

 

 

 

$13,043 

$123,000 

 

 

 

$15,000 

2004/13 N.J. Ashbolt    
S. Lundie 

Development of an integrated sustainability 
framework for best management practice of 
urban water systems (LP0455742) 

ARC linkage with 
Water Services 
Association of 

Australia and Total 
Environment 

Centre 

$35,667 $174,338 

2004/14 N. J. Ashbolt 
D. Livingston 

Decentralised urban water management for 
sustainability: frames and change pathways 
for a socio-technical problem; Scholarship 
topup and support 

 

CRCWQ&T $7,891 $20,000 

2004/15 D.J. Roser 
N.J. Ashbolt 

A.J. Feitz   
C. Davies 

Disinfection of Drinking Water Using 
Advanced Oxidation Technology 

UNSW Foundation $4,000 $25,000 

2004/16 T.D. Waite  
A.J. Feitz  

Organic contaminant degradation using zero-
valent iron nano-particles in collaboration with 
CSIRO Land & Water 

 

CRCWMPCL 
(Project 03-6039) 

$28,809 $255,807 

2004/17 T.D. Waite  
A.J. Feitz   

Factors influencing the bioavailability of iron in 
marine waters 

 

ARC Discovery $79,286 $203,111 
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Project 
No. 

Key Project 
Proponents 

Research Topic & Collaborating 
Organisations 

Granting 
Organisation 

2004 
Research 

Funds  
(ex GST) 

Total 
Project 

Allocation 
(ex GST) 

2004/18 T.D. Waite  
B. Neilan     

T. Lukondeh 

Factors influencing the proliferation of the 
toxic cyanobacterium Lyngbya majuscula in 
south-east Queensland coastal waters (in 
collaboration with UNSW School of 
Geography,  Queensland University and 
industry partner WBM Oceanics)  

ARC SPIRT  
(Project 

C19937066) & 
Dept Natural 
Resources 

Queensland 

 

$4,796 $181,175 

2004/19 T.D. Waite  
T. Lukondeh 

Prediction and management strategies for 
blooms of the toxic cyanobacterium Lyngbya 
majuscula in coastal Australian Waters 

 

 

Queensland  
University Sub-

Contract of Industry 
Partners for ARC 

SPIRT 

 

$124,778 

 

 

 

 

$386,042 

 

 

 

 

2004/20 T.D. Waite  
T. Lukondeh 

Development of In-Vitro  culture of Lyngbya 
Majuscula 

Moreton Bay 
Waterways and 

Catchment 
Partnership 

 

$13,959 

 

 

$24,150 

 

 

2004/21 T.D. Waite  
T. Lukondeh 

Life cycle of Lyngbya: DNA analyses of 
sediments in Moreton Bay 

Moreton Bay 
Waterways and 

Catchment 
Partnership 

 

$12,706 $23,000 

2004/22 T.D. Waite  
O. Devos 

Degradation of trace contaminants using 
sonochemistry and peroxide scavenging 
advanced oxidation 

 

ARC International 
Linkage 

$25,427 $50,000 

2004/23 T.D. Waite   Floc characteristics in sheared systems ARC Linkage, 
APAI, Vivendi 

Australia, Vivendi 
Water 

 

$62,123 $177,405 

2004/24 T.D. Waite   Generation and transformations of iron and 
manganese in Lake Burragorang  

 

CRCWQT $33,779 $93,000 

2004/25 T.D. Waite  
A.J. Feitz 

Defence applications of ZVI technology (initial 
scoping project) 

 

 $7,500 $7,500 

2004/26 T.D. Waite  
A.J. Feitz 

Application of nano-sized zero valent iron  
particles to contaminant degradation through 
Fentons reagent oxidation 

 

 39,529 $170,055 
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Project 
No. 

Key Project 
Proponents 

Research Topic & Collaborating 
Organisations 

Granting 
Organisation 

2004 
Research 

Funds  
(ex GST) 

Total 
Project 

Allocation 
(ex GST) 

2004/27 T.D. Waite     
M. Melville 

Reducing export of acid sulfate soil products 
(particularly iron, aluminium, phosphorus, and 
organic carbon) as contaminants to coastal 
waters ( LP0455697) 

ARC with Tweed 
Shire Council and 

Sugarcane 
Growers of 
Queensland 

$9,663 $406,500 

2004/28 T.D. Waite     Contribution to support clay gel research 
investigations in collaboration with Prof I. 
White (ANU) 

ANU Res Sch 
Physical Sci & Eng 

$15,000 $15,000 

2004/29 A.J. Feitz    
J. Guan      
X. Wang 

Assessment of advanced oxidation 
technologies for odour control 

TEMCO $14,500 $58,000 

2004/30 S. Lundie    
A.J. Feitz 

Analysis of environmental impacts caused by 
the distribution of retail dairy products and 
post-consumer phase of packaging materials 
in collaboration with QDPI 

Dairy Australia $3,526 $39,000 

2004/31 S. Lundie    
A.J. Feitz 

Life Cycle Assessment of the Australian Dairy 
Industry communications document 

 

Dairy Australia 

 

$16,000 $16,000 

2004/32 S. Lundie    
A.J. Feitz 

Comparative Environmental Life Cycle 
Assessment of two wastewater treatment 
options 

Bega Cheese $10,000 $10,000 

2004/33 S. Lundie    
A.J. Feitz 

Life Cycle Assessment of a 1000g block of 
Bega Tasty Cheddar Cheese 

Bega Cheese $29,206 $34,000 

2004/34 S. Lundie     Environmental and economic rating scheme 
for air conditioning systems 

Environment 
Australia 

$20,088 $160,313 

2004/35 S. Lundie    
P. Beavis 

Best Practice LCA Guidelines for  Waste 
Water Industries 

 

CRCWMPC $12,035 $137,080 

2004/36 S. Lundie    
S. Sharmeen 

Development of a novel ecological footprint for 
environmental reporting of companies in 
collaboration with Sydney University and 
Sydney Water 

 

ARC Linkage 
Sydney Water  
sub-contract 

$63,000 $141,422 

2004/37 S. Lundie     Concepts and measurement of tourism 
yield  for sustainable tourism Integrated 
destination modelling for  sustainable 
tourism in collaboration UNSW School of 
Economics 

CRC Sustainable 
Tourism 

$6,806 $14,139 

2004/38 R. Stuetz Using Recycled Organic Material for 
Stormwater treatment in collaboration with R. 
Mclaughlan (UTS) 

 

Centre for Organic 
Resourse 

Enterprises through 
UTS (Sydney) 

$8,802 $8,802 
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5.2 Project summaries 
Summaries of selected projects that were either completed or were active during 2004 are provided 
below. 

Project 2004/3: Monitoring and management of pathogens in surface and subsurface 
waters  

Project Leader: Prof Nicholas Ashbolt 

Project Manager: Dr David Roser 

Project Participants: Sean Blasdall (CWWT), Melita Stevens (Melbourne Water), Glyn Ashman (SA 

Water), Karla Billington (SA-EPA), Keith Cadee (Water Corp., WA), Alan Wade (ACTEW-AGL), Carl 

Magyar (ECOWISE Environmental, ACT), Dennis Steffensen and Dan Deere (CRCWQ&T) 

Funding Bodies: Funding is through CRCWQ&T 

Duration: April 1999 – March 2004 

This project involved five state based sub-projects (in VIC, SA, WA, ACT, NSW) examining different 
source water types and impact levels in an integrated fashion. The work addressed the following 
issues regarding source water microbiology: 

 
• What is the baseline (dry weather, average) water quality in model sources waters ranging 

from fully protected, through grazing to heavily impacted dairy and septic sub-catchments? 
• How far do surface water pathogens penetrate into groundwater systems? 
• What is the impact of ‘events’ in particular high rainfall periods? 
• How can microbial sources be identified geographically with a view to better management? 
• How can microbiological data quality be managed by managers? 

 

The project collected and analysed the hydrology and a comprehensive set of water quality data from 
eight systems supplying water to between 10,000 and 100,000 customers (examples shown in Figures 
3, 4 and 5). Water quality analyses included pathogens, microbial indicators, biomarkers, physical and 
chemical quality and particle size. Overall rainfall and flow information was collected from six surface 
and two principal groundwater systems.  

A critical finding for surface waters 
was that impact was directly related 
to rainfall-induced runoff, and 
therefore sampling during relatively 
dry periods provides minimal 
indication of the level of pathogen 
risk. For example, load 
measurements showed that as 
much as 300 years worth of dry 
weather pathogen contaminant 
loads could be exported during 1 
day in a single ‘small’ event. 
Further, preceding weather 
conditions were as important to 
know as were millimetres of rainfall. 

Figure 3:  Small weir pool in a fully protected catchment. 
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For the latter, storm intensity and duration are the principal components. 

To characterise pathogens and indicators during rain events, data covering 23 hydrographs were 
collected. The project developed techniques and strategies for large volume event based sampling 
(Figure 6); and generated data on event timecourse behaviour between catchments, and within and 
between events with recurrence periods of >l in 1 month to 1 in 4 years, to which stormwater industry 
approaches to describing mean event loads and concentrations were adapted for faecal 
microorganisms.  

 

 

Figure 4: Turbid river in dairy-
impacted catchment. 

 

General water quality could often 
be estimated from a limited 
number of samples (<4 per 
event). This is because over the 
hydrograph of any single event, 
microbial quality was generally 
more constant than expected 
(with log10 standard deviations for 
indicators generally being < 0.3). 
The most important sources of 
pathogens could vary as rainfall intensity and catchment saturation vary. For example, in some 
catchments the pathogen pollution from septic systems became evident only during the most 
extensive rainfall events. No evidence was found for increasing contaminant dilution with increasing 
event size. Thus events more extreme than the largest observed in the study (one in four years) must 
be assumed to generate at least as poor quality for the time being.  

Vulnerable groundwaters 
were assessed in a 
general quality survey of 
two vulnerable aquifers 
and the measurement of 
contaminant removal 
along a pollution gradient. 
Concentrations of 
contaminants even in the 
vulnerable (production) 
bores were very low or 
below analytical detection 
limits but monitoring bore 
quality data had very high 
variance highlighting the 
potential for missing 

infrequent contaminated bores during routine surveys. Of the indicators tested, enterococci (rather 
than E. coli), was the preferred bacterial indicator for timely warning of faecal contamination. In the 
future, however, value may be gained in also testing for coliphages (bacterial viruses that move in a 
similar manner to human viruses).  

 

 

Figure 5: Groundwater extraction in the Perth Metropolitan Area. 
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Key site monitoring (downstream in major tributaries) during dry and event conditions can provide an 
overall view of source water health and likely contaminant source classes. It cannot, however, identify 
the principal ‘non-point’ contaminant source(s) or unequivocally quantify point source impacts during 
periods of pathogen mobilisation.  

The combination of reconnaissance plus event based sampling and geographical analysis highlighted 
the need to routinely complement water quality measurements with hydrography and catchment 
surveys to fully exploit the data collected. To aid in interpretation of a range of indicator and biomarker 
data a decision support system was developed (FaecalPrint) and is under evaluation. Forensic style 
identification of faecal sources was developed to pin-point the origin of NPS pollution and enable 
evaluation of the effectiveness of remedial catchment works.  

 

Figure 6: The ‘Octopus’ Event water sampler for 24 x 20-L and 1-L (refrigerated) samples. 

 

Project 2004/4: Options for the management of pathogen risk in the performance of 
on-site wastewater management systems 

Project Leader: Prof Nicholas Ashbolt 

Project Participants: Katrina Charles (CWWT), Dr David Roser (CWWT), Dr Dan Deere (SCA), 
Robert McGuinness (SCA) 

Funding Bodies: Sydney Catchment Authority (SCA) 

Duration: May 2000 – April 2005 

A limited base of scientific research exists in the area of on-site sewage treatment and disposal 
systems from which to derive guidelines that adequately protect sensitive environments from pathogen 
and nutrient contamination. This CWWT project is addressing this deficit through field and laboratory 
experimentation on pathogen and nutrient attenuation in on-site sewage treatment systems and in the 
environment in which the effluent is disposed. Based on the experimental results, modelling of 
contaminant transport and a risk assessment of on-site systems in the Sydney drinking water 
catchments is being undertaken which will enable the translation of the scientific results into 
management outcomes, including a method for delineation of buffer distances within these 
catchments. 
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Consideration of the relative contaminant 
inputs to the Sydney drinking water 
catchments from other diffuse sources 
(such as agriculture and dairying) has 
identified human enteric viruses as the 
primary contaminant of concern from 
decentralised wastewater disposal, and 
hence the focus of the experimentation 
and modelling has been on viruses.  

Experimental programmes have been 
developed to quantify both the effluent 
quality from different treatment and 
disinfection systems and the extent of 
effluent movement from sewage land 
application systems.  

 

 

The results and outcomes of this project will 
be used by the Sydney Catchment Authority 
to assist in their risk management, planning 
and development control. The information 
will also be available to other decision 
makers, and will be integrated with the 
results of other on-going research to 
improve the management of on-site sewage 
treatment and disposal systems in general. 

The modelling package HYDRUS-2D is 
being used for virus groundwater studies 
associated with potentially leaking sewers 
and aquifer storage and recovery 
operations. 

 

 

Project 2004/6: Recreational water quality monitoring and management – Lake 
Parramatta stages 1 and 2 

Project Leader: Prof Nicholas Ashbolt 

Project Manager: Dr David Roser 

Project Participants: Dr Cheryl Davies (CWWT), Peter Morison (Parramatta City Council), Stephen 

Lees (UPRCT), Diana Kureen (UPRCT), Stephen Wyllie (WRL) 

Funding Bodies: Upper Parramatta River Catchment Trust 

Duration: 2003-2006 

 

Figure 7: Failing on-site sewage land application systems 
(irrigation systems shown above) represent a public health 

risk. 

 

 

Figure 8: Failing on-site sewage land application systems 
(surfacing effluent from an absorption trench shown above) 

represent a public health risk (directly and via water). 

 



 Centre for Water and Waste Technology 

Annual Report 2004  Page 21  

Lake Parramatta is the decommissioned water supply for the City of Parramatta and is located 2 km 

north of the City’ central business district, the geographical centre of Sydney. Until 20 years ago the 

10 hectare reservoir was a much used primary recreation site. With increased urbanisation and 

contaminated run-off however its quality degraded to the point where it was closed to swimming 

primarily due to its poor microbiological quality. In 2002 the Upper Parramatta Trust determined to 

remediate the lake and its environs with a view to reopening it through its ‘Swim Toward 2005’ 

initiative. As it was not clear though how this would be achieved, the Upper Parramatta Trust 

approached the CWWT to advise it in light of the Centre’s experience in environmental pathogen 

research. As a result of this the CWWT proposed a 3 stage project based application of the new 

WHO(2003) guidelines to provide a framework for minimising risk to bathers, and identifying and 

remediating pathogen sources. The proposal was accepted in principle and work initiated in mid 2003. 

As with Penrith Lakes (see below) the project was seen as providing a general test of Guideline utility. 

More importantly it was seen as an opportunity to research the use of risk principles for identifying how 

a poor quality site might be restored to use and managed over the long term.  

Stage 1 involved a desktop and reconnaissance survey based evaluation of the current status of the 

Lake. It indicated that while the Lake was probably currently still unsuited to swimming, recent 

catchment management might be improving the quality. It was concluded that a comprehensive 

evaluation of water quality during dry weather should be undertaken to determine the current scale of 

contamination, how extensive the required remediation would be and what were the major sources of 

pathogens. Stage 2 was implemented as a result in mid 2004. Initial data suggests that contrary to 

Stage 1 assessments Lake Parramatta may now on the verge of being suitable for primary recreation 

during dry weather (95% of season). The likely reason is better management of wildfowl and toilet 

block facilities, and possibly upstream sewage inputs. The main remaining uncertainty regarding risk 

to prospective users is the fate and transport of contamination from stormwater and sewage during 

and immediately after high run-off (proposed for addressing in Stage 3). A risk minimisation strategy 

based on restricting access in response to events using real time hydrological monitoring is being 

developed (Figure 9). 

 

Figure 9: Aerial photograph of Lake Parramatta and proposed zoning to minimise risk to bathers if re-openned. 
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Project 2004/7: Recreational water quality monitoring and management – Penrith 
Lakes 

Project Leader: Prof Nicholas Ashbolt 

Project Manager: Dr David Roser 

Project Participants: Rebecca Wright (PLDC) 

Funding Bodies: Penrith Lakes Development Corporation 

Duration: 2004 

Penrith Lakes is a major residential and recreational development located on the banks of the 

Hawkesbury Nepean River in Western Sydney (Figure 10). It was the site of the rowing and 

whitewater events of the 2000 Olympics. The environmental managers of the site decided in 2003 to 

review and revise their environmental management systems and move toward ‘Worlds Best Practice’ 

in light of recent advances including the introduction of the new WHO (2003) and NHMRC (2003 draft) 

risk assessment based Recreational Water Guidelines. The CWWT was commissioned to review 

existing waterborne pathogen related data in light of these guidelines and develop recommendations 

for new management approaches. 

CWWT undertook risk classification on the existing main Lakes based on the Sanitary Inspection and 

Microbial Quality category criteria in the new guidelines. The latter guidelines had at the time not been 

extensively trialled in Australia or elsewhere and the project provided an initial opportunity to research 

the strengths and weaknesses of the guidelines. The work was done in conjunction with similar work 

on Lake Parramatta (as described above). The key finding was that the during dry weather Lake water 

quality was of the highest category (A) but that during high run-off periods its quality degraded 

significantly. The study identified a) simple criteria based on inflow rates for determining whether on 

any given day the water was suitable for recreation of not, and b) strategies for better management 

(e.g. real time warning, better control of upstream detention basins).     

 

Figure 10: Artists Impression of Penrith Lakes Scheme once completed. The rowing lakes are those visible in  

the foreground. 
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Project 2004/8: Australian input to systems analysis within the Swedish MISTRA 
programme ‘Sustainable Urban Water Management’ 

Project Leader: Prof Nicholas Ashbolt 

Project Participants: Dr Susan Petterson (CWWT), Dr Michael Storey and from the Swedish Institute 

for Infectious Disease Control, Prof. Thor Axel Stenström, Therese Westrell, Jonas Långmark 

Funding Bodies: MISTRA via Chalmers University of Technology  

Duration: July 2002 – July 2005 

A microbial risk assessment (MRA) tool is the primary research outcome from several Ph.D. students 
and research fellows associated with the MISTRA project. Pathogen behaviour within urban water 
systems from communities within Sweden (Gebers, Vibyåsen & Hammarby Sjöstad in Stockholm, and 
Vasastan in Gothenburg) has been studied. Epidemiologic and literature values were also utilised to 
estimate viral, bacterial, parasitic protozoan and helminth pathogen ranges in source materials and 
their removal by the key system units (modelled by rotavirus/adenovirus, Campylobacter, 
Cryptosporidium and Ascaris numbers respectively), and described as probability density functions 
(PDF).  

The MRA tool is based on following the flux of key pathogens through any likely type of sustainable 
urban water system, and identifies likely human exposure points and risks. The MRA tool allows 
selection of system components and provides relevant data on performance and reliability of each unit 
operation (e.g. sand filter, chlorination, etc. called a hygiene modifying unit [HMU]) (Figure 10) and 
likely points of exposures. Estimated infections for the life-time of a system structure are annualised 
and compared with other options, and system robustness is estimated based on the range in 
variability of infections (determined by Monte Carlo simulations with each unit operation PDF) and 
ability to manage risks. Hence, relative comparisons are the prime output of the model, although 
disease risks are also expressed in a qualitative manner based on the conditional probability of 
infection, to enable integration with other sustainability assessment output (Figure 11). 

 

Figure 11:  General schematic of MRA tool for microbial assessment (left), and  overview of the Swedish Urban 
Water Project components used to aid in the assessment of overall system sustainability (right). 

 

 

 

Source water

Water treatment

Water use

Wastewater

Wastewater treatment

System Zone Hygiene Modifying
Unit (HMU)

Primary Inputs

Human/animal faeces
(Epi data/dilution/ratios)

Human/an faeces
(Epi data/assay)

Blackwater
Yellowwater
Greywater
Stormwater

River/lake water
Groundwater
Rainwater
Recycled

Flows based on Nos. people
& separation of streams

Secondary Inputs

Coagulation/floc
Sedimentation
Filtration
Disinfection/Dist’n

Biosolids to land

R
ec

yc
le

AS/trickling filter
Clarifier/sand filter
MF/UF/RO
Disinfection
Dilution

Source water

Water treatment

Water use

Wastewater

Wastewater treatment

System Zone Hygiene Modifying
Unit (HMU)

Primary Inputs

Human/animal faeces
(Epi data/dilution/ratios)

Human/an faeces
(Epi data/assay)

Blackwater
Yellowwater
Greywater
Stormwater

River/lake water
Groundwater
Rainwater
Recycled

Flows based on Nos. people
& separation of streams

Secondary Inputs

Coagulation/floc
Sedimentation
Filtration
Disinfection/Dist’n

Biosolids to land

R
ec

yc
le

AS/trickling filter
Clarifier/sand filter
MF/UF/RO
Disinfection
Dilution



Centre for Water and Waste Technology 

Page 24 Annual Report 2004 

Project 2004/9: Microbial risk assessment - a scientific basis for managing drinking 
water safety from source to tap 

Project Leader: Prof Nicholas Ashbolt 

Project Participants: Dr David Roser, Dr Susan Petterson, Mr Ryan Signor in collaboration with 
KIWA water research (Netherlands, lead by Dr Gertjan Medema through the European Union 
MicroRisk project) 

The primary objective for CWWT 
researchers in the MicroRisk project is to 
undertake pathogen variability and 
uncertainty assessment in a dozen 
catchment-to-customer case systems. 
Two of the systems will be Australian, 
whereas the remainder represent major 
types of systems across Europe at leading 
water companies.  

Initial work has focused on selecting the 
most appropriate mathematical techniques 
to handle data from source waters and to 
identify the range of hazardous events that 
may increase pathogen risks. Subsequent 
work will include assessments of treatment 
performance, distribution system hygiene, 
consumption volumes and dose-response 
models. The selection of appropriate 
stochastic model parameters has included 

maximum likelihood estimations using Bayesian methods involving Markov Chain Monte Carlo 
simulations and various bootstrapping options. The importance of individual parameter estimates will 
be assessed by various sensitivity measures, with particular emphasis placed on possible effects of 
pathogen clumping at source, following treatment and within distribution biofilms.  

The project is now in its most active research stage for the CWWT team. UNSW is acting as the 
clearing house of all quantitative risk data and undertaking risk analysis at 3 levels of sophistication or 
Tiers in line with its responsibility for ‘Workpackage 6. The lowest Tier 2 is being applied to all 12 
CTCs. The next Tier 3 is being applied to the 4 best described systems. The highest Tier 4 analysis is 
being used on the Australian system. 

A major secondary outcome is the acquisition of data on the Hazardous ‘Event’s which are central to 
the new Australian qualitative risk approach. Much emphasis is placed on controlling such events. The 
analysis being undertaken in MicroRisk will provide extensive statistics on the frequency duration 
scale and type of these events in source waters, water treatment plants and the distribution systems. 

Funding Bodies: Department of Education Science and Training (DEST) International Science 
Linkages Programme, established under the Australian Government’s innovation statement Backing 
Australia’s Ability. 

Duration: 2003 to 2005 

 

Figure 12:  One of the hazardous events in a system: drinking 
water mains break and repair. 
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Enormous leverage is being gained by 
our DEST-supported activities in this 
leading EU initiative. Results will not 
only provide a generic framework for 
quantitative microbial risk assessment, 
but also enable rationale setting of 
target levels at critical control points for 
system management. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Project 2003/11: Comparative trial of Cryptosporidium parvum genotyping methods 

Project Leader: Prof Nicholas Ashbolt 

Project Manager: Christobel Ferguson 

Project Participants: Cooperative Research Centre for Water Quality and Treatment and a number 
of collaborating organisations including: Sydney Catchment Authority, Melbourne Water, Monash 
University, KIWA (Netherlands), National Public Health Service Cryptosporidium Laboratory (UK), 
Melbourne University, Centre for Diseases Control (USA), Istituto Superiore di Sanita (Italy). 

Funding Bodies: CRC for Water Quality and Treatment and Melbourne Water 

The project was designed to compare the currently available methods for typing Cryptosporidium 
isolates from environmental samples. Seven sub-typing methods were explored in the trial by five 
laboratories in the Netherlands, Italy, Australia and USA.  A workshop entitled “Application of 
Genotyping Methods to Assess Pathogen Risks from Cryptosporidium in Drinking Water Catchments” 
was held at the International Water Association Biennial Conference, Marrakech, September 23, 2004. 
The primary goal of the trial and workshop was to assess the utility of the current Cryptosporidium 
genotyping methods for determining the public health significance of oocysts isolated from feces in 
potable water supply watersheds. An expert panel of 16 watershed managers, public health 
practitioners and parasite genetics researchers was assembled. A subordinate goal of the workshop 
was to educate watershed management and public health practitioners. Recommendations on the use 

 

Figure13: Water storage tower, a part of the overall water storage 
and distribution system. 
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of current methods by watershed managers and public health practitioners have been proposed. 
Importantly, all the methods that reported in the trial were mutually supporting and found to be 
valuable and worthy of further utility and development. Where there were choices as to which method 
to apply, the small subunit ribosomal RNA gene was considered to be the default genetic locus to 
target. The sequencing-based methods were considered the most valuable if discrimination was only 
required at the genotype level and where there was a relatively small number of samples to be 
analysed. The single strand conformational polymorphism method was considered potentially the most 
valuable for discriminating to the subgenotype level and where a large number of samples were to be 
analysed at the genotype level. A research agenda for protozoan geneticists was proposed to improve 
the utility of methods into the future.  

 

Project 2004/13:  Sustainability framework - methodology for evaluating the overall 
sustainability of urban water systems 

Project Leader: Associate Professor Sven Lundie 

Project Participants: Professor Nick Ashbolt (CWWT), Elizabeth Lai (CWWT), Daniel Livingston 
(CWWT), Alex Kazaglis (CWWT),  Erik Kärrman (CIT Urban Water, Chalmers University, Sweden), 
Jennifer Blaikie and John Anderson (Sustainable Water Division of the NSW Department of 
Commerce, Sydney) 

Funding Body: Water Service Association Australia 

Duration: October 2004 – April 2005 

A consortium representing members of the Centre for Water and Waste Technology (UNSW, Sydney), 
Sustainable Water Division of the NSW Department of Commerce (Sydney) and CIT Urban Water 
(Chalmers University, Sweden) won the WSAA tender to develop a Methodology for Evaluating the 
Overall Sustainability of Urban Water Systems. The need for this methodology has been growing for 
several years, and was recently spurred on by the Intergovernmental Agreement for a National Water 
Initiative, which identified the need to create water sensitive cities and specifically called for the 
development of “national guidelines for evaluating options for water sensitive urban developments, 
both in new urban sub-divisions and high rise buildings”. To assist the urban water industry to achieve 
sustainable use of scarce water resources, the industry needs to develop a methodology for 
evaluating the sustainability of the various supply and demand options taking into account economic, 
environmental, human health, technical and social considerations. 

The project brief indicates that the urban water industry wants to develop a common methodology for 
evaluating the overall sustainability of alternative options for urban water systems. This includes large-
scale options for cities as well as configurations of water sensitive urban developments or single high 
rise developments. In particular the brief called for a common methodology for evaluating overall 
sustainability of alternative options for urban water systems, noting the range in alternative tools and 
approaches currently being used. The project will be completed in 2005. 
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Project 2004/15: Disinfection of drinking water using advanced oxidation technology 

Project Leader: Dr David Roser 

Project Participants: Dr Andrew Feitz, Dr Cheryl Davies, Prof. Nick Ashbolt. 

Funding Bodies: Funding is through UNSW Foundation 

Duration: 2004-2005 

Summary background 

Advanced oxidation technology has been developed by the CWWT for treating chemical wastes. The 

technology is seen as also having potential for disinfection water of pathogens. The project involves 

the application of UNSW reactors designs which optimise the quantity of light available for generating 

hydroxyl radicals, the chemical species believed most likely to have a disinfection capacity. 

 

Project 2004/17: Factors influencing the bioavailability of iron in marine waters 

Principal Investigators: Professor David Waite and Dr Andrew Feitz 

Project Participant: Andrew Rose (APA Doctoral Student) 

Funding Body: Australian Research Council 

Duration: January 2002 – December 2004 

Strong evidence now exists that iron availability controls the productivity and species composition of 
planktonic organisms in open oceans and coastal and estuarine environments. The mechanisms by 
which iron is rendered available and induces growth remain unclear but appear to involve, in many 
instances, light and both generic and specific organic complexants of iron. In this study, we 
investigated the effect of selected naturally occurring complexants on redox transformations of iron 
with particular emphasis given to the potential ability of organics and light to increase the 
bioavailability of iron. 

 

The major objectives of this project were: 
• Refinement and optimisation of the flow injection chemiluminescent technique for Fe(II) and 

H2O2 analysis. 
• Examination of thermal Fe(II) removal and concomitant H2O2 production in “clean” seawater 

containing selected well-defined organic compounds. 
• Examination of Fe(II) and H2O2 generation on photolysis of “clean” seawater to which selected 

organic compounds are added. 
• Thermodynamic and kinetic modelling of the results obtained experimentally; and  
• Examination of the impact of dynamic iron redox cycling on rate of iron siderophore complex 

formation. 
 

Studies have proceeded smoothly with output enhanced by the participation of APA doctoral student 
Andrew Rose on this project. Papers have been published on refinement and optimisation of the flow 
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injection chemiluminescence technique and on the effects of both simple organic compounds and 
complex natural organic matter on both the oxidation of Fe(II) and the complexation of both Fe(II) and 
Fe(III). In addition, an important study on the rate of formation of particulate iron oxyhydroxides in 
marine systems has been completed and published.  
 

 

 

Studies on the effects of light on redox 
transformations of iron have yielded surprising 
results which have led us to investigate both 
the generation of reactive oxygen species and 
iron transformations in simple quinone 
systems under seawater conditions. Results of 
these studies have highlighted the importance 
of the superoxide radical anion as a key 
intermediate in the cycling of iron and have led 
to a range of startling discoveries surrounding 
the role of this species in marine systems. 

Figure 14. Conceptual diagram showing transformations  
of iron in aquatic systems. 

 

 

Project 2004/19: Prediction and management strategies of toxic cyanobacterial 
blooms (Lyngbya majuscula) in coastal Australian waters 

Project Leaders: Prof David Waite, Dr Judy O’Neal (University of Queensland) 

Project Participants: Dr Tredwell Lukondeh (CWWT), Mr Simon Albert (Centre for Marine Botany, 
UQ), Mr Andrew Rose (UNSW) and Mr Tim Salmon (UNSW). 

Funding Bodies: Australian Research Council (ARC), Queensland Department of Forestry, Moreton 
Bay Waterways and Catchments Partnership. 

Duration: January 2002-December 2004  

The aim of the work is to describe the complex biogeochemical relationship between the growth of 
Lyngbya majuscula in Moreton Bay, and the supply of iron and organic matter into the bay. Work over 
the past year has focused mostly on iron acquisition by the cyanobacterium. The areas investigated 
were: 
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• Extracellular generation of superoxide by Lyngbya; 

• Chemistry of reduction of ferric-organic complexes by superoxide;  

• Investigation of the biochemical pathway(s) for extracellular superoxide generation and its 
implication to iron uptake by Lyngbya. 

 

Superoxide generation by Lyngbya majuscula 

This phase of work has involved the development of a conceptual model for iron acquisition by 
Lyngbya based on a superoxide-mediated reductive strategy (Figure 16). Superoxide is the one-
electron reduced form of dissolved oxygen, and is a highly reactive free radical that can reduce iron 
from Fe(III) to the more soluble Fe(II) state. We have tested this model using highly sensitive and 
analyte-specific chemiluminescence-based techniques to measure production of superoxide by 
Lyngbya under various conditions.  

 

 

Superoxide-mediated reduction of ferric iron 

An important aspect of both abiotic 
transformations of iron in coastal waters and the 
influence of Lyngbya on iron chemistry is the 
reduction of Fe(III) to Fe(II) by the superoxide 
radical. Iron may be reduced by superoxide to the 
Fe(II) state, against the thermodynamically 
favoured trend in oxygenated marine waters. In 
addition to its generation by Lyngbya, superoxide 
is also generated in relatively high concentrations 
by photochemical processes. We have 
investigated these reductive processes by 
photochemically generating superoxide under 
controlled conditions, allowing subsequent 
determination of its reaction with iron complexed 
with a variety of synthetic and naturally occurring 
organic ligands. These experiments have 
indicated that superoxide will reduce a range of 
iron complexes, with weaker complexes reacting 
more efficiently than stronger complexes.  

 

 
Figure 15. The FeL model of superoxide-mediated 

iron uptake in L. majuscula. 

 

 

Iron uptake by Lyngbya majuscula 

We have used the radioisotope 55Fe to measure iron uptake under various conditions and through the 
use of selected inhibitors, deduced the key factors controlling iron uptake by Lyngbya majuscula 
(Figure 16). Effect of concentration of various iron chelators on iron uptake has assisted in confirming 
key features of our hypothesised strategy for iron acquisition by Lyngbya. 
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Figure 16. Uptake of iron by L. majuscula when iron was supplied as Fe(III)-EDTA in the presence of 
diphenyleneiodonium chloride (DPI), superoxide dismutase (SOD), and bovine serum albumin (BSA). 

 
 

Future directions 

As our understanding of the iron metabolism of Lyngbya is rapidly improving, we are approaching a 
point where we can begin to accurately assess the impact of iron supply on the organism. Combined 
with field studies in collaboration with the University of Queensland, we have also improved our 
understanding of sources of iron and transport in Moreton Bay. Future work (funded by a new ARC 
grant) will now focus increasingly on combining this knowledge to generate ecosystem-scale models 
with predictive capabilities that will allow us to implement appropriate strategies to control, and 
hopefully prevent, blooms of the this toxin-producing cyanobacterium in Moreton Bay. This work will 
also have generic importance to our understanding of iron biogeochemistry in the coastal zone and 
the management practices that will be necessary to protect this fragile system in the future.  

 

 

Project 2004/23: Floc characteristics in sheared systems: Implications to submerged 
membrane filtration 

Principal Investigators: Professor David Waite, Professor Tony Fane (UNESCO Centre for 
Membrane Science and Technology), Dr Graeme Bushell (School of Chemical Engineering) 

Funding Body: Australian Research Council (Linkage Project LP0347117) 

Duration: July 2003 – July 2006 

In this project, we are examining the effect of coagulant choice and coagulation conditions on the 
nature of the flocs formed in drinking water treatment using submerged membrane systems (Figure 
17) and on the extent of fouling, contaminant removal and difficulties in backwash. Specific objectives 
of the project are to i) improve our understanding of the effect of solution composition and mixing on 
the size, structure and strength of particulate assemblages formed by the coagulants alum and 
aluminium chlorohydrate in the absence and presence of “contaminant” particles, and ii) to investigate 
the fouling behaviour of these particulate assemblages in laboratory and prototype scale submerged 
membrane filtration systems over a range of operating conditions. 
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Two APAI students have been appointed to this project. Suvinai Santiwong commenced in mid 2003 
while Peter Kovalsky commenced in early 2004. Mr Santiwong is involved particularly in studies of 
cake behaviour in fixed pressure dead-end membrane filtration systems while Mr Kovalsky is 
investigating the effect of mixing conditions on both floc size and structure and the resulting properties 
of the cake depositing on membranes.  

 

Computer controlled constant pressure filtration 
rigs have been constructed for the filter cake 
studies and Mr Santiwong has made excellent 
progress in use of these rigs using both latex and 
well-characterised bentonite particles. The effect 
of ionic strength and pH on the transport and 
compressibility properties of cakes formed from 
latex particles show expected trends with a 
decrease in permeability on increase in ionic 
strength due to the reduction in double layer 
repulsive effects that occurs at higher ionic 
strength. Results using bentonite exhibit quite 
different effects with a gross change in structure 
of aggregates in the filter cake at higher cation 
concentrations inducing a dramatic increase in 
permeability (Figure 18). A variety of standard 
and developing methods of analysing cake 
transport and compressibility characteristics have 
been used to delineate these effects. Similar 
approaches will now be used to investigate the 
characteristics of filter cakes formed in systems to 
which coagulants such as aluminium sulfate and 
aluminium chlorhydrate have been added. 
Studies using natural waters will also be 
undertaken once analytical and modelling 
approaches are sound. 

 

 

Figure 17. Photo of typical submerged membrane 
filtration system where permeate is drawn through 

membranes by vacuum. 
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Figure 18. Impact of change in solution ionic strength 

on filterability of montmorillonite suspensions. 

As mentioned above, the second APAI student (Mr Kovalsky) is focussing on the effects of 
hydrodynamic conditions on floc and cake properties. Couette flow is being used to generate well-
defined hydrodynamic conditions and the impact of these conditions on size and structure of flocs 
formed from both latex and yeast are being investigated. At this stage, aggregation is being induced 
by addition of divalent cations (MgCl2) prior to investigating more complex systems to which particulate 
coagulants are added. Depositional behaviour of flocs formed under controlled hydrodynamic 
conditions onto flat sheet membranes will be examined using both the DOTM facility and by critical 
flux measurements. Mr Kovalsky has just completed his first year of studies and is making good 
progress in setting up his experimental system and developing modelling approaches suited to this 
system. 
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Project 2004/26: Application of nano-sized zero valent iron particles to contaminant degradation 
through Fenton’s reagent oxidation 

Principal Investigators: Prof David Waite and Dr Andrew Feitz 

Funding Body: Australian Research Council (Linkage Project LP0348062) 

Duration: March 2004 – April 2007 

Zero-valent iron (Fe0
(s) or ZVI) has been used to remediate a variety of contaminants. In particular, 

reductive reactions of ZVI have been employed in permeable reactive barriers to remediate 
groundwater contaminated with halogenated solvents and reducible inorganic contaminants.  
Nanoscale zero-valent iron (nZVI) has been suggested an alternative means of exploiting the reactivity 
of zero-valent iron without the need to construct passive barriers.  The main advantages of nZVI are 
its high reactivity and the potential for introducing the particles directly into contaminated soil and 
groundwater. Recently, it has been demonstrated that zero-valent iron oxidizes organic compounds 
when it is used in the presence of oxygen.  The byproducts observed during ZVI-mediated oxidative 
degradation of molinate and phenol are consistent with the action of a non-specific oxidant such as the 
hydroxyl radical (OH•).  

 

This nZVI-mediated oxidative process is being investigated in this project using both model 
compounds that are known to be efficient hydroxyl radical scavengers (such as benzoic acid) and 
compounds typical of contaminated environments (such as the herbicide molinate) (Figure 19). Initial 
studies on both molinate and benzoic acid degradation have been undertaken by doctoral student Ms 
Sung Hee Joo. A second doctoral student (Mr Quan Sun) has been appointed and is continuing 
investigations of both the effect of iron complexants on the efficiency of the process and on the 
properties and reactivity of nanosized zero valent iron particles formed by alternative (less expensive) 
means. 

 

 
Figure 19. Schematic showing the nZVI-mediated oxidative degradation of the herbicide molinate. 

 

Studies have been undertaken on the performance of nZVI particles both in suspension and attached 
to a sand matrix (typical of application in a deep bed filter). In addition, a novel approach to use of ZVI 
for degradation of surface (air-exposed) contaminants has been patented. A patent has also been 
lodged on alternative methods of producing nanosized zero-valent iron particles. 
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Project 2004/27:  Reducing export of acid sulfate soil products (particularly iron, 
aluminium, phosphorus, and organic carbon) as contaminants to coastal waters. 

Principal Investigators: Professor David Waite, Associate Professor Mike Melville 

Funding Body: Australian Research Council (Linkage Project LP0455697) 

Duration: July 2004 – June 2007 

The overall objective of this project is the development of innovative yet practicable floodplain management 
techniques which are designed to reduce the impacts of acid sulfate soil (ASS) drainage products on 
estuarine and coastal water quality. These ASS drainage products include metals such as iron, aluminium 
and manganese species (Figure 20) as well as phosphorus and natural organic matter. These products are 
important drivers of emerging coastal water quality problems including metal toxicity to aquatic organisms 
and stimulation of growth of harmful algal blooms. Particular attention is being given to the role of natural 
organic matter in maintaining elements such as iron, aluminium and phosphorus in dissolved form such that 
they are transported widely in estuarine and coastal systems.  
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Figure 20. Contribution of dissolved metal species to the calculated oxidized titratable acidity (OTA) for samples 

of McLeods Creek drainage waters in the Tweed Shire region of New South Wales. 
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Project 2004/29: Assessment of advanced oxidation technologies for odour control 
Principal Investigators: Dr Andrew Feitz, Dr Xinguang Wang and Dr Jing Guan 

Funding Body: TEMCO  

Duration: August 2004 – May 2005  

The TEMCO ferro alloy smelting facility, located in Bell Bay, Tasmania, has a history of complaints 
due to odour emissions from its wastewater ponds. In stage one of this project it was identified that 
mitigation of odour emission from TEMCO might be best achieved through ozonation of the solids 
separated wastewater. The TEMCO wastewater is characterized by a high fraction of soluble but 
highly odourous organics. Despite only reducing the wastewater TOC by ~10% and COD by ~30%, 
ozonation of the wastewater during the first stage of the project resulted in removal of over 99% of the 
primary odour causing compounds and a led to a noticeable decrease in odour from the treated 
wastewater (qualitatively). Studies in 2005 will quantify the reduction in odour following ozonation and 
measure the concentration of odorants in air.  

 

 

Project 2004/30-31: Environmental evaluation of the Australian dairy industry 

Project Leader: Dr Sven Lundie 

Project Participants: Dr Andrew Feitz (CWWT), Department of Primary Industries in Queensland 

Funding Body: Dairy Research and Development Corporation 

Duration: 1998 to March 2005 

In August 2003 the Centre for Water and Waste Technology completed a research project on the 
environmental evaluation of the Australian Dairy industry funded by Dairy Australia. The DRDC report 
sets out a Life Cycle Assessment (LCA) of major Australian dairy products. 

The report, based on a comprehensive six-year study of the industry, highlights where environmental 
impacts occur in the supply chain so dairy companies can strategically focus their future efforts to 
improve environmental performance.   

Companies within the industry know they continually need to improve their environmental 
management practices as society’s expectations about resource use efficiency increase. These 
expectations can already be seen in growth of non-tariff environmental trade barriers, international 
conventions and consumer expectations. 

By adopting a Life Cycle Thinking approach, dairy product manufacturers will be better able to secure 
their long-term viability, as greatest gains are likely to be achieved by manufacturers working with 
suppliers to encourage continuous environmental improvement throughout the supply chain.  

LCA is a decision-making tool that provides a cradle-to-grave snapshot of the environmental impact of 
an industry, by quantifying the inputs and outputs of all products and processes in the production and 
distribution chain. 

The report contains: 

• quantitative data on all inputs and outputs from the Australian dairy industry and their 
environmental impacts;  

• information on the relative impacts of different  product life cycle stages from farm inputs 
through to manufacturing warehouse, distribution, consumption and waste management of 
packaging materials; 
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• estimates of the relative environmental impact of different products and product combinations; 
and 

• a summary of how LCA can be used as a tool to assist industry planning to address the 
challenges of sustainability. 

The result has been enhanced by strong dialogue between researchers and industry through an 
industry steering committee and discussions with company representatives on the Dairy 
Manufacturer’s Environmental Forum. 

A public communications document has been written for the dissemination in the Australian Dairy 
Industry. 

 

 

Project 2004/33: Life Cycle Analysis of a 1kg block of Bega tasty cheddar cheese 

Project Leader: Associate Professor Sven Lundie 

Project Participants: Dr Andrew Feitz (CWWT) 

Funding Body: BEGA Cheese 

Duration: April 2004 – April 2005 

The aim of this project is to quantify the environmental impacts of 1kg block of Bega Tasty Cheddar 
Cheese across the supply chain. The environmental impacts are determined across the entire supply 
chain using ISO 14040 Life Cycle Assessment (LCA) methodology. The system investigated for Bega 
Cheese includes milk production in the Bega valley, production of farm inputs (e.g. grains and fodder), 
transportation of the raw milk to the Bega Cheese manufacturing plant, cheese manufacture, cheese 
packing, distribution to the supermarket and waste management of the packaging material. 

Two main sources of information were used in order to quantify all mass and energy flows throughout 
the system: 
• An extensive survey of 24 farms that supply raw milk to Bega Cheese plant (conducted by 

Outsourced Environmental); and  

• Bega Cheese plant data collected during site visits. 

This project will identify environmental hotspots along the supply chain and it will give the client the 
basis for strategic greening their product through supply chain optimisation. The project will be 
completed in 2005. 

 

 

Project 2004/34: An environmental rating scheme for air conditioning and refrigeration 
System using Life Cycle Assessment methodology 

Project Leader: Dr Sven Lundie (CWWT) 

Project Participants: EcoSteps Ltd. 

Funding Body: Environment Australia 

Duration: July 2002 – December July 2005 
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The Centre for Water and Waste Technology received funding from the Australian Government’s 
Department of the Environment and Heritage for carry out the project ‘An environmental rating scheme 
for air conditioning and refrigeration system using Life Cycle Assessment (LCA) methodology’. 

So far, three out of four Milestones have been completed, i.e.  

• Milestone 1 ‘Literature review and identification of criteria in consultation with stakeholders’; 

• Milestone 2 ‘LCA on commercial air-conditioning systems’; and  

• Milestone 3 ‘LCA on domestic air-conditioning systems’. 

The Milestone reports presented the technical, environmental and economic findings after applying a 
holistic life cycle approach to commercial and domestic air-conditioning (AC) systems using the 
refrigerants R123 and R134a for commercial AC systems and R22, R407C and R410A for domestic 
AC systems. 

In 2004 the focus has been on the development of an Excel-based rating tool that allows both 
environmental and economic assessment of various air-conditioning configurations. The tool will 
support decision makers in air-conditioning industry, government and non-governmental 
organisations. The software tool will be integrated into the building ratings tool NABERS. 

 

Project 2004/37:  Sustainability tourism yield 

Project Leader: Professor Larry Dwyer (School of Economics at the University of New South Wales) 

Project Participants: Associate Professor Sven Lundie (CWWT), Leo Jago (CRC for Sustainable 
Tourism)  

Funding Body: CRC for Sustainable Tourism 

Duration: July 2004 – April 2005 

A key theme of the Federal Government’s Tourism White Paper (2004) is that to attract visitors and 
generate repeat visitation, Australia’s tourism industry must earn a reputation for quality, value and 
variety. The White Paper claims that Australia should strive to be a ‘Platinum Plus’ destination, one 
that meets and exceeds customer expectations in terms of the quality and value it provides. To this 
end, Australian tourism stakeholders should be pro-active in developing new and innovative products 
and experiences with a focus on developing’ high-yield’ niche markets. A focus on ‘yield’ is an 
important aspect of business strategies to maintain and enhance Australia’s tourism competitiveness. 

The primary aim of the project is to develop tools for measuring and enhancing the yield from tourism 
at the business, regional and national level. This overall objective subsumes several more specific 
objectives by quantifying economic, environmental and social performance of different types of 
tourists. 

A/Prof Sven Lundie is in charge of quantifying environmental indicators including primary energy and 
water consumption, greenhouse gas emissions and land disturbance. The project will be completed in 
2005. 
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6 Postgraduate students  
 

6.1 CWWT supported research students 
The following research students have received scholarship, project funding and support through 
CWWT activities during 2003.  

Student Thesis topic Degree Supervisor 

Nanda Altavilla Factors affecting the fate and transport of Cryptosporidium 
parvum oocysts in catchments 

PhD N.J. Ashbolt 

Sean Blasdall Molecular epidemiology of Cryptosporidium PhD J.E. Ongerth 

Andrew Botfield Arsenic oxidation processes in groundwater PhD T.D. Waite 

Olga Braga Analysis of endocrine disrupters and pharmaceuticals in water 
recycling 

PhD A.J. Feitz 

Katrina Charles QMRA: A catchment  management tool for on-site systems in 
Sydney’s drinking water catchments 

PhD N.J. Ashbolt 

Jin Chung Novel fluorescent labelling of Cryptosporidium  oocysts for 
environmental tracking 

PhD N.J. Ashbolt 

Christobel 
Ferguson 

A deterministic model to quantify pathogen loads in drinking 
water catchments 

PhD N.J. Ashbolt 

Sung Hee Joo Application of zero valent iron particles to agrochemicals 
degradation 

PhD T.D. Waite 

Christine Kaucner Surface properties of Cryptosporidium oocysts. MSc N.J. Ashbolt 

Daniel Livingston Decentralised urban water management for sustainability: 
frames and change pathways for a socio-technical problem 

PhD N.J. Ashbolt 

An Ninh Pham Generation and Transformation of Iron and Manganese in 
Lake Burragorang 

PhD T.D. Waite 

Andrew Rose The role of iron as a stimulant to the growth of the 
cyanobacterium Lyngbya majuscula 

PhD T.D. Waite 

Tim Salmon Molecular biology of the cyanobacterium Lyngbya majuscula PhD T.D. Waite 

Suvinai Santiwong Characterisation of compressible cake and control of cake 
permeability in submerged membrane filtration: implications to 
low pressure membrane filtration in water treatment 

PhD T.D. Waite 

Nida Seelsaen Stability of Recycled Organic Material in Urban Water 
Treatment 

PhD R. Stuetz 

Ryan Signor Quantitative microbial hazard and risk assessment for urban 
drinking water 

PhD N.J. Ashbolt 
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Student Thesis topic Degree Supervisor 

Nyree Stenekes Risk and public consultation in water recycling PhD T.D. Waite 

Quan Sun Application of nano-sized zero valent iron particles to 
agrochemicals degradation through Fenton's reagent oxidation 

PhD T.D. Waite 
A.J. Feitz 

Natthira 
Tangsubkul 

Using Life Cycle Assessment and other environmental tools to 
support water recycling decision makings 

PhD T.D. Waite 

Susan Wadley Application of photo-Fenton’s processes to agrochemical 
degradation 

PhD T.D. Waite 
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6.2 Research student project summaries 
 
Nanda Altavilla  
 

Project: Factors affecting the fate and transport of 
Cryptosporidium parvum oocysts in catchments 

 

Supervisors: Prof Nicholas Ashbolt 

Funding body: ARC SPIRT, Egis Consulting Australia Pty Ltd, 
CRCWQT 

Duration: July 2000- June 2004  

Background: Since graduating from UNSW in 1988, Nanda 
has been involved with microbial ecology research at both 
Sydney and Macquarie Universities, working on various projects 
ranging from the degradation of pesticides and other recalcitrant 
pollutants to the assessment of River Health. In 2000, Nanda 
joined a multidisciplinary research team with the CWWT as a 
PhD student working on project 2003/5: “Fate and Transport of Surface Water Pathogens in 
Watersheds”. Nanda has also been involved with teaching both post graduate and undergraduate 
students and continues to do so as a guest lecturer at Macquarie University in Applied and 
Environmental Microbiology. 

Project summary: The focus is on the effect of environmental factors, namely temperature, moisture 
and biota, upon on the inactivation of Cryptosporidium parvum oocysts in faecal deposits. A rapid and 
simple method for the detection and quantification of potentially viable oocysts using fluorescent in situ 
hybridisation (FISH) was developed. Due to the simplicity of the method, it is believed that in future, it 
will be adopted by other researchers world wide. Using the FISH method, it was determined that there 
was no difference between the inactivation rates of oocysts on the surface or in the centre of artificial 
cow pats despite the fact that the surface of a cow pat is drier than the centre.  

Further investigation was conducted into the effect of temperature, moisture and biota, upon on the 
inactivation of oocysts in faecal matter in mulitfactorial experiments.  In order to design the 
experiments to accurately reflect the natural environment, temperature probes were inserted into 
freshly deposited cow pats at a dairy farm. In both summer and winter periods, temperature within the 
pats is buffered from the upper and lower extremes of diurnal fluctuations. The temperatures for the 
experiments were set up to reflect temperatures encounted by oocysts enmeshed in the centre of the 
pat.  Temperature has emerged as the main factor that effects inactivation, such that high 
temperatures lead to higher rates of inactivation. The inactivation rates generated from these studies 
will in future be incorporated into predictive models in order to aid water and catchment authorities to 
better manage waterborne pathogens. 

 

 



Centre for Water and Waste Technology 

Page 40 Annual Report 2004 

Andrew Botfield 

Project: Arsenic oxidation processes in groundwater 

Supervisors: Prof David Waite 

Funding body: CRC for Waste Management and Pollution Control Limited 

Duration: July 2001- December 2004  

Project summary: Arsenic contamination in groundwater is presently linked to approximately 125,000 
cases of skin cancer and 3,000 deaths per year in the nation of Bangladesh. Hand pumped tube wells, 
constitute 95% of the drinking water supply in rural Bangladesh. The first arsenic contaminated tube 
well, was identified by the Bangladesh Department of Public Health Engineering in 1993 and today it is 
estimated that 35 to 57 million out of a total national population of 130 million people are believed to 
be drinking water contaminated by arsenic. 

The United States Environmental Protection Authority (USEPA) has set the arsenic contamination 
threshold in drinking water to 10 µg/L and which has been legislated to take effect in the United States 
by January 23, 2006. Although arsenic contamination is predominantly a groundwater issue, large 
water supplies world wide, such as the Los Angeles Aqueduct (LAA) have major groundwater input 
and supply up to 75% of water to 3.7 million people at an arsenic contamination level of 20 µg/L. The 
additional cost to upgrade the presently unsatisfactory water treatment facilities for the LAA water 
supply to achieve this lower concentration threshold has been estimated at $1.47 billion per year. 

Both cost and resource efficient water treatment methods in regions such as Bangladesh and 
conventional water treatment systems for arsenic removal in more developed nations usually involve 
the initial oxidation of arsenite, As(III), to arsenate, As(V) and subsequent removal by coagulation, 
adsorption and filtration processes.  Many of the technologies applied to removing arsenic from 
ground water have been only partially successful due to a poor understanding of the fundamental 
oxidation and adsorption processes that occur.  

The project thus far has focussed on identifying the significant oxidants in a dark, pH 8.3, bicarbonate, 
iron/arsenic system: superoxide, hydroxyl and/or carbonate radicals – and to develop a kinetic model 
comprising the key reaction mechanisms and associated rates to describe the overall As(III) oxidation 
kinetics that are observed experimentally.  Once some of these key oxidants and a model for a simple 
system such as this have been established a model can then be developed to describe the overall 
oxidation kinetics of more complex systems that are closer to the natural environment encompassing 
light, organics and complex groundwater matrices.  A greater understanding of some of the 
fundamental arsenic oxidation processes occurring in such systems will allow water treatment systems 
to be not only further understood but also optimised. 
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Olga Braga 

Project: Fate of steroid estrogens in Australian inland and 
coastal wastewater treatment plants 

 

 

Supervisors: Dr Andrew Feitz (CWWT, UNSW), A/Prof 
George Smythe (BMSF, UNSW) and Dr Andrea Schäfer 
(University of Wollongong) 

 

Funding Body: BMSF and Faculty of Engineering Scholarships 

 

Duration: July 2001 – December 2004 

 

Project summary: Studies during 2004 validated earlier work that found natural and synthetic 
estrogens have a strong association with colloidal particles during wastewater treatment and in the 
environment. By separating the solid and liquid fractions of treated wastewater using high speed, low 
temperature centrifugation and measuring the estrogen content in each fraction, it was possible for the 
first time to conclusively demonstrate that a large fraction of estrogens are sorbed onto particles – 
100% for ethinylestradiol (EE2), over 50% for estradiol (E2) and approximately 30% for estrone (E1) in 
treated effluent. The results support observations of estrogens being found in marine sediments near 
the ocean outfall from a sewage treatment plant.  
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Katrina Charles 

 

Project: Quantitative Microbial Risk Assessment: A catchment 
management tool to delineate buffer distances for on-site sewage 
treatment and disposal systems in Sydney’s drinking water catchments 

Supervisors:  Professor Nick Ashbolt & Dr David Roser 

Funding Body: Sydney Catchment Authority 

Duration: June 2001 to September 2004 

Project summary: On-site sewage treatment and disposal systems in 
Sydney’s drinking water catchments discharge approximately equal loads of nutrients and pathogens 
as the centralised sewage treatment plants, which serving only 30% of the catchment population. 
What limits the water quality impact of these systems is that the effluent is commonly discharged to 
land, thereby allowing for additional treatment of the sewage. This research focuses on quantification 
of the treatment processes that occur during soil transport, with a view to enabling the delineation of 
buffer distances.  

 

Human enteric viruses have been selected as the contaminant of concern for this project due to the 
potential for severe health effects at low concentrations as well as their mobility and resilience in the 
environment. To date there has been no prescribed acceptable level of enteric viruses in surface or 
raw waters, but it is likely that the anticipated low virus threshold would be below current practical 
detection limits. Hence, a Quantitative Microbial Risk Assessment (QMRA) approach has been 
adopted, allowing definition of the buffer distance to be based on what has been considered a 
tolerable risk to drinking water consumers. The QMRA involves an indirect approach whereby enteric 
virus numbers in raw sewage were estimated, phage removal provided the range of reduction by 
treatment and transport, with groundwater modelling providing additional information on reductions to 
waterways, and uncertainties in gastrointestinal infections in consumers finally estimated by a dose-
response model.  

 

As part of this project, extensive work has been undertaken to characterise effluent quality from on-
site systems, and to assess effluent tranpsort and fate from on-site sewage land application systems. 
Geographic Information System data from Sydney Catchment Authority has been used to provide 
information on the locations of on-site systems, geography and climate. The HYDRUS model has 
been adopted for modelling effluent transport and fate due to it’s capability to model virus tranpsort. 

 

In 2003, Katrina completed 6 months in the Netherlands studying virus transport and fate modelling 
with Dr Jack Schijven, had two papers published in international journals and presented work from her 
thesis at the AWA Ozwater Conference in Perth, at the On-site ’03 Conference on Future directions for 
on-site systems: Best management practice in Armidale, as well as for the Sydney Catchment 
Authority and Hunter Septic Tank Action Group. Additionally, Katrina won a scholarship to attend the 
Business and Higher Education Roundtable CRC Leadership and Career Development Course in 
Melbourne in September. 
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Jin Chung 

Project: Novel fluorescent labelling of Cryptosporidium oocysts for 
environmental tracking 

Supervisors: Professor Nicholas Ashbolt 

Background: Jing completed BE (Bioprocess engineering) and MEnvSc 
from UNSW and worked a short period time as an environmental auditor to 
assess water and energy saving issues. 

Project summary: The objectives are to develop fluorescent 
Cryptosporidium oocysts  and possibly other surrogates that may be used to evaluate the efficacy of 
physical oocyst removal by water treatment processes, especially sand filtration. The novelty of this 
project lies in producing non-infectious, but multiple-fluorescent oocysts which can simply be detected 
and enumerated using a commercially available cytometer without interference from autofluorescent 
particles. The project involves three parts: development of surrogates, assessment of the surface 
properties of surrogates and pilot plant study of filtration process. 

• Development of FRET labelled surrogates: 

Fluorescence Resonance Energy Transfer (FRET) labelled Cryptosporidium parvum oocysts and 
Saccharomyces cerevisiae were successfully prepared. Low numbers of FRET labelled oocysts were 
seeded into concentrates of environmental samples, and were clearly quantified and distinguished 
from autofluorescing background typical of environmental water concentrates.  

• Assessment of surface properties: 

Hydrophobicity (Microbial adhesion to hydrocarbon (MATH) and octyl-sepharose beads assays and 
electrostatic property (DEAE-sepharose beads assay) were used to assess the surface properties of 
unlabelled oocysts and labelled oocysts and yeasts. Hydrophilicity and electrostatic properties were 
predominant properties over hydrophobicity. Pretreatment and oocyst age seemed more influential to 
surface properties than labeling. 

• Pilot plant study: Sand Filtration (Figure 21) 

Sand filtration was used to assess the 
behaviour of potential surrogates and 
unlabelled Cryptosporidium oocysts. Sand was 
pretreated, using several different methods, to 
enhance the removal capacity. Just 
considering the first half of the filtration 
experiment, there was no significant difference 
between unlabelled and labelled oocysts. 
However further detailed examination of the 
process, has shown minor differences 
between unlabelled and labelled oocysts in 
attachment and detachment processes. Major 
influences on the surface properties, however 
appear to be pretreatment, age and other 
environmental factors rather than labelling. 

 
Figure 21. Laboratory-scale examination of contaminant 

degradation in nZVI-doped sand columns.  
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Christobel Ferguson 

 
Project: Deterministic model of microbial sources, fate and 

transport: a quantitative tool for pathogen  

catchment budgeting 
 

Supervisors: Assoc. Prof. Brett Neilan (BABS, UNSW), Prof. 
Nicholas Ashbolt (CIVENG, UNSW), Dr Daniel Deere 
(CRCWQT), Dr Barry Croke (iCAM, ANU) 

 

Background: Christobel has a B. App. Sc.(Biomed) and M.Sc. 
from the University of Technology, Sydney.  She is employed 
as Principal Research Scientist with Ecowise Environmental, 
and is also an adjunct Senior Lecturer in the School of Civil and 
Environmental Engineering at the University of NSW. Christobel manages a range of microbiology 
research and development projects for Ecowise particularly in collaboration with the CRC for Water 
Quality and Treatment and the CRC for Environmental Biotechnology.  Specific research interests 
include quantifying the fate and survival of pathogens in aquatic and terrestrial ecosystems and the 
use of HACCP and modelling of contaminants in drinking water catchments. 

 

Project summary: A major issue for drinking water utilities is to predict potential pathogen loads 
from tributaries which are inputs to storage reservoirs.  Predicting pathogen loads is inherently difficult 
due to the high variability of both pathogen sources and pathogen transport following rainfall/runoff. 
This project aims to develop a mathematical model to predict pathogen loads for the Sydney drinking 
water catchments.  The model estimates pathogen loads and concentrations for key index pathogens 
(such as Cryptosporidium, Giardia, and E. coli) using GIS land use, water quality and hydrology data.   

The outputs from the model will 
quantify the source load of 
pathogens generated within 
each sub-catchment and the 
total exported load from each 
subcatchment.  The outputs can 
also be viewed as ranked lists of 
polluted catchments and as 
raster diagrams which highlight 
the subcatchments that have the 
highest load of pathogens. 

 

 
Figure 22: Predicted daily dry weather load of Cryptosporidium oocysts 

(log10) exported from the Wingecarribeee catchment. 
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Sung Hee Joo 

Project: Agrochemicals degradation using nano-sized zero-valent 
iron 

 

 

Supervisors: Professor David Waite, Dr Andrew Feitz, Professor 
David Sedlak 

 

Background: (2000-1999) Master of Engineering Science in 
Waste Management, School of Civil and Environmental 
Engineering, UNSW; (1994-1991) Bachelor in Natural Science, Dongduk Women’s University, Seoul, 
South Korea; (1998-1996) Chemist, Department of Environmental Research Laboratory, Institute of 
Industrial Pollution Co., Ltd, Seoul, South Korea; (1996-1995) Environmental Impact Assessor 
Department of Environmental Management, Institute of Industrial Pollution Co., Ltd, Seoul, South 
Korea. 

 

Project summary: Research during 2004 confirmed that nano sized particles of iron metal (nano zero 
valent iron, or nZVI) can produce powerful oxidants when exposed to O2. The oxidants, called 
hydroxyl radicals, and are capable of destroying virtually all organic contaminants. Quantification of 
the process was made possible through collaboration with Prof David Sedlak from the University of 
California, Berkeley. Prof Sedlak was a visiting Fulbright Fellow and worked closely with the team at 
UNSW to obtain a better understanding of the nZVI/O2 process. The discovery provides an easy way 
to generate powerful oxidants that greatly broadens the application of ZVI treatment. During late 2004, 
the Centre said farewell Dr Sung Hee Joo. Sung Hee takes up a postdoctoral fellowship at Yale.  
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Christine Kaucner 

 

Project: Effect of cell surface characteristics on the transport 
of pathogens in catchments 

 

Supervisors: Prof. Nicholas Ashbolt (CVEN, UNSW), Dr 
Cheryl Davies (CWWT) 

 

Background: Christine Kaucner is a part time Master of 
Science student at the CWWT, while she is a research 
assistant  associated on Centre pathogens research.  She has 
14 years experience in the water industry as a microbiologist 
and is currently a member of the Australian Standards for 
Water Microbiology committee.  She was employed full-time 
during 2003 on CWWT project 2003/5.  Her Masters project 
involves a study of the surface properties of Cryptosporidium oocysts, the environmentally stable 
stage of the enteric pathogen Cryptosporidium, which is shed in the faeces of various mammals. 

 

Project summary: Cryptosporidium oocysts can be transported overland by runoff during periods of 
rain.  Oocysts used in transport studies are typically extracted from contaminated faecal material.  
Contaminated calf faeces were the source of Cryptosporidium oocysts for transport studies.  The 
faecal slurries contain a quantity of lipids and other extraneous materials that the oocysts must be 
separated from prior to use in transport studies.  Slurries are defatted using a chemical agent, and 
oocysts extracted by further treatment with high ionic strength solutions.  Each process may cause a 
change in the surface properties of the oocysts, which in turn could affect their movement during 
transport studies.  In an effort to determine any potential effects on transport studies due to the 
extraction process of the oocysts, Christine is studying the surface properties of Cryptosporidium 
oocysts and comparing those of naturally occurring oocysts to those that have been through the 
defatting extraction process. 

 

Oocysts that have been extracted using a defatting method have been shown to be unlikely to 
aggregate at pH and ionic strengths typically found in the environment.  Furthermore, studies with soil 
settling columns indicated that these oocysts are not likely to attach to soil particles and instead 
remain as single entities in the water column.  This has implications with respect to transport studies 
and modelling of pathogen movement in runoff waters.  However, these studies need to be repeated 
with oocysts which have not been extracted using the defatting method.  Obtaining Cryptosporidium 
oocysts at a high concentration and purity for surface property studies without defatting the faecal 
slurries has proved difficult.  However, a method of extraction based on size exclusion rather than 
defatting agents shows some promise for a comparison to be made between the oocysts extracted in 
these different ways.   
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Daniel Livingston 

Project: Decentralised urban water management for sustainability: 
frames and change pathways for a  

socio-technical problem 

 

Supervisors: Prof Nicholas Ashbolt, Dr Hal K Colebatch 
(Department of Public Policy and Administration, University Brunei 
Darussalam) 

 

Background: Daniel has lived in about 20 different places – 
shifting almost every year of his life – between four different 
countries and four states of Australia.  He finished high school at 
Narromine in central NSW.  He then went to the University of Technology, Sydney, where he 
graduated in 2001 from a Bachelor of Engineering (Civil) with the university medal.  After spending a 
few months as a graduate engineer with Cardno MBK, with whom he worked for a total of about one 
and a half years during his degree, Daniel volunteered with ADRA Madagascar for five months, before 
commencing his PhD at UNSW. 

 

Project summary: Greater understanding of environmental sustainability is driving change in urban 
water management.  Much of this change is technological, and this has also been reflected in 
emphasis on engineering and technological research and innovation.  The social and institutional 
components of water management are often perceived as obstacles that must be overcome, e.g., 
through education. 

 

While not a panacea for all environmental and sustainability problems, decentralised urban water 
management options have been argued by many to provide a variety of advantages over the 
traditional centralised model.  The question of what sustainable water management in an urban 
environment such as Sydney is addressed, focusing specifically on arguments for and against 
decentralised urban water management. 

 

Examples of initiating and managing a transition to decentralised systems, or even installation of such 
systems in new areas, are not frequently observed.  This project demonstrates that decentralised 
urban water management options have been excluded, though generally not intentionally, by the 
embedded centralised institutions of water management.  While there are still ongoing needs for 
research and development of the technological and health aspects of decentralised urban water 
management, there is also a major need for understanding of the governance and social context 
within which decentralised systems might occur. Thus the project investigates methods of enhancing 
capacity for integrated water management through organisational, structure, discourse and decision-
making processes (involving multiple stakeholders and problem frames).   
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Project: Generation and 

 Transformation of Iron and Manganese in Lake Burragorang 

 

Supervisors: Prof. David Waite and Dr Andrew Feitz 

 

Funding body: CRC for Water Quality and Treatment 

 

Project summary: The primary objectives of this project are to: a) 
provide insight into the major sources and sinks of iron and manganese 
in Lake Burragorang through examination of available water quality data, 
b) examine the kinetics of selected transformations of iron and manganese between various species 
of importance in lake waters and develop a model that satisfactorily describes these transformations 
and c) examine rate of release of Fe, Mn and P from Lake Burragorang benthic sediments through 
laboratory and field investigation. 

 

Studies of the kinetics of ferrous iron removal in the presence and absence of organic ligands have 
been completed. The well-characterised Suwannee River fulvic acid has been selected as a model 
compound though additional studies will commence shortly using Lake Burragorang organic matter.  

 

Oxidation of inorganic Fe(II) by 
oxygen is slow at low pH but 
addition of organics changes the 
kinetics of removal of Fe(II) 
remarkably, reducing the half life of 
Fe(II) from hours to minutes. 
Increasing the concentration of 
SRFA also enhances the degree of 
Fe(II) removal. As shown in Figure 
23, experimental results obtained 
over a wide range of conditions are 
successfully described using a 
kinetic model which accounts for 
the transformations between Fe(II) 
and Fe(III) species. 

 

Future plan may include: a) investigating the release rates of Fe, Mn and P from the benthic sediment 
by undertaking on stirred suspensions of the collected cores maintained under anoxic conditions in the 
laboratory and b) examining the kinetics of adsorption of Fe(II) and Mn(II) onto the surface of iron 
oxyhydroxide particles. 

 

 

 

Figure 23: Observed and modeled removal of Fe(II) in the absence 
and presence of NOM at pH 7.02 
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Andrew Rose 

 
Project: Mechanisms of iron acquisition by the cyanobacterium 
Trichodesmium in coastal waters. 
 
 
Supervisor: Professor David Waite 

Background: Currently an ARC Postdoctoral Fellow in the 
School of Civil and Environmental Engineering, UNSW, Andrew 
completed his PhD on the availability of iron to the marine 
cyanobacterium Lyngbya majuscula in the School in 2005. He 
also graduated with a  B.Sc. (Mathematics) (UNSW) in 2002 and 
B.E. (Environmental, Hons. 1) (UNSW) in 2001; has worked as 
both a teaching assistant in the School of Civil and Environmental 
Engineering and as a Science Communicator with the Outreach Centre for Sciences at UNSW from 
2001 to the present; previously undertook industrial training in contaminated site assessment with 
URS, St Leonards NSW (April 2001 - June 2001), wastewater engineering with Sydney Water 
Corporation at West Hornsby Sewage Treatment Plant (January 2001 - April 2001), and 
environmental planning with Egis Consulting, Chatswood NSW (July 2000 - December 2000). 

 

Project summary: The main objective of the project is to examine the mechanisms by which the 
cyanobacterium Trichodesmium acquires iron from its environment. Trichodesmium is responsible for 
the production of much of the biologically available nitrogen in tropical marine waters, and is thought to 

depend on a supply of iron to achieve this. As the 
genome of the organism has recently been sequenced, 
Trichodesmium is an ideal organism for studying the 
relationships between iron speciation in the 
environment and its internalisation at the biochemical 
and molecular levels. Through a combination of 
laboratory studies, numerical modelling and field 
studies, 

 

In collaboration with researchers from Woods Hole 
Oceanographic Institution (WHOI), Andrew aims to 
determine the biochemical pathways for iron acquisition 
by Trichodesmium, along with the genes and proteins 
that are responsible. In addition, he hopes to determine 
the links between iron availability and other key 
biochemical processes such as nitrogen fixation and 
photosynthesis in Trichodesmium. This information will 
be used to predict the influence of iron availability on 
Trichodesmium growth and subsequent ecological 
impacts on the Great Barrier Reef. 

 

 

 

Figure 24: Morphology of the major 
Trichodesmium species (Source: 
http://www.whoi.edu /science/B/ 

people/ewebb/Tricho.html). 
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Suvinai Santiwong 

Project: Characterisation of compressible cake and control of cake 
permeability in submerged membrane filtration (SMF): Implications to 
low pressure membrane filtration in water treatment 
 

Supervisors: Prof. David Waite (School of Civil and Environmental 
Engineering), Prof. Anthony Fane (School of Chemical Engineering and 
Industrial Chemistry), Dr. Sheng Chang 
 

Background: 
- B. Engineering / B. Commerce (Australian National University) 
- M. Environmental Engineering Science / M. Commerce (UNSW) 

 

Project aims: 
- To improve our understanding of the effect of solution composition and mixing on the size, 

structure and strength of particulate assemblages formed by the coagulants alum and aluminium 
chlorohydrate (ACH) in the absence and presence of “contaminant” particles 

- To investigate the fouling behaviour of these particulate assemblages in laboratory and prototype 
scale submerged membrane filtration systems over a range of operating conditions 

 

Project summary: 

Numerous approaches have been developed to explain the cake filtration phenomenon. These 
approaches originate from various schools of thoughts, e.g. soil physics, dewatering, membrane 
separation, etc., each having its own set of terminologies and underlying assumptions, and, hence, 
different strengths and weaknesses. Our goal, at this stage, has been to develop an approach that 
would best explain cake structure and its behaviour through a better understanding of these available 
models. 

So far, dead-end constant pressure filtration experiments have been conducted using non-coagulated 
feed suspensions (UF of Polydispersed latex and MF of sodium montmorillonite), of which the analysis 
results have suggested that cake structure and filtration performance were greatly influenced by 
particle type, suspension ionic strength and applied transmembrane pressure. 

Interestingly, an increase in suspension ionic strength had the opposite effect on latex and clay cakes, 
i.e., the filtration performance of the latex system dramatically deteriorated with step increases in the 
suspension ionic strength while that of the clay system dramatically improved. We believe this is due 
to different particle association configurations among solids in the cake structure. Therefore, an 
understanding of major contaminants in raw water, and their behaviour, is the key for the development 
of a filtration strategy. 

Following traditional cake filtration theory, the cake structure and cake filtration performance were 
studied by investigating the porosity, permeability and specific resistance of filter cake formed on a 
membrane sheet. Latex formed filter cakes were found to be highly compressible, with sharp increase 
in specific cake resistance as a result of a step increase in applied transmembrane pressure and 
suspension ionic strength. On the other hand, the specific cake resistance of clay formed filter cakes 
were less responsive to step increase in applied transmembrane pressure, while an increase in 
suspension ionic strength was shown to dramatically increase the hydraulic permeability. 
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The analysis approaches developed by soil physicists allowed us to measure other cake parameters 
such as cake moisture, which was used to derive cake sorptivity, hydraulic conductivity and diffusivity 
values. While results analyses using these approaches lead to consistent conclusions with those using 
traditional approach, they have provided us with additional understanding of the cake structure. 
Moisture characteristics of clay formed filter cakes (Figure 1) and hydraulic conductivity profile (Figure 
2) allowed us to conclude that while being more permeable, filter cakes formed from feed suspension 
with higher ionic strength were, however, more porous (by trapping water inside a “closed” card-house 
structure), which contradicted with general perception of cake filtration using the DLVO theory. 

 

ϑ  = 21.59 - 5.08Ln|Ψ |
R2 = 0.98

ϑ  = 12.94 - 3.02Ln|Ψ |
R2 = 0.98

0

5

10

15

20

25

0.1 1 10 100

-Ψ  (mH2O)

M
oi

st
ur

e 
R

at
io

, ϑ

0.001M [CaCl2]
0.05M [CaCl2]

 

0.01

0.1

1

10

5 10 15 20 25 30 35

ϑ

10
10

. k
 (m

/s
)

0.1M NaCl 1M NaCl
1M NaCl pH8.8 0.5M NaCl + 0.5M Na2SO4
0.001M CaCl2 0.05M CaCl2
0.002M FeCl2 0.05M FeCl2

 

 

Figure 25: Moisture characteristics of filter cakes 
formed from clay suspensions with different Ca2+ 

salt concentrations at various applied 
transmembrane pressure. 

 

 

 

 

 

 

 

Figure 26: Hydraulic conductivity profile of filter 
cakes formed from clay suspensions with various 

salt concentrations. 
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Nida Seelsaen 

Project: Stability of Recycled Organic Material in Urban Water 
Treatment 

Supervisors: Dr Richard Stuetz, Stephen Moore, and Dr Robert 
McLaughlan (University of Technology, Sydney.  

Funding body: Thai Government PhD Scholarship (2003 – 07)  

Background: Nida graduated with BEng (Environmental) from the 
Khonkaen University (Thailand) in 1998 and MEng (Environmental) 
from Chulalongkorn University (Thailand) in 2002. Nida worked as a 
lecturer at Faculty of Engineering, Mahasarakham University, 
Thailand before commenced PhD studies at UNSW in July 2003.  

Project summary: Urban water run off with associated heavy metal 
contaminants can have adverse effects on receiving waters.  The treatment of stormwater containing 
low concentrations of heavy metals can be achieved using various conventional and emerging 
methods (e.g. ion-exchange, electrolyte or liquid extraction, electrodialysis, precipitation, reverse 
osmosis), however, most of these available physicochemical techniques are either economically 
unfavourable, technically too complicated or too selective. Prior research suggests that low-cost 
sorbents from waste processing could be an alternative method for low cost treatment of stormwater. 
The project aims to investigate the application of a range of compost, zeolite, ash, recyclable waste for 
heavy metal removal. The PhD thesis will combine two aspects; experimental techniques and 
management aspects to fulfil a holistic approach to environmental system management. Experiments 
include sorption, leaching and desorption test using different recycled sorbents to compare 
performance and to design the most appropriate mixing sorbent for heavy metal removal in urban 
runoff treatment. Material accounting tools such as Material Flow Analysis (MFA) and Substance Flow 
Analysis (SFA) will be performed in a selected system boundary to include catchment area and urban 
runoff treatment plant.  This will demonstrate how different sorbents, ranges of heavy metal 
concentration in runoff and flow of heavy metal in system affect each other. 

Work to date has focused on laboratory work to assess the efficiency of various recycled materials, 
such as compost, recycled glass and wood waste with sand (a traditional stormwater treatment 
medium). Additional sorption studies will compare different composting sources to evaluate the impact 
of source materials. Short-term research goals include finalising performance of different material 
mixtures for optimising metal removal and setting a system boundary to depict impact of source 
materials of treatment performance. Anticipated long-term outcomes are (i) the appropriate design of 
different recycled materials on heavy metal removal in urban runoff (ii) material assessment of 
different recycled material based on experimental data, and (iii) case studies showing the relationship 
of heavy metal, sorbent and urban runoff in a system boundary. 
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Ryan Signor 

 

Project: Quantitative microbial hazard and risk assessment for 
urban drinking water 

Student/supervision team: The PhD supervisor and co-supervisor 
are Prof. Nicholas Ashbolt and Dr Asish Sharma. Ryan will also be 
collaborating closely with Dr David Roser and Dr Susan Petterson from 
the CWWT. The PhD research is being undertaken in support of the 
current project ‘MICRORISK: Scientific basis for managing drinking 
water safety from source to tap’, a project that is co-financed by the 
Australian government’s Department of Education, Science and 
Training in collaboration with the European Commission, and for which 
the University of New South Wales, CWWT (and notably the thesis 
supervisor) is a team member. 

Student background: Ryan graduated with BE (Civil) from the University of Wollongong in 2002 and 
worked as an infrastructure consultant and designer with the engineering firm Ove Arup & Partners’ Civil & 
Environmental group before commencing post-graduate studies at UNSW in October 2003. 

 Project summary: The current practice of verifying treated microbial water quality by infrequent routine 
monitoring offers questionable protection against pathogens in drinking-water (Signor & Ashbolt, 2005). 
Quantitative Microbial Risk Assessment (QMRA) is an evolving tool to potentially proactively assess and 
quantify the performance of water systems. Currently QMRA applications and outcomes suffer from a poor 
understanding of the frequency, inter-dependency and effects of ‘hazardous events’ within the system that 
introduce or increase risks of pathogen exposure to consumers. Prior research suggests that estimating 
and controlling the effects of these hazardous event periods is central to the consistent provision of safe 
drinking water, and that failing to account for them results in misrepresentative risk estimates.  

The main research focus is to contribute to assessing the current applicability of QMRA methods to conduct 
a systems-based risk assessment, including developing an improved framework for interpreting 
microbiological risk analyses in risk management terms. The MICRORISK project scope is to consider 
systems from ‘catchment-to-tap’ and this is reflected in the PhD approach. In line with the main 
PhD/MICRORISK research needs, the key sub-areas of interest are summarised as: 

1) Quantifying the deterioration of microbial water quality in surface drinking-water sources due to 
rainfall-induced runoff events in four catchments of varied land-use, 

2) Development of a stochastic model for estimating the pathogen barrier effect of a reservoir, based 
on microbial count data, and incorporating the effects of hazardous ‘high inflow’ events that can 
reduce the reservoir’s removal capability, 

3) Review and case-study assessment of the pathogen removal efficiency of a full-scale dissolved air 
flotation plus rapid sand filtration water treatment plant, and discussion on the applicability of on-
line turbidity and other performance indicators for identifying microbial ‘high risk periods’, 

4) Investigating the potential to use routine water distribution system data to identify and quantify the 
frequency and consequences of ‘hazardous events’ in the system (such as ingress of 
contaminants, loss of chlorine residual, etc.), using data from 12 distribution systems in Europe and 
Australia. 

5) Conduct an overall ‘catchment-to-consumer’ risk assessment and discuss the management 
implications of the first 4 key areas. 

Completed work to date pertaining to the drinking-water sources has demonstrated dramatic increases in 
microbial concentrations in surface waters during periods of rainfall-induced runoff (Signor et al., 2005). The 
implications are that the achievement of de minimis microbial risks involves implementing catchment 
management and monitoring initiatives to reduce the increases during such events. Work pertaining to the 
other key areas is in progress.    
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Nyree Stenekes 

Project: Risk and public consultation in water recycling 

 

Supervisors: Prof. T. David Waite & Dr. Hal K. Colebatch 

Co-supervisor: Prof. Nick Ashbolt  

 

Nyree Stenekes graduated in 1999 with a Bachelor of Civil and 

Environmental Engineering (First Class Honors) and practised as 

an engineer for several years in Asia, developing and testing 

methodological approaches to the assessment of water supply 

risk. Nyree then returned to Australia where she is currently doing 

doctoral research on the challenges posed by sustainability to the 

way water is used, regulated and understood by professionals and communities, in the case of water 

recycling. 

 

 

The doctoral research critically examines the 

nature of problems surrounding the 

implementation of water recycling technology. 

The examination encompasses a consideration 

of technological, professional, institutional and 

conceptual dimensions of the problems including 

an analysis of decision-making, public 

involvement, planning and implementation 

strategies currently applied in water recycling. In 

particular, the focus is on stakeholder risk 

perspectives as these have considerable influence on the outcomes of projects. The examination of 

this field of engineering practice draws on analytical tools from the critical social sciences, which 

focuses on collective sense-making of key policy participants, including members of the community. 

The aim is to develop an understanding of the multidisciplinary nature of issues arising during the 

implementation of innovative water use practices and to recommend better approaches to planning, 

public involvement and water recycling. 
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Quan Sun 

Project: Application of nano-sized zero valent iron particles to agrochemicals degradation through 
Fenton's reagent oxidation 

 

Supervisors: Prof David Waite (CWWT, UNSW), Dr Andrew Feitz (CWWT, UNSW) 

 

Funding body: ARC Linkage and Waste Technologies Australia 

 

Duration: Mar 04 – Feb 07 

 

Project summary: The discovery of the oxidation pathway using zero valent iron offers opportunities 
to develop new water and wastewater treatment technologies. During 2004 Mr Quan Sun joined the 
Centre as a PhD student and investigated how complexants can enhance hydroxyl radical production 
during nZVI oxidation. It appears that addition of EDTA to nZVI can enhance the initial pulse of oxidant 
formation by some 50%, but there appears to be no ongoing benefit through preventation of oxide 
formation over a longer timeframe. Future studies will characterize the oxidation performance of the 
new ZVI particles and determine how different types of complexants with unique solution phase radical 
chemistry affect radical production and propagation. 
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Natthira Tangsubkul 

 
Project: Life Cycle Assessment (and other environmental 
tools) in water recycling 

Supervisors: Prof. David Waite (main supervisor), Stephen 
Moore (Co-supervisor), Sven Lundie (Co-supervisor) 

 
Personal background: Bachelor degree in Environmental 
Engineering (UNSW), Master degree in Engineering Science 
major in Water Engineering (UNSW) 
 

Research topic: Development of Environmental Decision 
Support Framework; with application of Material Flow 
Analysis and Life Cycle Assessment for sustainable water 
recycling planning.   

 

Project summary: Sustainable planning of water recycling is one that allows the water recycling 
practice to serve its purpose of water conservation and at the same time preventing the environmental 
problem shifting in time and space.  Water recycling practice planning is complex because it interacts 
with other sectors such as agriculture and household in the same environmental system.  It has been 
found that water recycling planning should be divided into two levels (policy and process planning 
levels) in order to plan a sustainable water recycling practice.  Two main environmental decision 
support tools are used in the thesis.  Material Flow Analysis (MFA) is used for the policy planning and 
Life Cycle Assessment (LCA) is used for the process planning of water recycling. 

 

The policy planning of water recycling considers water recycling practice as part of a larger urban 
system.  The practice of water recycling does not only affect the flows of water and wastewater, it also 
influences the flows of nutrients and heavy metals in the system.  Therefore, it is crucial at the policy 
planning level of water recycling to assess how the flows of water, nutrients, and heavy metals can be 
affected by the practice of water recycling.  MFA is used for such purpose and the results are used to 
support the policy planning of water recycling.   LCA is used to assess the environmental performance 
of different water recycling technologies.  The environmental performance improvement of the 
treatment process train can also be identified using LCA.   

 

Finally, it has been found that the information obtained from the two levels of the planning can be used 
to support one another in order to provide more complete information to support the decision making.  
As a result, an environmental tools integration framework has been developed as part of this research 
to be used to support environmental decision making involving planning of a complex system. 
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Susan Wadley  

Project: Modified photo-Fenton degradation of industrial and 
agricultural wastes 

 

Supervisor: Professor David Waite 

 

Background: Qualifications from University of Natal, South 
Africa: BSc (Chemistry and Applied Mathematics), BSc(Hons) 
(Chemistry), MScEng (Thesis: “Recovery of brine from sugar 
decolourising resin regeneration effluent by nanofiltration”)  

 

Employment at School of Chemical Engineering, University of 
Natal, South Africa:  
 
1990 to 1997 - Research Fellow (Pollution Research Group) 
 
1997 to 1999 - Senior Chemical Technician 

 

Project aims: To investigate conditions under which a modified photo-Fenton process may be used to 
degrade a model contaminant under close to neutral pH conditions in natural systems.  

To develop a model of the system that describes the experimental data, aids the determination of the 
mechanism operating and which could be used to find optimum process conditions.  
 

Project aummary: 

• Degradation of the contaminants 2,4-dichorophenol (10 µM) and atrazine (1 µM) has been 
investigated in the system Fe(II)/Fe(III)/citrate/O2/H2O2/light (~360 nm) in KNO3 (1 mM) or 
NaHCO3 (1 - 10 mM) solutions.  

• Use of citrate (100 µM) as ligand prevented precipitation of Fe(III) (< 10 µM) in the pH range 5 
to 8.3 during the duration of the experiments (< 3 h) and decreased the rate of Fe(II) oxidation 
in aerated solutions.  

• The rate of photodegradation of 2,4-dichlorophenol (12 µM) in the presence of 10 µM Fe(II) (in 
aerated solutions without added H2O2) decreased with increasing pH in the range 5 to 8.  
Since pH the rate of direct photolysis increased with increasing pH, it is concluded that the 
rate of (hydroxyl) radical mediated degradation decreased, becoming an insignificant 
contributor to degradation of the contaminant under alkaline conditions (pH > 7).  

• A kinetic model of the system is being developed and the thesis is being written.  
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6.3 Overseas Practicum Students 

During each year the Centre provides the opportunity for a number of overseas students to work under 
the supervision of research staff on projects that become part of each student’s practicum 
requirements in completing their degree at their respective universities. The following are two who 
have provided a short summary of the work they completed while enrolled at UNSW during their 
practicum in 2004:  

Iris Huelshoff: Growth of Legionella in distribution pipe biofilms 

Iris, from the University of Duisberg-Essen, spent 6 months with the CWWT under Professor Nicholas 
Ashbolt’s supervision. During this period she investigated the occurrence of Legionella spp. in biofilms 
grown within the dual-reticulation system in the Rouse Hill Development Area (RHDA), New South 
Wales. As a model for biofilm-associated opportunistic pathogens, the presence of Legionella was 
examined by standard methods and FISH analysis using the Legionella-specific probe LEG705. 
Whereas legionellae could neither be isolated by culture method nor enrichment by amoebae, FISH-
positive cells were detected in recycled and potable water biofilms. The latter finding was 
accomplished only after incubation of biofilm homogenates in nutrient broth and the gyrase inhibitor, 
pipemidic acid. Although disinfection was largely sufficient throughout the system, factors such as 
elevated temperatures may promote the occurrence of pathogens in biofilms of which clusters could 
become detached from pipe walls by the turbulent water conditions present in the system. This may 
constitute a problem particularly in months of increased water demand when water is used for spray 
irrigation purposes.  

Once the presence of Legionella spp. gets reconfirmed, the findings of this study emphasise the need 

to investigate the occurrence of other opportunistic pathogens for a full understanding of the health 

risk presented by biofilms in the investigated distribution system.  

 

Gregor Buening: Development of an LCA-based Waste Management Model and its 
Application to optimise Sydney’s domestic waste management 

Gregor, from Hoexter University in Germany contributed to the following study: The Australian city of 
Sydney intends to optimise their waste management activities under ecological and economic 
aspects. At present, two different waste disposal processes are running: landfilling as well as recycling 
of post consumer papers, plastics, glass and metals and windrow composting of garden waste. 

Within the thesis, already existing data concerning the life cycle assessment (LCA) of waste treatment 
processes were compiled and costing data added. The improved data was integrated into an LCA 
software programs called GaBi, to illustrate the ecological and economic impact of treatment 
processes for special waste streams. The aim was to develop an ecological bench-mark of Australian 
waste treatment processes. 
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7 Staff 
 

 

Staff in the Centre for Water and Waste Technology  

Staff member Position Phone Fax e-mail 

Professor David Waite** Director 9385 5066  9385 6139 D.Waite@unsw.edu.au 

A/Prof. Nicholas Ashbolt** Deputy Director and 
Discipline Lleader 9385 5946  9385 6139 N.Ashbolt@unsw.edu.au 

Lynette Menzies Business Manager 9385 4601  9313 8624 L.Menzies@unsw.edu.au 

Robyn Smith Administrative Assistant 93855017 93138624 Robby@unsw.edu.au 

Dr Richard Stuetz** Discipline Leader 9385 5944 9385 6139 R.Stuetz@unsw.edu.au 

Dr Andrew Feitz Discipline Leader 9385 5089  9313 8624 Andrew.feitz@unsw.edu.au 

Dr Sven Lundie Discipline Leader 9385 5097  9313 8624 S.Lundie@unsw.edu.au 

Lance Bowen Volunteer 9385 5017 9313 8624  

Dr Sheng Chang*** Research Fellow 9385 5227 93138624 s.chang@unsw.edu.au 

Dr Richard Collins Senior Research Fellow 938555045 93138624 r.collins@unsw.edu.au 

Dr Cheryl Davies Research Fellow 9385 5102 93138624 cheryld@civeng.unsw.edu.au 

Christobel Ferguson Adjunct Research 
Fellow 9385 5947 93138624 C.ferguson@unsw.edu.au 

Dr Jing Guan Research Associate 9385 5227 9313 8624 Gjing@civeng.unsw.edu.au 

Christine Kaucner Research Assistant 9385 4604 93138624 chrisk@civeng.unsw.edu.au 

Dr Tredwell Lukondeh Research Associate  9313 8624 t.lukondeh@unsw.edu.au 

Dr Greg Peters Senior Research Fellow 9385 5097 9313 8624 g.peters@unsw.edu.au 

Dr Andrew Rose Research Fellow 9384 5214 93138624 andrew.rose@unsw.edu.au 

Dr David Roser Senior Research Fellow 9385 5137 9313 8624 DJRoser@civeng.unsw.edu.au

Dr  Xinguang Wang Research Associate 9385 5452 9313 8624 Xinguang.wang@unsw.edu.au

** Academic staff of School of Civil & Environmental Engineering. 
***  UNESCO Centre for Membrane Science and Technology 
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8 Publications 
8.1 Books 
*Schaefer, A.I., Fane, A.G. and Waite, T.D. (2004). Nanofiltration: Principles and Applications. Elsevier 
Science Ltd, Oxford.  

8.2 Book Chapters 
*Cox, P., *P. Hawkins, *M. Warnecke, C. Ferguson, *D. A. Deere, *H. Bustamante, *P. Swanson, *M. 
Griffith, L. *Tamsitt, and *C. Nicholson. 2004. The risk of Cryptosporidium to Sydney's drinking water 
supply, p. 323-338. In A. Thompson (ed.), Cryptosporidium: from Molecules to Disease. Elsevier.  

Ferguson, C., *G. Medema, *P. Teunis, *A. Davison, and *D. A. Deere. 2004. Microbiological health 
criteria for Cryptosporidium, p. 293-299. In A. Thompson (ed.), Cryptosporidium: from molecules to 
disease. Elsevier.  
+Wadley, S. and Waite, T.D. (2004). Fenton processes in water and wastewater treatment. In 
“Advanced Oxidation Processes in Water and Wastewater Treatment”, S. Parsons (Eds), IWA Press.  

Waite, T.D. (2004). Effect of speciation on contaminant retention in nanofiltration. In Nanofiltration – 
Principles and Applications, A.I. Schaefer, A.G. Fane and T.D. Waite (Eds), Elsevier.  

Waite, T.D., +Joo, S.H., Feitz, A.J. and *Sedlak, D. (2004). Oxidative transformation of contaminants 
using nanoscale zero-valent iron. In Chemical Water and Wastewater Treatment VIII, H.H. Hahn, E. 
Hoffmann, H. Odegaard (Eds), IWA Press, London, pp. 309-318.  

8.3 Journal Articles 
Ashbolt, N. J. (2004). Microbial contamination of drinking water and disease outcomes in developing 
regions. Toxicology 198(1-3):229-238. ISSN: 0300-483X 

Ashbolt, N. J. (2004). Risk analysis of drinking water microbial contamination versus disinfection by-
products (DBPs). Toxicology 198(1-3):255-262. ISSN: 0300-483X 

*Bomo, A.-M., *Storey, M. V. and Ashbolt, N. J. (2004). Detection, integration and persistence of 
aeromonads in water distribution pipe biofilms. Journal of Water and Health 2(2):83-96. ISSN: 1477-
8920 

*Brookes, J. D., *Antenucci, J., *Hipsey, M., *Burch, M. D., Ashbolt, N. and +Ferguson, C. (2004). 
Pathogen transport, distribution and fate in lakes and reservoirs. Environment International 30:741-
759. ISSN: 0160-4120 

*Chalmers, R., +C. M. Ferguson, *S. Caccio, *R. Gasser, *Y. Abs EL-Osta, *L. Heijnen, *L. Xiao, *K. 
Elwin, *S. Hadfield, *M. Sinclair, and *M. Stevens. 2005. Direct comparison of selected methods for 
genetic categorisation of Cryptosporidium parvum and Cryptosporidium hominis species. International 
Journal for Parasitology 35:397-410.  

Chang, S., Waite, T.D., *Ong, P.E.A., *Schaefer, A.I. and Fane, A.G. (2004). Trace estrogenic 
compounds removal by hybrid membrane processes. ASCE Journal of Environmental Engineering 
130 (7), 736-742.  
+Chung J., *Vesey, G., *Gauci, M. and Ashbolt, N. J. (2004). Fluorescence resonance energy transfer 
(FRET)-Based specific labeling of Cryptosporidium oocysts for detection in environmental 
samples Cytometry Part A 60A (1): 97-106. ISSN: 0196-4763 

*Cinque, K., *Stevens, M. A., Roser, D. J., Ashbolt, N. J., *Leeming, R. (2004). Assessing the health 
implications of turbidity and suspended particles in protected catchments. Water Science and 
Technology 50 (1): 205-210. ISSN: 0273-1223 

*Cohen, D.R. and Waite, T.D. (2004). Interaction of Au(III)-chloride with goethite, smectite and 
kaolinite. Geochemistry: Exploration, Environment and Analysis 4, 279-287.  

Davies, C. M., +Ferguson, C. M., +Kaucner, C., *Krogh, M., +Altavilla, N., *Deere, D. A. and Ashbolt, N. 
J. (2004). Dispersion and transport of Cryptosporidium oocysts from fecal pats under simulated rainfall 
events. Applied and Environmental Microbiology 70(2):1151-1159. ISSN: 0099-2240 
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Davies, C. M., +Altavilla, N., *Krogh, M., +Ferguson, C. M., *Deere, D. A. and Ashbolt, N. J. (2004). 
Environmental inactivation of Cryptosporidium oocysts in catchment soils. Journal of Applied 
Microbiology Online publication date: 12-Nov-2004 doi: 10.1111/j.1365-2672.2004.02459.x ISSN: 
1364-5072 

Davies, C.M, +C. Kaucner, +N. Altavilla, N. Ashbolt, W. Hijnen, G. Medema, D. Deere, M. Krogh, and 
C. +Ferguson. 2004. Pathogen fate and transport in surface water flow. Water (Australia) 31:57-62.  
+Ferguson, C. M., Ashbolt, N. J. and *Deere, D. A. (2004). Prioritization of catchment management in 
the Sydney catchment - construction of a pathogen budget. Water Science and Technology Water 
Supply 4 (2):35-38. ISSN: 1606-9749 

+Ferguson, C. M., C. Kaucner, *M. Krogh, *D. Deere, and M. *Warnecke. 2004. Comparison of 
methods for the concentration of Cryptosporidium oocysts and Giardia cysts from raw waters. 
Canadian Journal of Microbiology 50:675-682.  

Ferguson, C. M., N. J. Ashbolt, and D. A. Deere. 2004. Prioritisation of catchment management in the 
Sydney catchment - construction of a pathogen budget. Water Science and Technology: Water Supply 
4:35-38.  

*Jacobs, P.H. and Waite, T.D. (2004). The role of aqueous iron(II) and manganese(II) in sub-aqueous 
active barrier systems containing natural clinoptilolite. Chemosphere 54(3), 313-324.  
+Joo, S-H., Feitz, A.J. and Waite, T.D. (2004). Oxidative degradation of the carbothioate herbicide, 
molinate, using nanoscale zero-valent iron. Environ. Sci. Technol. 38, 2242-2247.  

*Kay, D., *Bartram, J., *Prüss, A., Ashbolt, N., *Dufour, A., *Wyer, M., *Fleisher, J., *Fewtrell, L. and 
*Rogers, A. (2004). Derivation of numerical values for the World Health Organization guidelines for 
recreational waters. Water Research 38 (3):1296-1304.  

*Långmark, J., *Storey, M. V., Ashbolt, N. J. and *Stenström, T. A. (2004). Artificial groundwater 
treatment: biofilm activity and organic carbon removal performance. Water Research 38(4):740-748. 
ISSN: 0043-1354 

*Payne, T.E., Davis, J.A., *Lumpkin, G.R., *Chisari, R. and Waite, T.D. (2004). Surface complexation 
model of uranyl sorption on Georgia kaolinite. Applied Clay Science 26(1-4), 151-162.  
+Pham, A. N., Rose, A. L., Feitz, A. J. and Waite, T. D. (2004). The effect of dissolved natural organic 
matter on the rate of removal of ferrous iron in fresh waters. Water Science and Technology:Water 
Supply 4(4), 213-219.  

*Schäfer, A.I., *Philajamäki, A., Fane, A.G., Waite, T.D. and *Nyström, M.  (2004). Rejection in 
nanofiltration of solutions containing natural organic matter (NOM), Journal of Membrane Science  
242(1-2), 73-85.  

*Selomulya, C., *Bushell, G.C., Amal. R., Waite, T.D. (2004). Aggregate properties in relation to 
factors influencing aggregation under various applied shear environments, International Journal of 
Minerals Processing 73, 295– 307.  

*Storey, M. V., *Långmark, J., Ashbolt, N. J., and *Stenström, T. A. (2004). The fate of Legionellae 
within distribution pipe biofilms; Quantification of persistence and detachment phenomena. Water 
Science and Technology 49 (11-12):269-276. ISSN: 0273-1223 

*Storey, M. V., Ashbolt, N. J., and *Stenström, T. A. (2004). Biofilms, thermophilic amoebae and 
legionellae - A quantitative risk assessment for distributed water. Water Science and Technology 50 
(1):77-82. ISSN: 0273-1223 

*Storey M. V., *Winiecka-Krusnell J, Ashbolt, N. J., and *Stenström, T. A. (2004). The efficacy of heat 
and chlorine treatment against thermotolerant Acanthamoebae and Legionellae. Scandinavian Journal 
of Infectious Diseases 36 (9):656-662. ISSN: 0036-5548 

*Westrell, T., *Schönning, C., *Stenström, T. A. and Ashbolt, N. J. (2004). QMRA (quantitative 
microbial risk assessment) and HACCP (hazard analysis and critical control points) for management 
of pathogens in wastewater and sewage sludge treatment and reuse. Water Science and Technology 
50 (2):23-30. ISSN: 0273-1223 

Wang, X., (2004) Effect of back-pressure on absorption efficiency of impinges used for air sampling.  
Water Science and Technology, 50(4), 125-130 
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8.4 Conference papers 
Ashbolt, N. J. (2004). Attacking pathogens: risk-based assessment that accounts for treatment steps’ 
performance & reliability within a broader view of sustainability. In, Conference Proceedings, Sewage 
Management: Risk Assessment and Triple Bottom Line, April 4-6, Queensland EPA, Cairns.  

Chang, S., Waite, T.D. and Fane, A.G. (2004). Combination of submerged membrane filtration with 
powder activated carbon adsorption for trace organic removal. IWA Water Environment-Membrane 
Technology Conference, Seoul, South Korea, CD-ROM.  

Davies, C., +Kaucner, C., +Altavilla, N., Ashbolt, N., *Hijnen, W., *Medema, G., *Deere, D., *Krogh, M. 
and +Ferguson, C. (2004) Fate and transport of surface water pathogens in watersheds, Enviro 4, 
AWA Convention, Sydney 28 March - 1 April. Australian Water Association, Sydney: Australian Water 
Association.  

Davies, C., +Ferguson, C., +Kaucner, C., +Altavilla, N., Krogh, M., Deere, D. and Ashbolt, N. (2004) 
Fate and transport of Cryptosporidium oocysts in watersheds: a key component of AwwaRF Project 
2694, Water Quality Technology Conference, November 14-18, 2004, San Antonio Texas, Vol. CD-
ROM. Denver: American Water Works Association.  
+Ferguson, C. M., *Croke, B., Ashbolt, N. J. and D. A. *Deere. (2004). A deterministic model to 
quantify pathogen loads in drinking water catchments: Pathogen budget for the Wingecarribee, Proc. 
4th World Water Congress, 19-24 of September 2004, Marrakech. International Water Association, 
London.  
+Ferguson, C., Croke, B., Ashbolt, N.J., Davies, C.M., +Kaucner, C., Krogh, M. and Deere, D. (2004) 
Quantification of pathogen loads in the Wingecarribee watershed: A verification of pathogen transport 
rates at field-scale, Water Quality Technology Conference, November 14-18, 2004, San Antonio 
Texas. Denver: American Water Works Association.  

Ferguson, C. (2004) Presented at the CRC for Water Quality and Treatment:Fourth Post Graduate 
Student Conference, Noosa. 
+Kaucner, C., Davies, C.M., +Ferguson, C. M. and Ashbolt, N. J. (2004). Evidence for the existence of 
Cryptosporidium oocysts as single entities in surface runoff, Proc. 4th World Water Congress, 19-24 of 
September 2004, Marrakech. International Water Association, London.  

*Långmark, J., *Storey, M. V., Ashbolt, N. J. and *Stenström, T. A. (2004). Biofilms in an urban water 
distribution system: Measurement of biofilm biomass, pathogens and pathogen persistence within the 
Greater Stockholm Area, Sweden, Proc. 4th World Water Congress, 19-24 of September 2004, 
Marrakech. International Water Association, London.  
+Livingston, D. (2004), Decentralised urban water management for sustainability: frames and change 
pathways for a socio-technical problem, In, Proceedings, Fourth Postgraduate Student Conference, 
14-16 April, CRC for Water Quality and Treatment, Noosa, pp. 71-76. 
+Livingston, D.J., +Stenekes, N., Colebatch, H.K., Ashbolt, N.J. and Waite, T.D. (2004) Water recycling 
and decentralised management: The policy and organisational challenges for innovative approaches, 
International Conference on Water Sensitive Urban Design - Cities as Catchments, 22-25 November 
2004: CD-ROM. Adelaide: Australian Water Association.  
+Livingston, D.J., +Stenekes, N., Colebatch, H.K., Ashbolt, N.J. and Waite, D. (2004). Water 
management planning in local government: organisational factors impacting effective policy for 
sustainability, Sewage Management: Risk Assessment and Triple Bottom Line, April 5th - 7th, 2004, 
Cairns Convention Centre: CD-ROM. Cairns, Queensland, Australia: Cairns Conferences.  
+Livingston, D., Ashbolt, N. J. and Colebatch, H. K. (2004) Urban water management as a changing 
socio-technical system: participation, decentralisation and sustainability, In, Proceedings, 6th IWA 
Specialist Conference on Small Water & Wastewater Systems; and 1st International Conference on 
Onsite Wastewater Treatment & Recycling, February 11-13, Murdoch University, Fremantle.  
+Livingston, D., +Stenekes, N., Colebatch, H. K., Ashbolt, N. J. and Waite, T. D. (2004) Water 
management planning in local government: organisational factors impacting effective policy for 
sustainability, In, Conference Proceedings, Sewage Management: Risk Assessment and Triple 
Bottom Line, April 4-6, Queensland EPA, Cairns.  

Lundie, S., Peters, G., Beavis, P. (2004) Life Cycle Assessment for Sustainable Metropolitan Water 
Systems Planning. Journal of Environmental Science and Technology (published online).  
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Lundie, S., Peters, G. (2004) Sinks for Food Waste - Life Cycle Assessment of Food Waste 
Management Options, Journal of Cleaner Production (published online).  

Roser, D.J. and Ashbolt, N.J. (2004) Source water quality assessment and the management of 
pathogens in tributaries, Water Quality Technology Conference, November 14-18, 2004, San Antonio 
Texas, Vol. CD-ROM. Denver: American Water Works Association.  

Roser, D.J., Ashbolt, N.J., *Ho, G., *Mathew, K., *Nair, J., *Ryken-Rapp, D. and Toze, S. (2004) 
Validation of the hydrogen sulphide test: Detection of microbial pollution of groundwater from septic 
seepage, Proc. IWA 6th Specialist Conference on Small Water & Wastewater Systems & 1st 
International Conference on Onsite Wastewater Treatment & Recycling. 11-13 February 2004 at the 
Esplanade Hotel Fremantle. Murdoch: Murdoch University, Western Australia.  
+Santiwong, S.R., Chang, S., Fane, A.G. and Waite, T.D. (2004). Behaviour of gelling colloids in low 
pressure membrane ultrafiltration.  IWA Water Environment-Membrane Technology Conference, 
Seoul, South Korea, CD-ROM.  

Signor, R. S; Roser, D. J; Ashbolt, N. J; Ball, J. E; (2004), ‘Impact of runoff events in an urbanised 
catchment on Cryptosporidium entering drinking source waters’, Proceedings from The 4th 
International Giardia Conference and the first Combined Giardia and Cryptosporidium Meeting, 
Amsterdam, The Netherlands, 20-24 September 2004.  

Stenekes, N., Livingston, D., Colebatch, H. K., Waite, T. D. and Ashbolt, N. J. (2004), Sustainable 
water management in Australia: an institutional analysis, In, Proceedings, Good Water Governance for 
People and Nature: Water Roles for Law, Institutions & Finance August 29-September 2, 2004, 
Dundee, Scotland.  

Wang, X., and Feitz, A., Odour impact criteria for Australian diary farms.  In Enviro 04 Convention & 
Exhibition Proceedings, number e4195, pages 1-10, Sydney, Australia, Mar. 28-Apr. 1 2004.  
Australian Water Association .CD-ROM. 

8.5 Technical Research Reports 
*Chalmers, R., +C. M. Ferguson, K. *Elwin, *S. Hadfield, *L. Xiao, *S. Caccio, *L. Heijnen, *R. Gasser, 
*S. Blasdall, N. J. Ashbolt, *M. Sinclair, *D. A. Deere, and *M. Stevens. 2004. A comparative trial of 
Cryptosporidium genotyping methods. National Public Health Service, UK. Report to the CRC for 
Water Quality and Treatment.  

Davies, C., +Kaucner, C., +Altavilla, N., Ashbolt, N., *Hijnen, W., *Medema, G., *Deere, D., *Krogh, M. 
and +Ferguson, C. (2004) Fate and transport of surface water pathogens in watersheds. American 
Water Works Association Research Foundation, Denver.  

Roser, D. J. and N. J. Ashbolt (2004) Source Water Quality Assessment and the Management of 
Pathogens in Tributaries and Aquifers. Summary Report for CRC-WQT Project Stakeholders on 
Outcomes of Project 2.2.1 Monitoring & Management of Surface & Subsurface Source Waters, Centre 
for Water and Waste Technology, UNSW, Sydney.  

*Pollard, P., R. *Leeming and N. J. Ashbolt (2004) Wet Weather and Sewage Overflows into Lota 
Creek. Prepared for Brisbane City Council. CRC Coastal Systems, Griffith University, Brisbane.  

8.6 Patents 
Feitz, A.J., Guan, J. and Waite, T.D. (2004).  Process for producing a nanoscale zero-valent metal. 
PCT Int. Appl., 36 pp. WO2004105984.  

Feitz, A.J., +Joo, S.H. and Waite, T.D. (2004). Method for decontaminating surfaces. 
PCT/AU2004/001712.  

+ Student, * author external to UNSW 
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9 Financial statement 
9.1 Income and expenditure for 2004 
The following summary of income and expenditure for the activities of the Centre for Water and Waste 
Technology is based on actual and accrued figures: 

 

 2004 

$ 

2003 

$ 

Revenue generated by Centre activities, from 
invoicing and grant funding: 

1,298,209 1,708,153 

Income earned and accrued from the above:   

ARC/ SPIRT/ Research & Development Corporations 460,965 320,247 

Other Commonwealth funding 151,318 142,155 

Co-operative Research Centres 223,405 719,712 

Industry & Government corporations 409,534 108,489 

Overseas organisations 39,979 32,794 

Other non CWWT UNSW funds 61,603 27,417 

Consulting 37,954 207,264 

Total Income earned and accrued: 1,384,758 1,558,078 

             

Expenditure: 
Direct project expenses: 

Payroll 569,800 675,358 

Additional staff termination and leave preservation 11,401 16,391 

Scholarship payments 164,143 102,807 

Non-person expenditure 445,791 611,579 

Total project expenses 1,191,135 1,406,135 
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Administration and Overhead Expenses:          
  

Payroll Administration Staff less direct project input 104,990 103,441

Payroll Project Staff not covered by project income 76,819 19,344

Additional staff termination and leave preservation 3,185 3,603

Scholarship contribution 11,512 0

Equipment and equipment maintenance 14,753 5,389

Materials 37,512 39,764

Travel 5,640 166

Total Administration Expenses  254,411 171,707

Total Operating Expenses 1,445,546 1,577,842

Operating Result (60,788) ($19,764)

Operating Surplus (Deficit) bfwd from previous 
year 

(69,789) (50,025)

ACCUMULATED FUNDS SURPLUS (DEFICIT) (130,577) (69,789)

            

9.2 Comment on 2004 income and expenditure 
The CWWT receives project income from a wide variety of sources and depending on the granting 
body providing the research funds and as such the funds are granted in a number of ways or 
combinations of the following: as up front grants, quarterly payments on receipt of invoices, monthly 
payments from invoiced expenditure recovery, on milestone report acceptance or on project 
completion. A contribution from internal UNSW funds towards the collaborative bid organised by the 
CWWT for an ARC Centre of Excellence was agreed and the funds accrued. In addition, UNSW funds 
were contributed to aid the establishment of the Australia China Corporation for Water Research. 

While the central financial system of the University records all transactions made on CWWT projects, 
the figures are interpreted to provide a more accurate picture of CWWT activities. For example, where 
internal transfers are made between projects, expenditure recovery from projects outside CWWT are 
treated as income into the centre and transfers between CWWT projects are treated as expenditure 
recovery. There sometimes are variations with the central system depending on the manner of 
treatment of these transfers on the central system.  

Rather than stating cash received by the Centre as income, and in order to track the progressive 
financial performance of the Centre against budget and to provide a true sense of profit and loss, the 
income earned from projects is calculated progressively on a monthly basis throughout the year. Up 
front funds may have been received but until the research is completed these funds cannot be 
considered as earned and similarly, if funds are not to be received until the end of the project it is 
necessary to track the income earned within the project budget against expenditure incurred until the 
cash is received. For each project, a monthly track of income earned, from time spent and other 
budgeted items of direct expenditure, is maintained throughout each year. A proportion of projects, 
depending on their funding source allow for the direct charging of administration and other overhead 
costs and forms part of the income earned on projects. 
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Great success was achieved in the level of high calibre research projects underway and the 
successful completion of their studies of a number of centre funded post-graduate students. 
Environmental microbiology and risk assessment, Physical-chemical processes and Life Cycle 
Analysis performed very well with regard to research and financial performance.  

The Odour and atmospheric pollutant assessment and management area has continued its 
redevelopment which was begun in 2003 under the leadership of Dr Richard Stuetz.  During this 
period the main focus of the group was to focus on the development of its research aims, and to 
commence the renovation of the Odour Research Laboratory and the purchase of necessary 
equipment. The expenses of the odour area were largely charged to overhead expenditure during 
2004. The equipment purchased for the odour lab during 2004 was contributed to the School of Civil 
and Environmental Engineering from Faculty of Engineering Research Infrastructure grants. 

The income earned by research projects and other activities during 2004 amounted to $1,558,078. 
The accrued project income for 2004 was 20% lower than the income budgeted at the beginning of 
2004 of $1,739,340. The lower than expected result was due to later than expected commencement of 
a number of research projects. Project expenditure of $1,384,758 was also lower by 23% than the 
projected budget expenditure of $1,546,043. With Odour area expenditure largely covered by 
overheads, expenditure of $254,411 was 39% higher than the budgeted $182,740. The CWWT 
recorded an operating loss of $60,788 for 2004 from the earned income, with an accumulated deficit of 
$130,577 to be carried forward to 2005. For the past 3 years expenditure recorded has included an 
accrued amount for the termination allowance and preserved leave that may be payable at the end of 
salary contracts. The amount preserved for 2004 was $14,586 bringing the total expensed and 
preserved for termination at the end of 2004 to $84,586.  

The UNSW financial system recorded a remaining (not yet earned) budget balance of $175,521 from 
established projects for the CWWT at the end of 2004, and a cash balance of $153,782. Together with 
the new project approvals already in place for 2005 the continued earning capacity of the Centre is 
assured. 

In addition, the amount of research quantum provided by the Federal Government and received in the 
School of Civil and Environmental Engineering in 2004 from CWWT research project earnings in 
2001-02 amounted to $62,349. This amount is not included in the above figures, being considered at 
this stage a contribution to the School for the Centre’s use of laboratories and other services. 

During 2004, the CWWT employed 11 research staff, 2 part time administration staff and a number of 
short term casual staff. Through its projects the CWWT supported 19 post graduate research 
students. The CWWT works with 4 School of Civil and Environmental Engineering academic staff 
members. Support was also given to 2 visiting German and one French practicum students and 2 
adjunct academics. 

The overhead administration included the Business Manager and a Secretary/Administration 
assistant.  Lance Bowen, a former (now retired) consultant with the centre, continued to provide 
valuable assistance to the CWWT library on a voluntary basis, for which the staff of the Centre were 
most grateful. 
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10  Appendix A: Key staff interests 
 

Nicholas Ashbolt (BAgSc (Hons), PhD UTas, MASM) joined the Centre in April 1994 from AWT 
Science and Environment where he was Principal Scientist-Microbiology. His teaching and research 
interests lie in the field of environmental microbiology, particularly as it impacts on wastewater and 
solid waste treatment and on water quality. His time is divided between teaching and research 
programs of the School. He also plays an active role within the Centre as leader of the Environmental 
Microbiology Program. 

His areas of research interest include:- microbial community structure and activity within 
water/wastewater biofilms, pathogens in water and sediments and microbial risk assessment, 
wastewater treatment and compost microbiology.  

 

Lance Bowen (BSc, Grad. Dip Biochem Eng) graduated with B.Sc. from Sydney University in 1950 
and worked for the Department of Main Roads and the Water Board, Sydney. His experience includes 
materials testing and specification, chemical and microbiological testing of water and wastes, control 
of water treatment plants and laboratory management.  He completed a Postgraduate Diploma in 
Biochemical Engineering in 1963 at UNSW, and became Scientific Services Unit Manager in 1978 and 
opened the Water Board's new laboratories at West Ryde in 1984. Lance retired from the NSW Public 
Service in 1987, joined the Centre for Wastewater Treatment in 1988 and retired from CWWT in 2002, 
and now provides support as a vollunteer. 

He is active in the Australian Water Association (life member) and the International Water Association 
and is also member of the American Water Works Association and the Water Environment Federation. 

 

Sheng Chang was awarded his PhD in 2001 on the optimization for operation and design of 
submerged membrane module with the UNESCO Center for Membrane Science & Technology, 
UNSW. Sheng has a B.E. (Chemical Engineering Machinery and Equipment) from Chendu University 
of Science and Technology, P. R. of China.  

Sheng’s current research focuses on build-up of quantitative engineering concept for the design and 
operation of hybrid membrane processes for organic removal from water or wastewater. His PhD 
focused on optimization of the operation and design of submerged hollow fibre membrane modules 
encompassing many aspects of membrane separation science and technology, including separation 
characteristics of different membrane processes, applications of membranes to environmental 
management, membrane fouling and cleaning, cake formation and structure, mass transfer in single 
crossflow and two-phase flow, modeling, module design, system optimization and membrane system 
design and cost analysis. 

 

Cheryl Davies (BSc Hons, South Bank, London, UK), PhD (Newcastle upon Tyne, UK).  A 
microbiologist, Cheryl joined the Centre in Aug 2001 after 7 years in CSIRO Water Quality Group, 
Division of Energy Technology. Cheryl came to Australia in 1992 from the Water Research Centre, 
Medmenham, UK.  Her specific research interests include the survival of faecal microorganisms in 
aquatic and terrestrial ecosystems, and the rapid determination of faecal contamination of natural 
waters.  She is currently working as a Post-Doctoral Research Fellow on the AwwaRF project - The 
Fate and Transport of Surface Water Pathogens in Watersheds. 
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Olivier Devos has a master in Chemistry (France) and a PhD (France). His research interests include 
environmental chemistry, chemometric and sonochemistry. Olivier joined the CWWT in March 2003 as 
a post doctoral research fellow. His current research focused on the degradation of trace 
contaminants using sonochemistry coupled with advanced oxidation processes.  

 

Andrew Feitz (BE (Hons) UQ, PhD UNSW) joined the Centre in October 1998 after completing a PhD 
in solar photocatalysis and the treatment of blue-green algal toxins. His research areas include 
advanced oxidation processes, water/wastewater treatment, sustainable energy use, Life Cycle 
Assessment, natural toxins, surface complexation modelling and water chemistry. Andrew is a 
member of the Australian Water Association, International Water Association, American Chemical 
Society, and the International Society of Toxinocology. 

 

Christobel Ferguson (B.App.Sc., M.Sc. University of Technology, Sydney).  A microbiologist 
employed by the Sydney Catchment Authority since March 2001, Christobel is an adjunct Senior 
Research Fellow in the School of Civil and Environmental Engineering. She was appointed as project 
manager for the CRCWQT/AwwaRF project - The fate and transport of surface water pathogens in 
watersheds.  Her specific research interests include the fate and survival of pathogens in aquatic and 
terrestrial ecosystems and the use of HACCP and risk assessment to minimise health risks in drinking 
water catchments. 

 

Jing Guan (BE China, ME China, PhD UNSW) jointed the Centre in November 1999. She has 12 
years of experience in water and wastewater treatment processes and management, particularly in the 
field of liquid-solid separation and particle characterisation. She was involved as a key researcher in 
several CRCWMPC projects and is currently working on the project developing Nano-sized Zero-
Valent Iron particles for organic contaminant degradation. 

 

Christine Kaucner (BSc, Melbourne) joined the Centre in Aug 2001 after 11 years with the State 
Water Laboratory of Victoria and it’s successor Australian Water Technologies. A microbiologist with 
extensive experience in the detection and isolation of waterborne pathogens, she is currently 
employed as a research assistant on the AWWARF project - The Fate and Transport of Surface Water 
Pathogens in Watersheds and is enrolled in a Masters program through the School of Civil and 
Environmental Engineering.  Her project is: The influence of pathogen surface characteristics on their 
fate and transport in watersheds. 

 

Tredwell Lukondeh (BSc, MApp.Sc. PhD, UNSW) has more than 20 years experience mostly in the 
Diary industry working in Production, Quality Control and Management. He joined the Centre in 1999 
after completing a PhD in waste product utilization of cheese whey from the Dairy Industry. He is 
currently an ARC Post Doctorial Research Fellow studying the causes and management of out breaks 
of Lyngbya algal blooms in Australian coastal waters.  

Tredwell’s research interests include environmental biotechnology and aquatic bio-inorganic 
chemistry. 
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Sven Lundie (Dip Ind Eng, PhD) has over 8 years of experience in Life Cycle Assessment, 
particularly in the field of interpretation according to ISO 14042 and 43. Sven studied Industrial 
Engineering in Hamburg and Karlsruhe (Germany). He has worked as an environmental consultant in 
Hamburg (Germany), as a researcher at Center of Environmental Science in Leiden (The 
Netherlands) and at Institute for Futures Studies and Technology Assessment in Berlin (Germany). 

Sven has conducted a number of projects. They include: analysing the problems of evaluation and the 
derivation of practice-oriented evaluation criteria in LCA (Principal: European Union, The 
Netherlands), ecological evaluation of different Margarine oils (Principal: Unilever Inc., The 
Netherlands), LCA of television sets (Principal: Volkswagen Stiftung, Germany) and ecological 
evaluation of vacuum cleaners (Principal: AEG, Germany). Sven is currently a Senior Researcher at 
the Centre for Water and Waste Technology at the School of Civil and Environmental Engineering at 
the University of New South Wales.  

 

Lyn Menzies (BSc Syd) joined the Centre in December 1998 after 20 years of technical and 
management experience in the State Public Service. Lyn is a graduate in geology and has experience 
in the management of technical programs encompassing personnel and budget management. 

 

Andrew Rose (BE (Hons), BSc, PhD UNSW) joined the Centre in January 2005 after accepting a 
three-year postdoctoral fellowship at UNSW. Previously, Andrew was involved with the Centre through 
a PhD under the supervision of Prof. David Waite. Andrew’s major research interests are in marine 
biogeochemistry and include aspects of physical and chemical oceanography, environmental 
modelling and the impacts of human activities on natural systems. His current research activities 
involve investigations into the chemistry of iron redox cycling in natural systems, the biochemistry and 
molecular biology of iron acquisition by microalgae, and production of reactive oxygen species by 
biological and photochemical means in natural waters. 

 

David Roser, BSc (UNSW), PhD (La Trobe), M Env. (Plan Macquarie) Dr Roser has 20 years 
experience in environmental management and is an environmental microbiologist. His recent 
experience included development and coordination of water quality monitoring and management in the 
Hawkesbury Nepean River catchment while working for the Hawkesbury Nepean Catchment 
Management Trust and NSW Department of land and Water Conservation. He has also worked on 
Antarctic microbial ecology, water quality monitoring for the NSW Department of Health and the 
development of Constructed Wetlands technology with the CRCWMPC. As a result he has an 
extensive knowledge and experience of microbiology research and real world application and the 
current state of integration of microbiology into surface and groundwater management. 

 

Saniya Sharmeen, B.Sc. in Civil Eng (Bangladesh), PhD in Environmental Eng (The University of 
Newcastle). Saniya’s research interests include environmental modelling, hydrology, geomorphology, 
climate study and ecological study. Before joining the Centre in January 2004 as a postdoctoral 
research fellow, she worked at Australian Nuclear Science and Technology Organisations (ANSTO) 
for two years. Currently at the centre, she is working on the project Development of a novel Ecological 
Footprint (EF) for environmental reporting of companies. Her contribution to this project is to develop 
an EF method that incorporates the benefits and burdens arising especially from the disposal and/or 
utilisation of the treated and untreated wastewater to the environment.  
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Richard Stuetz (PhD, UNSW). Richard has over 12 years experience in water and wastewater 
treatment and environmental biotechnology. He leaves Cranfield University in the U.K. to join UNSW 
as a senior lecturer in the School of Civil and Environmental Engineering in the latter half of 2003. He 
has been a recent visiting associate professor with the University of Technology Malaysia. 

Richards research interests include: On-line instrumentation for monitoring water and wastewater 
quality, biological process monitoring, ·biotreatment of odours and volatile emissions (VOCs) and 
bioprocesses for wastewater and sludge treatment. 

 

David Waite (BSc UTas, MAppSci. Monash, PhD (Massachusetts IT), FRACI) has been involved in 
the Water Industry for about 25 years and joined the Water Department from ANSTO where he was a 
Principal Research Scientist. 

His research interests include chemical processes involving colloids and particles in aquatic systems; 
redox chemistry at the solid-solution interface; photochemistry in aquatic systems; water and 
wastewater treatment processes; hydrometallurgical techniques involving redox processes; 
hydrogeochemistry; theoretical and experimental studies on the fate and effects of chemical 
pollutants; interactions between trace elements and microbiota in aquatic systems. 

He has over 200 publications in the water and wastewater fields in refereed journals and conference 
proceedings and is a member of a number of professional societies and associations. 

 

Xingwang Wang (PhD Nanjing Uni, China) joined the CWWT in 1999, and has gained considerable 
experience in sampling and measurement of odorous gases and VOCs from different sources.  As one 
of the key participants, he participated in several research projects for Sydney Water, APL (formerly 
PRDC) and DRDC.  He also involved in the optimisation of the sampling equipment and a lot of 
consulting tasks related to odour issues. Before joining the CWWT, Xinguang had worked as a senior 
engineer for five years in waste management and disposal, environmental impact assessment (EIA) in 
Jiangsu province of China. 

 


