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1 Director’s report
The UNSW Centre for Water and Waste
Technology continued its program of
innovative yet applied research program
into environmental aspects of natural and
engineered systems through 2005 with the
year characterised by high productivity and
ongoing grant success. Of particular note
has been the consolidation of the Odours
and Atmospheric Emissions area within
the Centre under the able leadership of
Associate Professor Richard Stuetz and
the influx of very able younger research
scientists and engineers. In the latter
regard, Dr Greg Peters took leave from
Sydney Water to take over leadership of the Life Cycle Analysis area within the Centre during
Associate Professor Sven Lundie’s extended leave in Germany while Dr Andrew Rose, Dr Richard
Collins and Dr Stuart Khan took up research positions in the Centre with funding procured through the
Australian Research Council.
The attraction of support through the Australian Research Council is that it typically provides support
for three or more years and, as a result, the Centre is able to attract high calibre staff such as Andrew,
Richard and Stuart. The downside is that such granting schemes provide little overhead to cover the
day-to-day administrative costs of running a centre such as CWWT. We hope to address this issue in
the next year or two by seeking support for CWWT as a Centre of Excellence in areas relating to water
management and sustainability of natural systems. The challenge of course is to continue improving
the calibre of science that is undertaken by the Centre team such that CWWT is clearly recognised as
a focal point for such research in Australia.
There have been some changes in Centre staffing through 2005 with Professor Nick Ashbolt
accepting the role of Head, School of Civil and Environmental Engineering and, as a result stepping
aside as Deputy Director of the Centre. Associate Professor Richard Stuetz will take over the Deputy’s
role whilst continuing his leadership of the Odours and Atmospheric Emissions Programme. In
addition, Dr Andrew Feitz has departed CWWT to take up a Humbolt Fellowship at Karlesruhe
University in Germany after five years in the Centre. Professor Waite will take over Andrew’s role as
Leader of the Physical Chemical Processes Program.
The core of the Centre is the group of very able administrative and research staff along with the
research students supported through CWWT projects who undertake the bulk of the strategic and
applied research. I thank this group for their superb efforts through 2005 and look forward to an even
more productive 2006.

T.D. Waite
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2 Aims and function
The Centre for Water and Waste Technology at UNSW is an international leading University
Centre that provides multidisciplinary research in water and wastewater engineering and the
development of tools for environmental management and sustainability for improving the
aquatic and atmospheric environments.
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 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 enable them 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
Prof R I Gilbert
Assoc. Prof R J Cox
Prof N J Ashbolt
Assoc. Prof R Stuetz
Dr R I Acworth
Ms K Irvine
Mr B Miller
Mrs L Menzies

Director, CWWT (Chair)
Head, School of Civil & Environmental Engineering, until October
2005
Director, Water Research Laboratory
Deputy Director, CWWT until October 2005, and then Head, School of
Civil & Environmental Engineering
Deputy Director, CWWT from October 2005
Groundwater
School Senior Administrative Officer (by invitation)
Manager, WRL (by invitation)
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. During 2005 the
Management Committee for CWWT was made up of the following members:
Professor Brendon Parker
Professor Ian Gilbert
Professor Nicholas Ashbolt

Dean, Faculty of Engineering (Chair)
Head, School of Civil & Environmental Engineering, until
October 2005
Deputy Director, CWWT until October 2005, and then Head,
School of Civil & Environmental Engineering

Professor David Waite

Director, CWWT

Assoc. Professor Richard Stuetz

Deputy Director, CWWT from October 2005

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. Re-establishment of this Committee is currently being considered in light of developments
in the research direction of CWWT.
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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.
During 2005 the discipline areas and associated leaders were:

Environmental microbiology and pathogen risk assessment
Professor Nicholas Ashbolt
Physical-chemical processes
Dr Andrew Feitz
Life cycle assessment
Associate Professor Sven Lundie
Dr Gregory Peters (acting for the latter portion of 2005)
Odour and atmospheric pollutant assessment and management
Dr Richard Stuetz
At the end of 2005 a new discipline area on Trace organics was established. This will be led
by Dr Stuart Khan.

4.1 Environmental microbiology and pathogen risk assessment

Discipline Leader: Professor Nick Ashbolt

National and international risk management-based water guidelines
released by the World Health Organization and the National Health
and Medical Research Council are starting to impact on how we
manage water systems. CWWT researchers have played a
significant role in the development of these guidelines for
recreational waters, drinking water, and most recently 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 continues to
play a leading role in the development of methods for the latter.
As a consequence of the new guidelines, less emphasis is being placed on assessing end-oftreatment 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) has been 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.
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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) have provided and are continuing to provide 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 estimate on a systems level, pathogen risks and integrate that
information with economic, social, engineering and life cycle assessment tools, as promoted in the
Sustainability Framework: Methodology for Evaluating the Overall Sustainability of Urban Water
Systems (developed by the CWWT-lead team for the Water Services Association of Australia).
Highlights and important findings from recent projects include:
•
Publication of the Australian Sustainability Framework: Methodology for Evaluating the Overall
Sustainability of Urban Water Systems.
•
Completion of recreational water management plans for local councils that utilise the water
safety planning approach of the NHMRC (2005) guidelines, and hence use of microbial risk
assessment to aid sanitary survey interpretation and target setting for safe swimming periods.
•
Virus transport within un-saturated soils and groundwaters and the subsequent human health
risks are able to be modelled 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 led to several key findings, including the role of riparian vegetation in impeding Cryptosporidium
but its minor role for bacteria and its 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 has been 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.
•
Publication of the final report and book chapter on our collaboration with the Swedish group
(funded by the Swedish Urban Water MISTRA program) that led to system life-time models for
pathogen risks associated with a variety of urban water and wastewater alternatives. Examples
studies included urine-separation and its use in agriculture, domestic greywater reuse, and vacuum
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blackwater digestion and reuse for wastewater streams; and raw water supply to households with
point-of-use treatment for domestic use.
•
Completion and publication of the final EU report by researchers in CWWT to the MicroRisk
(European Union and DEST project), which will be released as a guidebook for catchment-tocustomer microbial risk assessment for drinking water systems by the World Health Organization and
the International Water Association.
For further information please contact Associate Professor Nicholas Ashbolt: N.Ashbolt@unsw.edu.au

4.2 Physical-chemical processes, contaminated sediments and
groundwaters
Discipline Leader: Professor David Waite

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 2005 included research into membrane fouling and advanced
oxidation and redox technologies, investigation of contaminant transport
from coastal regions underlain by acid sulfate soils, continuing investigation of factors influencing the
bioavailability of iron in marine systems and the role of iron in stimulating the growth of toxic
cyanobacteria in coastal waters.
Australian Research Council support has been particularly important in enabling appointment in 2005
of Dr Andrew Rose to a project focussed on investigation of the role of iron in influencing the growth of
the cyanobacterium Trichodesmium in waters of the Great Barrier Reef and Dr Richard Collins to
studies of contaminant transport to adjacent waterways from regions affected by acid sulfate soils.
ARC grants also support doctoral students Quan Sun who is refining our understanding of the
oxidative behaviour of nanosized zerovalent iron particles, Suvinai Santiwong and Peter Kovalsky who
are studying the fouling behaviour of compressible cakes formed during membrane filtration of waters
and wastewaters and Adele Jones who is working with Richard Collins, Associate Professor Mike
Melville and Professor Waite in studies of iron and aluminium in coastal acid sulfate soils affected
catchments. ARC support has also enabled the appointment of APAI student Mark Bligh to continue
our investigations into factors inducing growth of the toxic cyanobacterium Lyngbya majuscula in
coastal waters in collaboration with colleagues from the University of Queensland.
New ARC projects in the area of membrane filtration were awarded in late 2005. In particular, support
has been obtained for detailed studies of the behaviour of fouling layers on submerged membranes
used in membrane bioreactors. This project will be lead by Professor Waite and Dr Sheng Chang, a
previous Centre employee who is now working for Zenon Corporation in Canada. Funds are available
for appointment of a research fellow to this project in 2006. A second project in the area of membrane
fouling is focussed more on fouling prevention through vibration of submerged membrane systems
and builds on studies initiated by our Israeli colleague Dr Gregory Genkin. Funding enabling
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appointment of two doctoral students and a postdoctoral fellow has been provided by the Australian
Research Council.
As mentioned in my Director’s report, Dr Andrew Feitz, the previous leader of the Physico-Chemical
Processes Program has accepted a Humbolt fellowship and will be taking up this position at the
University of karlesruhe in the group led by Professor Fritz Frimmel. While Andrew will no longer be
based within CWWT, we expect there will be ongoing interaction with our “delegate to Europe”,
particularly in areas related to zero valent iron.
For further information please contact Professor David Waite: d.waite@unsw.edu.au

4.3 Life cycle assessment

Discipline Leader: Associate Professor Sven Lundie
Acting Discipline Leader: Dr Gregory Peters
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
organise 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'.

Research and Consulting Projects
Intensive research is undertaken in the areas of
•

Life Cycle Assessment

•

Life Cycle Costing

•

Sustainability assessment

•

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.

Research links with teaching
In 2005 Sven Lundie and Greg Peters ran a final year elective for students of environmental
engineering which was designed to improve their “soft skills” (project management, communication,
teamwork) as future engineering professionals. Students in Environmental Engineering Practice 4a
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(CVEN4727) compiled a 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. Based
on pathfinding work by students in this class in 2004, and collaboration with UNSW managerial staff,
the students were able to put together a “Pilot Sustainability Report on UNSW” which would rival
anything produced by commercial sustainability consultancies. Sven Lundie gave lectures on waste
management technologies, ecological footprint and 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).
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
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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, agricultural practices and
transport infrastructure) are areas of increasing public complaints.
Indoor air quality (IAQ) is also an area of increasing public awareness due to higher standards of living
and concerns regarding the impact of air quality on public health (for example, road tunnel emissions).
To improve the management of these emissions, new knowledge on the identification and generation
of environmental emissions is required. The mission of the research group is to provide international
leading research and training through the application of different analytical techniques for the
measurement of environmental emissions and the development of novel treatment systems for the
abatement of odours and odorants.
In June 2005, the group installed a new gas chromatograph - mass spectroscopy system with an
olfactory port (GC-MS-O) and upgraded its chromatograph mass - spectroscopy laboratory with a
UNSW Research Infrastructure Grant. The GC-MS-O allows for the integration of olfactory analysis
with GC-MS for solving complex odorants (Figure 1), achieved through the separation of annoyance
odorants and their identification individually as compounds via mass spectroscopy analysis. In
September, a Markes Unity thermal desorption system was also integrated with the GC-MS-O.

Figure 1: GC-MS-O system
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The new analytical systems will compliment existing technical expertise with regard to sampling
and measurement of odours from different field sources;


Sampling and measurement of the odorants compounds such as VOCs, PAHs, ammonia and
hydrogen sulphide;



Improvement and optimisation of the equipments for determining emissions from specific
industrial, agricultural sources and indoor environments;



Odour dispersion modelling and environmental impact assessment and



Odour treatment and abatement.

Current research areas / projects include:


Chemical analysis of odorants from Poultry facilities (Dr Richard Stuetz)



Chemical treatment of liquid stream using ozone to reduce odour emissions (Dr Andrew Feitz)



Biofiltration of methane emissions from landfill waste disposal sites using recycled waste
products (Dr Gareth Swarbrick)



Development of indoor air quality (IAQ) indicators and methodology (Dr Guatam
Chattopadhyay)



Corrosion and odours in wastewater collection systems (Dr Richard Stuetz)

The group undertook a number of technical reviews for industry on the chemical treatment of odours
using advanced oxidation processes and the odours formation and corrosion in sewer systems as well
as submitting several research proposals to the Australian Research Council, Clean Air Research
Programme and the Tourism CRC. Dr Stuetz also organised a 2 day workshop with the International
Water Associations (IWA) on Odour Assessment and Control at UNSW in September, which is being
further developed for June 2006. The workshop aims to promote a wider understanding of the current
issues in the assessment and management of environmental emissions and odours and consist of
lectures and practical demonstration of odour sampling and measurement including dilution
olfactometry testing.
The olfactory service continued to expand its contract based research activities following the purchase
of the new olfactometer in 2004. The group undertook a number of odour measurement surveys,
impact assessments and odour control product evaluations for clients through UNSW Unisearch.
For more information, please contact Dr Richard Stuetz at r.stuetz@unsw.edu.au or visit our 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

2005
Research
Funds

Total
Project
Allocation
(ex GST)

2005/1

N.J. Ashbolt
K. Charles

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

Sydney Catchment
Authority

$16,758

$317,786

2005/2

N.J. Ashbolt
D. J. Roser

Development and Application of a HACCPBased 'catchment to bather' approach for
Lake Parramatta

Upper Parramatta
River Catchment
Trust

$77,550

$75,500

2005/3

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

$13,262

625,000
SEK

2005/4

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

$100,000

$377,603

2005/5

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

$49,401

$161,913

2005/6

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

$5,167

$123,000

$15,000

Melbourne Water

2005/7

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

$115,354

$203,838

2005/8

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

$7,289

$20,000
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Project
No.

Key Project
Proponents

Granting
Organisation

2005
Research
Funds
(ex GST)

Total
Project
Allocation
(ex GST)

2005/9

D.J. Roser
N.J. Ashbolt
A.J. Feitz
C. Davies

Disinfection of Drinking Water
Advanced Oxidation Technology

UNSW Foundation
(private donation)

$16,873

$25,000

2005/10

N. J. Ashbolt
M.J. Storey
(CSIRO)

Understanding the growth of opportunistic
pathogens
within
distribution
mains
(2.0.2.5.0.7)

CRCWQ&T

$52,542

$155,101

2005/11

N.J. Ashbolt

Pathogen risk indicators for wastewaters and
biosolids

WERF through
CRCWQT

$1,800

$31,900

2005/12

N.J. Ashbolt
C. Davies

Class A recycled Water treatment option
Eynesbury Development

Coombes
Consulting

$21,928

$21,928

2005/13

N.J. Ashbolt
C. Davies

Challenge testing of UV treatment at Rouse
Hill Recycled water plant

Sydney Water

$9,264

$35,476

2005/14

T.D. Waite

Floc characteristics in sheared systems

ARC Linkage,
APAI, Vivendi
Australia, Vivendi
Water

$65,355

$177,405

2005/15

T.D. Waite
A.N. Pham

Generation and transformations of iron and
manganese in Lake Burragorang

CRCWQT
scholarship support
SCA

$37,933

$93,000

2005/16

T.D. Waite
A.J. Feitz

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

2005/17

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)

2005/18

T.D.
Waite
T.
Howes,
L. Li, (UQ)

2005/19

2005/20

Page 14

Research Topic & Collaborating
Organisations

Using

$12,727

$77,450

$170,055

ARC with Tweed
Shire Council and
Sugarcane
Growers of
Queensland

$131,774

$406,500

Predicting Lyngbya blooms: impact of iron
transformation kinetics on flux, distribution and
rate of uptake of bioavailable iron and
phosphorus

ARC Linkage with
Moreton Bay
Waterways and
Catchments
Partnerships

$11,354

$342,444

T.D.
Waite
B.
Neilan
M.
Furnas
(AIMS)
M.
Burford
(GU)
A. Rose

Mechanism of Iron Acquisition by the
Cyanobacterium Trichodesmium in Coastal
Waters

ARC Discovery

$122,977

$402,000

T.D.
Waite
T. Lukondeh
K. Murphy

Stability of CDOM fluorescence

Smithsonian
Institute

$16,619

$16,619
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Project
No.

Key Project
Proponents

Granting
Organisation

2005
Research
Funds
(ex GST)

Total
Project
Allocation
(ex GST)

2005/21

R.Stuetz,
A.J. Feitz
J. Guan
X. Wang

Assessment of advanced oxidation
technologies for odour control

TEMCO

$48,441

$58,000

2005/22

R.Stuetz,
A.J. Feitz
J. Guan
X. Wang

Greensand ozonation for odour removal from
Wagerup digestion condensate

Alcoa World
Alumina

$39,735

$39,735

2005/23

R.Stuetz,
A.J. Feitz
J. Guan
X. Wang

Condensate Odour removal - Review of
oxidation chemistry and assessment of
ozonation for the destruction of odour from
alumina refinery digestion condensate

Australian
Aluminium Council

$16,600

$40,340

2005/24

S. Lundie
A.J. Feitz

Life Cycle Assessment of the Australian Dairy
Industry communications document

Dairy Australia

$16,000

$16,000

2005/25

S. Lundie
A.J. Feitz

Life cycle analysis of a 1kg block of Bega
Tasty Cheddar Cheese

Bega Cheese

$3,249

$34,120

2005/26

S. Lundie

Environmental and economic rating scheme
for air conditioning systems

Environment
Australia

$14,983

$160,313

2005/27

S. Lundie
G. Peters

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

$70,633

$141,422

2005/28

S. Lundie
G. Peters
A. Feitz

Life Cycle Analysis of the grass fed red meat
industry

Meat and Livestock
Australia Ltd

$78,192

$269,310

2005/29

R. Stuetz

Quantification and evaluation of odorants from
poultry sheds

Australian Poultry
CRC

$123,270

$322,439

2005/30

R. Stuetz
N. Ashbolt
S. Khan

Removal of potential impact of pharmaceutical
active
compounds
during
wastewater
treatment

ARC discovery

$70,730

$495,000
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5.2 Project summaries
Summaries of selected projects that were either completed or were active during 2005 are provided
below.

Project 2005/2: 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
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 and the new NHMRC guideline development. As a result of this the CWWT proposed a three
stage project based application of the new WHO(2003) guidelines to provide a framework for
minimising risk to bathers, and identifying and remediation pathogen sources. The proposal was
accepted in principle and work initiated in mid 2003. 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 suggested that contrary to
Stage 1 assessments, Lake Parramatta may now be on the verge of being suitable for primary
recreation during dry weather (95% of swimming season). The likely reason is better management of
wildfowl and toilet block facilities, and possibly upstream sewage inputs. The main remaining
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uncertainty regarding risk to prospective users is the fate and transport of contamination from
stormwater and sewage during and immediately after high run-off periods. This is being addressed
during the conduct of Stage 3. A risk minimisation strategy based on restricting access in response to
events using real time hydrological monitoring is being developed (Figure 9). Delays have been
caused throughout this stage of the project by Sydney’s recent extremely dry weather conditions and
hence a lower than normal level of rainfall events to monitor.

Figure 2: Aerial photograph of Lake Parramatta and proposed zoning to minimise risk to bathers if re-opened.

Project 2005/3: 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 – November 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
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operation 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 3).

System Zone

Source water

Primary Inputs Secondary Inputs Hygiene Modifying
Unit (HMU)
Human/animal faeces
(Epi data/dilution/ratios)

Recycle

Water treatment
Blackwater
Yellowwater
Greywater
Stormwater

Water use
Wastewater

Human/an faeces
(Epi data/assay)

Wastewater treatment
Flows based on Nos. people
& separation of streams

Biosolids to land

River/lake water
Groundwater
Rainwater
Recycled
Coagulation/floc
Sedimentation
Filtration
Disinfection/Dist’n
AS/trickling filter
Clarifier/sand filter
MF/UF/RO
Disinfection
Dilution

Figure 3: 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).

Project 2005/4: 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 (led by Dr Gertjan Medema through the European Union MicroRisk
project [www.microrisk.com] involving UNSW with the 10 European partners)
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 March 2006
The rationale for the MicrorRisk project was to provide the required guidance so that the intent of the
new management-based World Health Organization (WHO) and Australian Drinking Water guidelines
could be met, with respect to pathogens. The primary objective for CWWT researchers in the
MicroRisk project was to undertake a study of pathogen variability and uncertainty assessment in a
dozen catchment-to-customer (CTC) case systems. One of the systems was Australian, whereas the
remainder represented major types of systems across Europe at leading water companies.
Initial work focused on selecting the most appropriate mathematical techniques to handle the data
from source waters and to identify the range of hazardous events that may increase pathogen risks.
Subsequent work included assessments of treatment performance, distribution system hygiene,
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consumption volumes and dose-response models. The selection of appropriate stochastic model
parameters included maximum likelihood estimations using Bayesian methods involving Markov Chain
Monte Carlo simulations and various bootstrapping options. The importance of individual parameter
estimates was assessed by various sensitivity measures, with particular emphasis placed on possible
effects of pathogen clumping at source, following treatment and within distribution biofilms.

During 2005, the project went through its
most active research stage for the CWWT
team. UNSW was acting as the clearing
house of all quantitative risk data and
undertaking risk analysis at three levels of
sophistication or “tiers” in line with its
responsibility for one of the major themes
of the project. The lowest applied to all 12
CTCs was Tier 1. A Tier 2 approach was
applied to the four best described
systems. The highest Tier 3 analysis was
used on the Australian system in
association with the lead Australian Ph.D.
student.
A major secondary outcome was the
acquisition of data on ‘Hazardous Events’,
which are central to the new Australian
risk-based approach where most emphasis is placed on upstream management of such events. The
analysis undertaken in MicroRisk provided extensive statistics on the frequency, duration and scale of
these events in source waters, water treatment plants and distribution systems.
Figure 4: One of the hazardous events in a system: drinking
water mains break and repair.

Enormous leverage was gained by our DEST-supported activities in this leading EU initiative. Results
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. Following
submission to the EU of the final report of the 11 partner project activities, a guidebook is being
prepared and expected to be jointly published by IWA Publishing and the WHO by early 2007. The
book will become part of the background documents for new Drinking Water Guidelines.
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Project 2004/5: Pathogen Budget for the Prioritisation of Land Uses and Rectification
Actions to Reduce Public Health Risks from Pathogens
Project Leader: Prof Nicholas Ashbolt
Project Participants: Christine Kaucner (CWWT) Christobel Ferguson (CWWT/SCA)
Funding Bodies: Sydney Catchment Authority (SCA)
Duration: Jan 2004 – Dec 2005
Pathogen budgets describe the
generation, attenuation, fate and
transport of pathogens through a
defined catchment area in a given
period of time, and have been
developed as a means to better
manage pathogens when sampling
alone is not practical. It identifies and
prioritises point sources, quantifies
the mechanisms responsible for
pathogen
fate
and
transport,
estimates
catchment
pathogen
loadings through time and space, can
be used to perform quantitative
microbial risk assessment, and can
be used to target control measures to
Figure 5: Sampling site Wingecarribee subcatchment.
high risk areas and/or times.
It
requires detailed knowledge and understanding of the sources of pathogens, the processes that
influence their mobilisation and transport, and the factors that cause their inactivation/loss.
The aim of this project was to apply a pathogen budget model to the Wingecarribee sub-catchment of
the Sydney Catchment area, and to validate this model by collecting water quality data during dry and
wet periods and comparing the results to those predicted by the model. Water quality data for
Cryptosporidium, Giardia and Escherichia coli was obtained for the validation.
Six sites in the Wingecarribee sub-catchment were monitored on a fortnightly basis, with a randomised
day of sample collection. Samples from three additional sites were chosen from a total of 26 sites on
each sampling occasion.
With some exceptions, the observed dry weather export loads of all microorganisms tested were
generally within 1-2 log10 of the predicted load. However, wet weather results were more variable.
One of the difficulties encountered in validating the model for wet weather events was that the
measured rainfall events were smaller than the size of the events simulated in the model.
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Project 2005/6: 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
This project compared a range of currently available methods for the genotyping and sub-genotyping
of Cryptosporidium parvum and C. hominis oocyst isolates from environmental samples. The first
activity was an inter-laboratory trial involving UNSW, Melbourne University, Kiwa Water Research
(The Netherlands), Centre for Diseases Control and Prevention (USA), Istituto Superiore di Sanita
(Italy) and the National Public Health Service (UK). The outcomes of the trial were published in the
International Journal for Parasitology [Chalmers et al., 2005]. An international workshop titled
“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 workshop presented and discussed the findings of the inter-laboratory trial
with the primary goal being to assess the utility of current Cryptosporidium genotyping methods for
determining the public health significance of oocysts isolated from faeces in potable water supply
watersheds. The outcomes of the workshop are available on line in Environmental Health
Perspectives [Ferguson et al., 2005].
An Australian technology transfer workshop titled “Cryptosporidium – the next steps to achieve safe
drinking water” was held in Melbourne on June 24, 2005 [Ferguson et al., 2005]. The purpose of the
workshop was to facilitate discussion of the outcomes of the project with the CRCWQT participants.
Recommendations on the use of current methods by watershed managers and public health
practitioners were proposed. Importantly, all the methods 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 optimum
genetic locus to target. The single strand conformational polymorphism method was considered
potentially the most valuable for discriminating to the subtype level and where a large number of
samples were to be analysed.
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Project 2005/7: Development of an integrated sustainability framework for best
management practice 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, Total Environment Centre industry contributions
to ARC Linkage project
Duration: October 2004 – 2006
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 largescale 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.

Project 2005/9: 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: 2004-2006
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.
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Project 2005/13: Challenge testing of UV treatment at Rouse Hill Recycled water plant
Principal Investigators: Professor Nicholas Ashbolt, Dr Cheryl Davies
Funding Bodies: Sydney Water
Duration: 2005-2006
In October 2005, a medium-pressure UV
disinfection system was installed at a Sydney
Recycled Water Treatment Plant. In order to
confidently provide the level of UV disinfection
that is required for a given application, in this
case treatment of wastewater for non-potable
reuse, it is necessary to carry out the validation
of the UV system as installed.

Figure 6: Medium pressure UV reactor installed at the
recycled water treatment plant

In addition to employing relevant aspects of the
approach suggested in the USEPA and
AwwaRF/NWRI Guidance Manuals to assess
performance by challenging the system with
human enteric virus models (bacteriophages

MS2 & PRD1), the UV system was also
challenged with Cryptosporidium oocysts,
Clostridium perfringens spores, and Escherichia
coli. Laboratory experiments using a collimated
beam of UV light were carried out concurrently to
generate a UV dose-response relationship for
MS2 that can be used to relate the data from the
challenge tests to the reduction equivalent dose
(RED) for the disinfection system.

Figure 7: Collecting influent samples during the
challenge tests.
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Project 2005/14: 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 8)
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.
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 8. Photo of typical submerged membrane
filtration system where permeate is drawn through
membranes by vacuum.

A variety of standard and developing methods of analysing cake transport and compressibility
characteristics have been used to delineate these effects. Similar approaches are now being 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.
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 welldefined hydrodynamic conditions and the impact of these conditions on size and structure of flocs
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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.

Project 2005/16: 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 9). Initial
studies on both molinate and benzoic acid degradation are being extended by doctoral student (Mr
Quan Sun) who is conducting 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 9. Schematic showing the nZVI-mediated oxidative degradation of the herbicide molinate.
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Project 2005/17: 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
Research Personnel: Dr Richard Collins, Senior Research Associate; Ms Adele Jones, PhD
Scholar, Dr Marty Hancock, TSC Floodplain Officer, Ms Francisca Alvarez, Honours Scholar, Ms Le
Thi Minh Hue, Honours Scholar
Funding Body: Australian Research Council, Tweed Shire Council and the NSW Canegrowers
Association (Linkage Project LP0455697)
Duration: April 2005 – June 2008
Objectives
The overall objective of this project is the development of innovative, yet practicable floodplain
management techniques designed to reduce the impacts of acid sulfate soil (ASS) drainage products
on estuarine and coastal waters quality. These ASS drainage products include metals such as iron,
aluminium and manganese as well as phosphorus and natural organic matter. These products are
important drivers of emerging coastal water quality problems including metal toxicity and oxygen
depletion to aquatic organisms as well as stimulating the growth of harmful algal blooms.
A field site on the Tweed floodplain (Black’s Drain) has been selected for intensive study with the
following activities currently underway:
(1) water quality and weather monitoring to determine the temporal and spatial changes of water flow
as well as assist in determining the soluble chemical forms of iron and aluminium as they are
transported from the soil to the surrounding aquatic systems (e.g. drainage, estuary and coastal
systems).
(2) determining in the field and laboratory, the hydraulic characteristics of the various ASS materials
and profiles, and how they change; and
(3) determining the physico-chemical parameters controlling solute (and contaminant) transport in
ASS soil profiles.
To date, field and laboratory physical studies have focused the hydraulic and hydrologic properties of
various ASS soil profiles. For example, results of laboratory experiments have shown that
consolidation of the oxidised acidic zone of these soils can reduce the intrinsic hydraulic conductivity
values by four orders of magnitude. As such, it is anticipated that localised engineering controls (e.g.
along drainage lines to prevent salt intrusion into adjacent sugar cane fields during tidal flushing) may
contribute to improved control of sub-surface solute movement at the field and, ultimately, catchment
scale.
Complementary experiments are also on-going to examine the chemical reactions, and their kinetics,
occurring throughout the soil profile of ASS as well as in neighbouring drainage and estuary waters.
Isotope exchange methodology has indicated that exchangeable Fe(III) associated with the soil solid
phase cannot be the predominant source of Fe transported from these soils. Future experiments are,
therefore, anticipated to examine the concentration of exchangeable Fe(II) and/or the dominant
precipitated chemical forms of Fe (e.g. XRD, SEM and EXAFS analyses). In addition, other laboratory
experiments have shown that the presence of sulfate (at concentrations observed in the field) inhibits
the formation of the highly toxic polymeric Al (Al13). It is envisaged that the combination of these types
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of laboratory and field studies (Figure 10) will also ultimately lead to the development of a predictive
hydrogeochemical model that can be used to ascertain the success of innovative floodplain
management techniques before they are implemented.

Figure
10:
UNSW
researchers
investigating soil hydraulic characteristics
in canefields of the Tweed River
floodplain.

Project 2005/19: Mechanisms of
Trichodesmium in Coastal Waters

Iron

Acquisition

by

the

Cyanobacterium

Principal Investigators: Professors David Waite and Brett Neilan, Dr Miles Furnas (Australian
Institute of Marine Science), Dr Michelle Burford (Griffith University), Dr Andrew Rose (ARC post
doctoral fellow)
Funding body: Australian Research Council (Discovery Project DP0558710)
The aim of this project is to elucidate the mechanism of iron uptake by the toxic cyanobacterium
Trichodesmium in coastal waters and, by implication, to assess the likely impact of terrestrial runoff on
growth of this organism. The information so obtained is expected to be critical to modelling the growth
and distribution of this toxic, nitrogen fixing organism in coastal waters such as those of the Great
Barrier Reef and the Gulf of Carpentaria.
Dr Andrew Rose was appointed to the project in January 2005 and commenced activities by
examining the iron acquisition strategy of Lyngbya majuscula, an organism similar genetically to
Trichodesmium, with the support of doctoral student Timothy Salmon. With the assistance of IPRS
doctoral scholar Shikha Garg, similar techniques were also applied to examination of the iron uptake
strategy of the raphidophyte Chattonella marina, an organism known to be an active superoxide
producer (the agent considered to be potentially important to iron uptake by Trichodesmium). Cultures
of Trichodesmium (the IMS101 strain from the Woods Hole Oceanographic Institution (WHOI) were
also obtained and established in our laboratory at UNSW (with some difficulty given the slow rate of
growth of this organism). Iron uptake studies on Trichodesmium were then initiated mid-year by Ms
Aurelie Godrant, a French co-tutelle doctoral student.
Dr Rose departed for the US mid-year to spend some time in the laboratories of our WHOI
collaborators Dr James Moffett and Dr Eric Webb. In addition to setting up techniques for low level
Fe(II), superoxide and hydrogen peroxide analysis in the WHOI labs, Andrew participated in two
cruises to the Eastern Pacific where he undertook extensive studies of the concentration of superoxide
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through the water column (and examined the correlation of superoxide concentrations to biological
activity). Dr Rose returned to the UNSW laboratories in December 2005 and continued activities with
Ms Garg and Ms Godrant whilst also making arrangements for a Great Barrier Reef cruise in two legs
to investigate iron dynamics in coastal waters through January 2006.

Figure 11: Bloom of Trychodesmium in surface coastal
water, Great Barrier Reef, Port Douglas.

Figure 12: CWWT researchers Andrew Rose, David
Waite and Aurelie Godrant aboard the AIMS vessel the
Lady Basten.

Project 2005/21: 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 quantified the reduction in odour following ozonation and
measure the concentration of odorants in air.

Project 2005/25: 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

Page 28

Annual Report 2005

Centre for Water and Waste Technology
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 was
completed in 2005.

Project 2005/26: 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
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’.
The project has examined both commercial and domestic (residential) air conditioning systems using
detailed performance data on real 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 2005 the focus was been on the development of an Excel-based rating tool that allows both
environmental assessment of various air-conditioning configurations. The tool will support decision
makers in air-conditioning industry, government and non-governmental organisations. The software
tool has been placed on the CWWT website.
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Project 2005/28: Life cycle analysis of the red meat industry
Project Leader: Senior Research Fellow Gregory Peters (CWWT)
Project Participants: Research Associate Hazel Rowley (CWWT), FSA Consulting (Toowoomba,
QLD)
Funding Body: Meat and Livestock Australia
Duration: July 2005 – February 2007
The Australian red meat industry is keen to manage its operations in a sustainable manner and
maintain its reputation for being “clean and green” among its Australian and international clientele.
Claims about the environmental performance of the Australian red meat industry are sometimes made
based on overseas examples where production systems are very different. The industry is therefore
supporting this research project to properly characterise the potential impacts and the natural resource
management aspects of local red meat production. CWWT leads this project which involves extensive
dialogue with producers in the Australian beef and sheep meat industries, and collaboration with FSA
Consulting, a Toowoomba-based international consultancy with significant expertise in the feedlot
industry. FSA Consulting is the lead contractor in a parallel contract for an environmental examination
of the feedlot industry. The data from the feedlot project which will be combined with CWWT data to
produce an overall picture of the environmental consequences of producing a kilogram of beef at the
red meat plant gate.

Project 2005/30: Removal of Potential Impact of Pharmaceutical Active Compounds
during Wastewater Treatment
Project Leaders: Prof Richard Stuetz and Prof Nicholas Ashbolt
Project Manager: Dr Stuart Khan
Project Participants: Pierre Le-Clech (School of Chemical Engineering and Industrial Chemistry),
Yulita Marselina (School of Chemical Engineering and Industrial Chemistry), Eric Picci (School of
Chemical Engineering and Industrial Chemistry), Uli Metzger (University of Karlsruhe, Germany), Ilje
Pikaar (Wageningen UR, The Netherlands), Jessie Phan (UNSW).
Funding Bodies: Funding is from an Australian Research Council (ARC) Discovery Grant.
Duration: June 2005 – June 2008
The impact of pharmaceutically active compounds (PhACs) on wastewater treatment in terms of
biodegradation rates and the spread of bacterial resistance is largely unknown. This project involves
wastewater biomass sorption studies and bioreactor trials using fixed film and suspended growth
secondary processes (activated sludge and membrane bioreactors). These systems are being
investigated under both static and dynamic conditions to characterise the removal and treatment of
PhACs in order to improve the design and operation of WWTPs for PhACs removal. Bacterial
resistance studies will examine the spread of microbial resistance to microbiota during wastewater
treatment in order to provide data on the potential impact of PhACs release to the wider environment.
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During 2005, experimental plans and analytical methods for PhAC and microbial analysis have been
finalised. Experimental bioreactor systems have being constructed to study the fate of PhACs in the
two different wastewater treatment systems. These have now been operational since October 2005.
Preliminary results focused on developing the methodology for the extraction of the different PhAC
based on GC-MS analysis. Additional analytical work has also been spent on developing LC-MS
methodology for the analysis of antibacterial PhACs and PhAC intermediates.
Bioreactor studies have focused on establishing routine chemical methods for the determining process
performance and specific chemical parameters such as EPC and protein analysis. This work has been
performed by two post-graduate exchange students from Germany and The Netherlands. A 4th year
Hons student will undertake sorption studies during 2006.
Work in collaboration with UK partners has shown that significant differences in the sorption of
pharmaceuticals between suspended and biofilm treatment processes is most likely due to different
biomass characteristics. Bacterial strains for resistance studies have also been obtained from Swedish
collaborators.
Studies will now compare the effects of different treatment processes and operational conditions on
the removal and treatment of PhAC in two bioreactor configurations (activated sludge and membrane
bioreactor) with the objective to develop more sustainable wastewater treatment systems in terms of
PhAC removal.
The specific objectives are to improve our understanding on:
i)
the influence of the composition of the wastewater biomass on sorption and desorption of
pharmaceutically active compounds (PhACs);
ii)
the impact of wastewater treatment
processes, operational conditions and
environmental
factors
on
PhACs
treatment and removal and
iii)
examine the spread of bacterial
resistance in relation to effluent discharge
and sludge utilisation.

Figure 13: Membrane bioreactor
bioreactor rig in background)

Annual Report 2005

rig

(activated

sludge

Page 31

Centre for Water and Waste Technology

6 Postgraduate students
6.1 CWWT supported research students
The following research students have received scholarship, project funding and support through
CWWT activities during 2005.
Student

Thesis topic

Degree

Supervisor

Mark Bligh

Fate and transformation of Iron and Phosphorus in Coastal
Waters – Implications for Bloom Forming Benthic
Cyanobacterium, Lyngbya majuscula.

PhD

T.D. Waite

Andrew Botfield
(submitted)

Arsenic oxidation processes in groundwater

PhD

T.D. Waite

Jin Chung
(submitted)

Novel fluorescent labelling of Cryptosporidium oocysts for
environmental tracking

PhD

N.J. Ashbolt

Christopher
Duesterberg

Kinetic modelling of advanced oxidation processes involving
Fenton’s reganet

PhD

T.D. Waite

Christobel
Ferguson
(submitted,
awarded 2006)

A deterministic model to quantify pathogen loads in drinking
water catchments

PhD

N.J. Ashbolt

Aurelie Godrant

Iron uptake by Trichodesmium: impact of superoxide
production.

PhD

T.D. Waite
A.L. Rose

Adele Jones

The Transport and Transformation of Aluminium (Al) and Iron
(Fe) from Acid Sulfate Soils (ASS)

PhD

T.D. Waite

Christine Kaucner

Surface properties of Cryptosporidium oocysts.

MSc

N.J. Ashbolt

Peter Kovalsky

Effect of mixing on hydraulic properties of compressible cakes
formed in membrane filtration

PhD

T.D. Waite,
G. Bushell

Elizabeth Lai

Development of an integrated sustainability assessment
framework for best practice management of urban water
system

PhD

S. Lundie

Daniel Livingston

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

PhD

N.J. Ashbolt

Jamal Nejem

Reducing export of acid sulfate soil products as contaminants
to coastal waters

PhD

T.D. Waite

An Ninh Pham

Generation and Transformation of Iron and Manganese in
Lake Burragorang

PhD

T.D. Waite
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Student

Thesis topic

Degree

Supervisor

Tim Salmon
(submitted)

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 systems

PhD

N.J. Ashbolt

Eric Sivret

Nitrous Oxide Monitoring for Nitrification Process Control

PhD

R. Stuetz

Nyree Stenekes
(submitted)

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
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6.2 Research student project summaries
Rebecca Barnes

Title: Decision-making for sustainable water and
sanitation interventions in rural developing communities

Supervisors: Nick Ashbolt and David Roser

Funding: Women in Engineering Scholarship

Background: Bec grew up in Tamworth and escaped
without a love for country music. Since age 9 she has
wanted to work in a developing region, motivated by a
realization of what Jesus did for her. In preparation for
this work, she studied Enviro Eng at UNSW (2001-2004)
with industrial training in India. After taking 6 months to
work in the ghettos of Washington DC, she returned to begin a PhD. Her field work is in the
Philippines – the country that first inspired her to Christian mission work 13 years ago.

Project Outline: Recent decades have seen a growing emphasis by theorists on the importance of
environmental and social sustainability in the water and sanitation development industry. Despite this,
there is evidence that development practice is not catching up. The fact that many countries, such as
India, are covered with abandoned infrastructure from well-meant interventions implies decisionmaking which:
a) fails to consider cultural or societal preferences;
b) employs a ‘recipe’ or repeated intervention and fails to recognise differences between
communities;
c) focuses on implementation of a particular technology rather than meeting a need or desired
performance; or
d) focuses on short-term rather than long-term improvement.

This research project aims to:
1) determine the extent to which all five key principles of sustainability (human health,
environmental, economic, socio-cultural, technical) are considered in the decision-making
methods used for water and sanitation interventions;
2) establish links between deficiencies in decision-making and common premature failure
mechanisms or abandonment of water and sanitation systems; and
3) trial the CWWT Sustainability Framework in determining the most sustainable form of
sanitation for a Filipino mountain community aided by the Episcopal Church in the Philippines
(ECP) and the Anglican Board of Missions (ABM).

A preliminary visit to seven mountain villages in Northern Luzon, The Philippines was undertaken in
November 2005.
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Mark Bligh
Project: Fate and transformation of Iron and Phosphorus in Coastal Waters – Implications for Bloom Forming
Benthic Cyanobacterium, Lyngbya majuscula.

Supervisor: Prof. David Waite

Funding body: Moreton Bay Waterways and Catchment Partnership

Project Aims:
•
Modelling of major geochemical processes controlling Fe (and P)
bioavailability (to Lyngbya)
•
Incorporation of key biogeochemical processes into larger (temporal
and spatial) scale models

Project Summary:
Release of Fe and P from bottom sediments in the Moreton Bay has been identified as a likely major source of Fe
(and P) during bloom periods. Compared to surface waters, there is less understanding of the likely chemical
transformations of Fe from subsurface environments on discharge to an estuarine environment. This pathway of
nutrient supply will form the focus of investigations in this project.

Initial studies will consider the resultant form of Fe on release to the surface waters. The processes of oxidation
and organic complexation of FeII will result in either 1) particulate FeIII oxide, or 2) organically complexed FeIII.
Preliminary modeling of this system has shown that the relative concentrations of Fe and organic ligand present
and the binding strength of the organic ligand determines which resulting form of FeIII is most abundant. Initial
laboratory studies have indicated that most of the FeII will end up as particulate FeIII oxides. Further work will
include the oxidation of FeII organic complexes and the impact the resulting form of FeIII. Later studies will
investigate the bioavailability to Lyngbya of the different forms of FeIII.

The fate and reactivity of particulate Fe resulting from the release of FeII from bottom sediments will be
investigated. The transport of particles will depend to some extent on the kinetics of aggregation controlling
particle size and settling. Light scattering techniques will be used to follow the growth of Fe oxide particles and
examine the effect of organic ligands and phosphate. Figure 12 shows the stabilizing effect of natural organic
matter on colloidal Fe oxide. The role of colloidal Fe in controlling P availability through adsorption will be
examined in later experiements.
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Figure 14. Kinetics of Fe oxide particle growth
following the addition of 50 µM of FeII to seawater
containing 0 or 20 mgL-1 of Suwanee River fulvic
acid (SRFA). Particle effective diameter measured
by photon correlation spectroscopy.
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Andrew Botfield
Project: Arsenic oxidation processes in groundwater
Supervisors: Prof David Waite
Funding body: CRC for Waste Management and Pollution Control Limited
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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Jin Chung
Project: Novel fluorescent labelling of Cryptosporidium oocysts for
environmental tracking
Supervisors: Professor Nicholas Ashbolt
Background: Jin 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 15)

Figure 15. Laboratory-scale examination of contaminant
degradation in nZVI-doped sand columns.
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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.
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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 Ferguson has a B. App. Sc. and M.Sc. from the University of Technology
Sydney. She is employed as the Principal Research Scientist with Ecowise Environmental and
manages a range of microbiological and water quality research projects designed to deliver innovative
and novel solutions to water managers. She is also an adjunct Senior Lecturer in the School of Civil
and Environmental Engineering and a Board member of the Australian Water Association. Her
research includes modelling pathogen loads from drinking water catchments, and the application of
new methods to quantify and prioritise pathogen risks to drinking water quality. Christobel completed
her studies during 2005.

Project summary: The most important priority for the management of Australian drinking water
catchments is the control of pathogen loads delivered to raw water reservoirs and treatment plant
intakes. A process-based mathematical model was developed to estimate pathogen catchment
budgets (PCB) for Cryptosporidium, Giardia and E. coli loads generated within and exported from
catchments. The model quantified key processes affecting the generation and transport of
microorganisms from humans and animal excreta using land use and hydrologic data, and catchment
specific information including point sources such as sewage treatment plants and on-site systems.
The PCB model was applied in the Wingecarribee catchment, Sydney and used to predict and rank
pathogen and indicator loads in dry weather, intermediate (<30 mm in 24 h) and large wet weather
events (100mm in 24 h). Sensitivity analysis identified that pathogen excretion rates from animals and
humans, and manure mobilisation rates were the most significant factors determining the output of the
model. Comparison with water quality data indicated that predicted dry weather loads were generally
within 1-2 log10 of the measured loads for Cryptosporidium and E. coli and within 1 log10 for Giardia.
The model was subsequently used to predict and rank pathogen and indicator loads for the entire (16
000 km2) Sydney drinking water catchment.
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Adele Jones
Project: The Transport and Transformation of Contaminants from Acid Sulfate Soils (ASS)
Supervisors: Prof. David Waite and Dr Richard Collins
Funding body: ARC Linkage with Tweed Shire Council and NSW
Canegrowers Association
Project summary: The primary objectives of this project are:
 To provide insight into the major chemical speciation of the
contaminants (predominantly iron and aluminium) discharged from
ASS to neighbouring flood drains and then to the main estuarine water
body
 To examine the transformation of these contaminants from source
(soil) to sink (estuary).
 To examine the kinetics of selected transformations of certain species of Fe and Al and develop a
model that satisfactorily describes these transformations
 To assess the benefits of certain remediation methods such as tidal flushing of drains and flowthrough wetlands
Analyses performed on pore water from soil collected from the Tweed region demonstrate that a large
portion of the iron (Fe) released is in the form of ferrous iron, and appears to undergo oxidation to form
various mineral forms as it diffuses from the lower soil profile to the upper soil profiles. Of the
remaining Fe in the dissolved phase, between 3 and 100 % may be complexed to dissolved organic
matter (DOM). As expected, peak Al concentrations are measured in the transition and acidic zones of
the soil profile, and at most only 10 % of this is complexed to DOM. Preceding flooding considerable
concentrations of DOM have been reported in literature, predominantly as a result of vegetation
decomposition, resulting in severe de-oxygenation of floodwaters. The release of such high
concentrations of DOM may considerably enhance the amount of Al and Fe complexed to organic
matter. Hence, an investigation of the kinetics of Fe and Al transformations with DOM are planned.
Preliminary investigations using deferrioxamine (DFB) to measure the dissociation rate of ferric iron
and DOM within drain water from the region have demonstrated that the Fe-DOM complexes formed
are relatively stable, with a stability constant of log K = 9.9 with extracted organic matter. Further
studies are planned using dissolved organic matter from vegetation species identified as being
composed of labile carbon and reported to decompose rapidly. The use of a cation-exchange
resin/ICP-MS technique to measure the rate of Al-DOM complex dissociation is currently being
investigated.
I have recently investigated the ability of the highly toxic polymeric aluminium species, Al13, to form in
these waters. Sulfate is known to prevent the formation of this species, and analysis of soil pore water
and drain waters demonstrate that the concentration of sulfate in both waters is sufficient to preclude
the formation of this species. Tidal flushing with water containing sulfate further aids in preventing the
formation of this highly toxic species within this particular environment in addition to allowing Al to be
removed from solution due to precipitation prior to entering the main estuary.
Further studies planned are to investigate both the kinetics and thermodynamics of iron
sorption/desorption within the soil profile with respect to pH, and possibly sulfate concentration. This
will be undertaken using radio-labeled techniques. Similar studies are also proposed with aluminium,
pending the ability to gain access to accelerated mass spectrometry (AMS) facilities. Field studies are
also intended to further understand the chemical transformations occurring in the region, particularly
following flooding, and to investigate the benefits of a flow-through wetland for reducing the export of
contaminants to the main estuary.
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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 16 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 2005
on various CWWT and CVEN projects. 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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Elizabeth Lai
Project: Development of an integrated sustainability assessment framework for best practice
management of urban water system

Supervisors: Assoc. Prof Sven Lundie, Prof Nicholas Ashbolt

Background: Elizabeth graduated from UNSW in 2004 with BE (Environmental) with First Class
Honours majoring in water engineering. As a Co-op Scholarship student in her undergraduate years,
she worked for Sydney Water Corporation and Collex Pty Ltd, undertaking analytical projects for
sustainable urban water planning and business strategic planning. Prior to joining the LCA team in
CWWT, she was a project engineer in the private wastewater service sector, managing multiple
wastewater treatment equipment installation projects and serving as a liaison officer between the
designer, manufacturer and contractor.

Project summary: The conventional approach to make decisions on the selection of urban water
system is generally based on economic cost-benefit analysis. However, thinking in terms of economic
costs and benefits is no longer sufficient; social, health, and environmental aspects have to
incorporated into the decision making process. Most reporting practice tends to divorce the
environment and economy from society, and effectively displaces the latter. The narrow focus adopted
contrasts with the broad definition of sustainability. The challenge is to incorporate meaningful
sustainability assessment in the decision making process that addresses the conflicting criteria
underpinning the definition.

The underlying sustainability criteria are economic, environmental and social needs. These criteria are
separate in their own right but they are also interrelated in the complex technical system. A holistic
approach to assess sustainability by integration of these criteria is limited by knowledge of the
complex inter-relationships between them. Most of the integrated sustainability assessment tools (i.e.
Multi-criteria Analysis, Integrated Assessment) treat the relationships between decision making criteria
as discrete points or assume implicit relationships. The functional relationships between the decision
making criteria are not examined.

This project addresses the problem of inter-relationships between multiple sustainability criteria and
examines the impact of changing one criterion on the others. The results from the study will lead to the
development of a generic assessment method that address trade-offs in a decision making framework.
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Daniel Livingston
Project: Institutions and Decentralised Urban Water
Supervisors: Prof Nicholas Ashbolt, Dr Hal K Colebatch
(Department of Public Policy and Administration, University
Brunei Darussalam)
Funding: ARC APA Scholarship + CRC WQT Top-up
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:
Aims:
• Analyse the governing of the urban water cycle, taking an institutional approach, to identify if and
how centralised water management is favoured over decentralised.
• Identify important institutional supporting factors for decentralised options and develop a
governance framework for pursuing decentralised options.
Water scarcity is driving significant reform toward more sustainable water management. Decentralised
technologies and approaches are among a broad suite of possible solutions. These are being
researched and developed technologically, but there is an apparent implementation gap or barrier,
often thought to be social or institutional.
Four Australian urban water management case studies were researched primarily through in-depth
semi-structured interviews of 80 key players and stakeholders for the four projects studied. The cases
were chosen because they had potential for decentralised solutions to be implemented. Three of the
projects did employ decentralised approaches, while the fourth opted for a conventional centralised
solution.
Decentralised innovation tended to occur where there was a dominant enabling discourse among key
participants favourable toward such alternatives. Water scarcity and the emerging discourse of
integrated water management were significant in all three cases where decentralisation was pursued.
Formal technical or multi-criteria assessments did not appear consistently linked with whether project
outcomes would be centralised or decentralised. The enabling discourses tended to have adaptive
and participative organisational structures, e.g., a new organisational unit established, where such
ideas and values were part of ‘accepted speech’.
The implication of this research for future water management planning is that for decentralised
innovation to be successful, project planning should include a querying of the existing organisational
structure within which a project is to be delivered, and establishment of an appropriate organisational
‘home’ for the innovation to take place.
Field work and analysis is complete; and a first draft of almost the entire thesis is written. Expected
submission date is April 2006.
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An Ninh Pham
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.
In addition to the studies of Fe(II) oxidation, studies of the effect of pH on the rate of precipitation of
amorphous ferric oxide (AFO) have also been completed and published in the journal Geochimica
0
Cosmochimica Acta. A key finding is that the dissolved ferric hydroxy species Fe(OH)3 is the key
precursor to AFO formation with the rate constant of AFO precipitation closely mirroring the
concentration of Fe(OH)30 in solution (Figure 16).
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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
Project aims:
The aims of this research project are:
- To improve our understanding of the effect of solution composition
on the size, structure and strength of particulate assemblages
formed by the coagulants alum and aluminium chlorohydrate (ACH)
- To investigate the fouling behaviour of these particulate assemblages in laboratory and prototype
scale submerged membrane filtration systems over a range of operating conditions
Current Progress:
Computer controlled constant pressure filtration rigs have been constructed for filter cake studies and
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.
A variety of standard and developing methods of analysing cake transport and compressibility
characteristics have been used to delineate these effects. Similar approaches are now being 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. An approach developed by (now
retired) CSIRO soil physicist Dr David Smiles has been found to be of particular use as it enables
prediction of the variation in pressure through the cake and resultant assessment of the impact of this
pressure gradient on cake compression (see Figure 17).

2.5

Pressure Difference, Ψ (mH2O)

Pressure difference, Ψ (mH2O)

2.5

5 mL

0.1 M NaCl
2

10 mL
20 mL

1.5

30 mL
40 mL

1

Finish
0.5

0

5 mL

1 M NaCl
2

10 mL
20 mL

1.5

30 mL
40 mL

1

Finish
0.5

0
0

0.0005

0.001

z (m)

0.0015

0.002

0

0.0005

0.001

0.0015

z (m)

Figure 17. Pressure difference profiles – 0.1M (left) and 1.0M (right) NaCl, pH 4, 20 kPa.
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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 systems 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 and
Management Implications for Urban Drinking Water Systems
Student/supervision team: Prof. Nicholas Ashbolt, Dr Asish Sharma, Dr
David Roser, Dr Susan Petterson.
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. 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, interdependency 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 on the assessment of the applicability of current QMRA methods on systems-based
risk assessment, including the development of an improved framework for interpreting microbiological risk
analyses in risk management terms.
The key sub-areas of interest are summarised as:
• 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.
• 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.
• 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’.
• Conduct an overall ‘catchment-to-consumer’ risk assessment and discuss the management implications of the
first 4 key areas.
• Method/philosophy development in order to interpret the QMRA results in terms of risk management actions.
Work to date has indicated that it is possible to first qualitatively describe what events may lead to periods of poor
water quality, use that information to drive data collection protocols, and then quantify the impact the event has on
health risks to water consumers. For instance ca. 86% of the total number of expected cryptosporidiosis infections
to consumers from a case-study water system were associated with runoff event conditions in the catchment,
assuming the water treatment plant was operating normally. Estimating the relative risk associated with specific
defined event periods has implications for risk management, especially in the determination of critical limits of
system performance required to meet health targets, and prioritisation of points within a system where the
greatest risk mitigation measures should be aimed. Future work, pertains mainly to the fifth point listed previously,
and will entail the creation of a QMRA quality audit system so as to incorporate non-quantifiable, though existent,
uncertainties associated with the QMRA process. The premise is that while QMRA models sufficiently allow
numerically derived uncertainties to be incorporated and communicated within the risk assessment results, other
uncertainties exist that are not quantifiable, e.g. perceived quality of the dataset used to derive a QMRA model
parameter, complexity of mechanistic processes behind estimation of a water treatment efficacy estimation, etc.,
and that such issues are important when communicating risk assessment results.
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Eric Sivret
Project: Nitrous Oxide Monitoring for Nitrification Process Control
Supervisors: Dr. Richard Stuetz and Dr. William Peirson
Funding: Endeavour International Search Scholarship, UNSW/Faculty of Engineering Scholarships
Background: Eric completed a B.Sc.E. in Chemical Engineering at the University of New Brunswick
(Canada) in 2001. He then worked as an environmental consultant with Jacques Whtiford
Environment Limited in Canada (2001-2005) prior to commencing a PhD at UNSW in March 2005.
Project Summary: The nutrient enrichment of water bodies can promote the formation of algal
blooms which upset natural ecosystems, killing other forms of aquatic life and potentially introducing
toxins, colours and tastes into the source water for potable water treatment plants. One of the
controllable sources of nutrient emissions to water bodies is from municipal sewage. Nitrogen
emissions from sewage are commonly mitigated using a two step biological nutrient removal process
(aerobic nitrification and anaerobic denitrification). The control of these processes is crucial in
providing an effluent of consistent quality and meeting environmental discharge regulations.
This project focuses on the development and implementation of a process control system for the
nitrification component of nutrient removal systems using off-gas analysis for nitrous oxide. While the
concept of process control based on off-gas analysis exists in literature (particularly related to
respirometry and anaerobic digester biogas production), the use of nitrous oxide gas emissions from
nitrification plants for process control currently exists only at the conceptual level.

Figure 18: Activated
Sludge Pilot Plant
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Experimental components of this project will be conducted using a
laboratory scale activated sludge pilot plant equipped with an off-gas
analysis system and process control equipment. The objectives of the
experimental work will be to increase understanding of the response of
nitrification systems (with emphasis on gaseous emissions) to
fluctuations of selected process parameters, and to evaluate the costeffectiveness (in terms of aeration costs and costs associated with
emissions to the environment) and technical feasibility of the developed
control system in the context of existing control systems. In addition to
the above objectives, the experimental component will support, and be
supported by, a process modelling study that will expand upon existing
activated sludge models to allow the prediction of gaseous emissions of
nitrous oxide.
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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.

A

B

Figure 19. Nanosized zero valent iron particles have been shown to generate strongly oxidisisng hydroxyl radicals
in the presence of oxygen. TEM of nZVI spheres produced using the borohydride technique (A) and nZVI platelets
produced using the dithionite technique (B)
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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 is one who has
provided a short summary of the work they completed while enrolled at UNSW during their practicum
in 2005:

Aurelie Godrant: Role of Superoxide in Iron Uptake by Trichodesmium
Aurelie joined the Centre as a practicum student in late 2004 and spent the
majority of 2005 undertaking studies of iron uptake by marine organisms prior to
converting to a doctoral program as a “co-tutelle” student. In this capacity,
Aurelie will undertake a PhD through both UNSW and l’Université de Bretagne
Occidentale (UBO) in Brest, France.
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7 Staff

Staff in the Centre for Water and Waste Technology

Position

Phone

Professor David Waite**

Director
Discipline Leader

9385 5060

9385 6139 D.Waite@unsw.edu.au

Dr Richard Stuetz**

Deputy Director
Discipline Leader

9385 5944

9385 6139 R.Stuetz@unsw.edu.au

Lynette Menzies

Business Manager

9385 4601

9313 8624 L.Menzies@unsw.edu.au

Robyn Smith

Administrative Assistant 93855017

93138624

Prof. Nicholas Ashbolt**

Discipline Leader

9385 5946

9385 6139 N.Ashbolt@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 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

Dr Jing Guan

Research Associate

9385 5227

9313 8624 Gjing@civeng.unsw.edu.au

Dr Stuart Khan

Senior Research Fellow 9385 5089

9313 8624 s.khan@unsw.edu.au

Christine Kaucner

Research Assistant

93138624

Dr Greg Peters

Senior Research Fellow
9385 5097
Acting discipline leader

9313 8624 g.peters@unsw.edu.au

Dr Andrew Rose

Research Fellow

93138624

Dr David Roser

Senior Research Fellow 9385 5137

9313 8624 DJRoser@civeng.unsw.edu.au

Ms Hazel Rowley

Research Associate

9385 7896

9313 8624 h.rowley@unsw.edu.au

Dr Xinguang Wang

Research Associate

9385 5452

9313 8624 Xinguang.wang@unsw.edu.au

9385 4604

9384 5214

Fax

e-mail

Staff member

Robby@unsw.edu.au

C.ferguson@unsw.edu.au

chrisk@civeng.unsw.edu.au

andrew.rose@unsw.edu.au

** Academic staff of School of Civil & Environmental Engineering.

Page 50

Annual Report 2005

Centre for Water and Waste Technology

8 Publications
8.1 Books
+

Hawken, R., +Blackburn, N., Lundie, S., and Peters, G. (2005). Pilot Sustainability Report for the University of
New South Wales. UNSW Publishing and Printing Service (ISBN 0 7334 2309 4).

Khan, S.J., *Muston, M.H. and *Schäfer, A.I. (Eds.) (2005). Integrated Concepts in Water Recycling, University of
Wollongong, Wollongong, NSW, Australia. (ISBN 1 74128 082 6).
Schaefer, A.I., Fane, A.G. and Waite, T.D. (2005). Nanofiltration: Principles and Applications. Elsevier Ltd,
Oxford, 560 pages (ISBN: 1856174050).

8.2 Book Chapters
Barbosa, V.L. and Stuetz, R.M. (2005). Treatment of hydrogen sulphide in biofuels. In: Biofuels for Fuel Cells:
Biomass Fermentation Towards Usage in Fuel Cells (P. Lens, P. Westermann, M. Haberbauer and A. Moreno
eds.), Chapter 24, pp. 430-441, IWA Publishing, London.
Schäfer, A.I., Fane, A.G. and Waite, T.D. (2005). Nanofiltration: Principles and Applications. Elsevier Science Ltd,
Oxford.
Waite, T.D. (2005). 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. (2005). Role of iron in light-induced environmental processes. In “Environmental Photochemistry Part
II” (Ed P. Boule, D. Bahnemann, P. Robertson), Handbook of Environmental Chemistry, Volume 2, Part M (Ed O.
Hutzinger), Springer-Verlag, pp. 255-298.

8.3 Journal Articles
*Barbosa, V.L. and Stuetz, R.M. (2005). Activated sludge diffusion for odour control. Water (March): 135-140.
+Braga, O., *Smythe, G.A., *Schäfer, A.I. and Feitz, A.J. (2005). Steroid estrogens in primary and tertiary
wastewater treatment plants. Water Science and Technology 52(8):273-8.
+

*

Braga, O., *Smythe, G.A., Schäfer, A.I. and Feitz, A.J. (2005). Fate of steroid estrogens in Australian inland and
coastal sewage treatment plants, Environmental Science and Technology 39(9):3351-3358.

+

Braga, O., *Smythe, G.A., Schäfer, A.I. and Feitz, A.J. (2005). Steroid estrogens in ocean sediments.
Chemosphere 61(6):827-833.

*Brookes, J.D., *Hipsey, M.R., *Burch, M.D., *Regel, R.H., *Linden, L.G., +Ferguson, C.M. and. *Antenucci, J.P.
(2005). Relative value of surrogate indicators for detecting pathogens in lakes and reservoirs. Environment
Science and Technology 39(2):8614-8621.
*Butcher, J., *Jeffrey, P. and Stuetz, R.M. (2005) User influences on knowledge structuring on the Internet:
literature survey and case study of a global network of water professionals. Journal of Hydroinformatrics 7(4):251266.
+

Charles, K.J., Ashbolt, N.J., Roser, D.J., *McGuinness, R. and *Deere, D.A. (2005). Effluent quality from 200 onsite sewage systems: design values for guidelines. Water Science and Technology 51(10):163-169.
+

*Chalmers, R., Ferguson, C. M., *Caccio, S., *Gasser, R. *Abs EL-Osta, Y., *Heijnen, L., *Xiao,L., *Elwin, K.,
*Hadfield, S., *Sinclair, M. and *Stevens, M. (2005). Direct comparison of selected methods for genetic
categorisation of Cryptosporidium parvum and Cryptosporidium hominis species. International Journal for
Parasitology 35(4):397-410.
Chang, S., Waite, T.D. and Fane, A.G. (2005). A simplified model for trace organics removal by continuous flow
PAC adsorption/submerged membrane processes. Journal of Membrane Science 253(1-2):81-87.
+

*Cox, P., *Griffith, M., *Angles, M., *Deere, D., and Ferguson, C.M. (2005). Concentrations of pathogens and
indicators in animal faeces in the Sydney watershed. Applied and Environmental Microbiology 71 (10):5929-5934.
Davies, C. M. (2005) The terrestrial fate of Cryptosporidium in drinking water catchments. Microbiologist
6(2): 38-39.
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+

+

Davies, C.M., Altavilla, N., *Krogh, M, Ferguson, C.M., *Deere, D.A. and Ashbolt, N.J. (2005). Environmental
inactivation of Cryptosporidium oocysts in catchment soils. Journal of Applied Microbiology 98(2):308-317.
+

Duesterberg, C.K., Cooper, W.J. and Waite, T.D. (2005). Fenton-mediated oxidation in the presence and
absence of oxygen. Environmental Science and Technology 39:5052-5058.
+

+

*

Feitz, A.J., Joo, S.H., Guan, J.G., Sun, Q., Sedlak, D.L. and Waite, T.D. (2005). Oxidative transformation of
contaminants using colloidal zero-valent iron, Colloids and Surfaces A, 265: 88-94.
Feitz, A.J. (2005). Advanced oxidation processes and industrial wastewater treatment, Water, 32(8):33-36.
Feitz, A.J. (2005) How rusting iron can clean up toxic spills, Australasian Science (October):19-20.
Feitz, A.J. (2005). How rusting iron can clean up toxic spills, Chemistry in Australia, (reprinted from Australasian
Science) November, pp 14-16.
+

Ferguson, C.M., *Croke, B., Ashbolt, N.J. and *Deere, D.A. (2005). A deterministic model to quantify pathogen
loads in drinking water catchments: pathogen budget for the Wingecarribee. Water Science and Technology
52(8):191-197.

*Hijnen, W.A.M., *Brouwer-Hanzens, A.J., +Charles, K.J. , and *Medema, G.J. (2005). Transport of MS2 Phage,
Escherichia coli, Clostridium perfringens, Cryptosporidium parvum, and Giardia intestinalis in a gravel and a
sandy soil. Environmental Science and Technololgy 39(20):7860-7868.
*Jefferson B., *Nazareno C., *Georgaki S., *Gostelow P., Stuetz R.M., *Longhurst P.L. and *Robinson T. (2005).
Membrane gas absorbers for H2S removal – design, operation and technology integration into existing odour
treatment strategies. Environmental Technology 26:793-804.
+

Joo, S.H., Feitz, A.J., *Sedlak, D.L. and Waite, T.D. (2005). Quantification of the oxidizing capacity of
nanoparticulate zero-valent iron, Environmental Science and Technology 39:1263-1268.

+

Kaucner, C., Davies, C.M., +Ferguson, C.M. and Ashbolt, N.J. (2005). Evidence for the existence of
Cryptosporidium oocysts as single entities in surface runoff. Water Science and Technology 52(8):199-204.
Khan, S.J., *Wintgens, T., *Sherman, P., *Zaricky, J. and *Schafer, A. I. (2005). A performance comparison of
individual and combined treatment modules for water recycling. Environmental Progress 24(4):383-391.
Khan, S.J. and *Ongerth, J.E. (2005). Occurrence and removal of pharmaceuticals at an Australian sewage
treatment plant. Water 32(4):80-85.
*Långmark, J., Storey M.V., Ashbolt, N.J. and *Stenström, T.A. (2005). The accumulation and fate of
microorganisms and microspheres in biofilms formed in a pilot-scale water distribution system. Applied and
Environmental Microbiology 71(2):706-712.
*Långmark, J., Storey, M.V., Ashbolt, N.J. and *Stenström, T.A. (2005). Biofilms in an urban water distribution
system: measurement of biofilm biomass, pathogens and pathogen persistence within the Greater Stockholm
Area, Sweden. Water Science and Technology 52(8):181-189.
Lee, D-J., Swarbrick, G. and Waite, T.D. (2005). Effect of calcite on lead-rich cementitious solid forms. Cement
and Concrete Research 35:1027-1037.
Lee, S.A., Fane, A.G. and Waite, T.D. (2005). Impact of natural organic matter on floc size and structure effects in
membrane filtration. Environmental Science and Technology 39:6477-6486.
+

+

Livingston, D.J., Stenekes, N., Colebatch, H.K., Waite, T.D. and Ashbolt, N.J. (2005). Governance of water
assets: A reframing for sustainability. Water, Journal of the Australian Water Association 32(8):19-23.
Lukondeh, T., Ashbolt, N.J. and Rogers, P.L. (2005). Fed-batch fermentation for production of Kluyveromyces
marxianus FII 510700 cultivated on a lactose-based medium. Journal of Industrial Microbiology and
Biotechnology 32(7):284-288.
Lundie, S. and Peters, G.M. (2005). Life cycle assessment of food waste management options. Journal of
Cleaner Production 13:275-286.
*Mastrup, M., *Schäfer, A.I. and Khan, S.J. (2005) Predicting fate of the contraceptive pill in wastewater treatment
and discharge. Water Science & Technology 52(8), 279–286.
*Pollard, P., *Leeming, R., *Bagraith, S., *Greenway, M. and Ashbolt, N.J. (2005). Impacts of sewage overflows
on an urban creek. Water, Journal of the Australian Water Association 32(2):41-46.
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*Rogers, N.J., *Apte, S.C., Knapik, A.*, Davies, C.M., *Bowles, K.C. and *Kable, S.H. (2005). A rapid,
radiochemical bacterial bioassay to evaluate copper toxicity in freshwaters. Archives of Environmental
Contamination and Toxicology 49(4):471-479.
Rose, A.L. and Waite, T.D. (2005). Reduction of organically complexed ferric iron by superoxide in a simulated
natural water. Environmental Science and Technology 39(8):2645-2650.
Rose, A.L., Salmon, T.P., Lukondeh, T., Neilan, B.A. and Waite, T.D. (2005). Use of superoxide as an electron
shuttle for iron acquisition by the marine cyanobacterium Lyngbya majuscula. Environmental Science and
Technology 39(10):3708-3715.
Roser, D.J., Ashbolt, N.J., *Ho, G., *Mathew, K., *Nair, J., *Ryken-Rapp, D. and Toze, S. (2005). Hydrogen
sulphide test strips and the detection of groundwater contamination by septic seepage. Water Science and
Technology 51(10):291-300.
Shu, L., Waite, T.D., Bliss, P.J., Fane, A. and Jegatheesan, V. (2005). Nanofiltration for the possible reuse of
water and recovery of sodium chloride salt from textile effluent. Desalination 172:235–243.
+

Signor, R.S., Roser, D.J., Ashbolt, N.J. and Ball, J.E. (2005). Quantifying the impact of runoff events on
microbiological contaminant concentrations entering surface drinking source waters. Journal of Water and Health
3(4):453-468.
*Simpson, S.L., *Apte, S.C. and Davies, C.M. (2005). Bacterially assisted oxidation of copper sulfide
minerals in tropical river waters. Environmental Chemistry 2:49-55.
Stuetz, R.M. and *Bowman, A. (2005). IWA’s commitment to young professionals. Water 21 (June):61-62.

+

Tangsubkul, N., +Beavis, P., Moore, S.J., Lundie, S. and Waite, T.D. (2005). Life cycle assessment of water
recycling technology. Water Resources Management 19:521–537
+

Tangsubkul, N., Moore, S.J. and Waite, T.D. (2005). Implications of water recycling to phosphorus management.
Environmental Science & Policy 8:1-15.
*

*Thompson A., *Griffin P., Stuetz R.M. and Cartmell E. (2005) The fate and removal of triclosan during sewage
treatment. Water Environment Research 77(1):63-67.
*Wintgens, T., *Melin, T., *Schäfer, A., Khan, S., *Muston, M., *Bixio, D. and *Thoeye, C. (2005). The role of
membrane processes in municipal wastewater reclamation and reuse. Desalination 17(178):1-11.

8.4 Conference papers
Ashbolt, N.J. (2005). Bacteria, viruses and other pathogens. In Contaminants of Concern in Water. 22-23 June,
2005, Rydges Lakeside Hotel Canberra pp. CD-ROM. Australian Water Association, Artarmon.
+

Charles K.J., Davies C.M., *Baker D.L., *Charles C.J., Ashbolt N.J., *Schijven J.F. and *Deere D.A. (2005). Virus
transport and fate in soils as a basis for setback distances for septic tanks. In WaterMicro05, Proc. of the IWA
Health-Related Water Microbiology Symposium, Swansea, Wales 5-9 September, 2005 CD-ROM.

+

+

Charles K.J., Davies C.M., Ashbolt N.J., *Baker D.L., *Souter F.C., *Schijven J.F., Ferguson C.M., *Deere D.A.
and *Banens R. (2005). On-site sewage management in Sydney's drinking water supply catchments: virus
transport experiments and risk assessment. In On-site'05 Performance Assessment for On-site Systems:
Regulation, operation and monitoring. Lanfax Labs, Armidale, Australia.
Chattopadhyay, G., Hirota, K., Chandra, S., and Prasad, D. (2005) Indoor air quality indicators for the Green
Globe benchmarking system for tourism companies and developments. Paper 5265, Proceedings of the world
sustainable building conference, Tokyo September 27-29, 2005.
+

Dever, S.A., Swarbrick, G.E., *Annett, L. and Stuetz, R.M. (2005). The effect of landfill gas loading on the
performance of a passive biofiltration system operating under Australian conditions. Proceedings 10th
International Waste Management and Landfill Symposium, Sardinia 2005, Italy, CD-Rom 10pp.
Duesterberg, C.K. and Waite, T.D. (2005). Chemical oxidation by Fenton’s reagent: Process optimisation using
kinetic modelling. In Proceedings of International Conference on Novel technology and Management for Drinking
Water Safety, Tianjin, China, Sept 6-8, pp. 385-389.
+

*

Feitz, A.J, Braga, O., Smythe, G.A. and Schäfer, A.I. (2005) Steroid estrogens in marine sediments at proximity
to a sewage ocean outfall, In Integrated Concepts in Water Recycling 2005, pp. 203-211.
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+

Ferguson, C.M., Davies, C.M., Kaucner C., Ashbolt, N.J., and *Deere, D. 2005. Catchment Research at the
Cooperative Research Centre for Water Quality and Treatment. American Water Works Association Annual
Conference and Exhibition, San Francisco. CD-ROM.

+

Ferguson, C.M., *Deere, D., *Sinclair, M., *Chalmers, R.M., *Elwin, K., *Hadfield, S., *Xiao, L., *Ryan, U.,
*Gasser, R., *Abs EL-Osta, Y., and *Stevens, M. 2005. Application of genotyping methods to assess risks from
Cryptosporidium in watersheds. Environmental Health Perspectives.

+

Ferguson, C. M. 2005. Bugs budgets - practical approaches for determining where best to target pathogen
source controls. Paper read at AWA and CRCWQT - Water Hot Topics, at Port Macquarie, Australia. CD-ROM.

+

Ferguson, C. M., and *Croke, B. F. W. 2005. Deterministic model to quantify pathogen and faecal indicator loads
in drinking water catchments. MODSIM, 12-15th December, 2005, at Melbourne. CD-ROM

+

Ferguson, C. M., *Croke, B., Ashbolt, N.J. and *Deere, D.A. 2004. A deterministic model to quantify pathogen
loads in drinking water catchments:Pathogen budget for the Wingecarribee. Paper read at 4th International Water
Association World Congress and Exhibitions, at Marrakech, Morocco. CD-ROM.
*Flapper, T., *Chapman, H., *Guang-Guo, Y., Khan, S. and *Dennis, S. (2005) EDC's associated with effluent
reuse schemes and STP effluent. In: Contaminants of Concern in Water Australian Water Association, Canberra.
CD-ROM.
Genkin, G., Waite, T.D., Fane, A.G. and Chang, S. (2005). The effect of axial vibrations on the filtration
performance of submerged hollow fibre membranes. Extended Abstracts of ICOM 2005, pp 281-282.
Guan, J., Wang, S.W. and Sun, T.H. (2005) A Developed Membrane Bioreactor (MBR) System For Wastewater
Treatment And Reuse In China. Full paper presented at The 5th International Symposium of Wastewater
Reclamation and Reuse for Sustainability (WRRS2005). Jeju Island, Korea, 8/11/05 - 11/11/05. CD-ROM.
Khan, S.J. and *Gerrard, L.E. (2005) Stakeholder communications for successful water reuse operations. In:
Integrated Concepts in Water Recycling (Eds, Khan, S. J., Muston, M. H. and Schäfer, A. I.) Wollongong, NSW,
Australia, pp 355-367.
Khan, S.J. (2005) Progress, trends, opportunities and barriers to water reuse in Australia. In: 20th Annual
WateReuse Symposium WateReuse Association, Denver. CD-ROM.
Khan, S.J. (2005) Risk assessment of pharmaceutical residuals in recycled water. Contaminants of Concern in
Water. Australian Water Association, Canberra, ACT, Australia. CD-ROM.

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. In 4th International Water Association World
Congress and Exhibitions. International Water Association, Marrakech, Morocco. CD-ROM.
*Pollard, P., *Leeming, R., *Bagraith, S., *Greenway, M. and Ashbolt, N. (2005). Health impacts of sewage
overflows into a tidal urban (Lota) creek of Brisbane. In Proc. 2005 Annual Meeting of the Australian Society for
Microbiology, Canberra. Australian Society for Microbiology, Melbourne. CD-ROM of extended abstracts.
+

Seelsaen, N., *McLaughlan, R., Moore, S. and Stuetz, R.M. (2005) Pollutant removal efficiency of alternative
th
media in stormwater treatment. Proceeding 10 IWA conference on Urban Drainage, Copenhagen, Denmark,
CD-Rom 8pp.
+

Signor, R.S. and Ashbolt, N.J. (2005). Pathogen monitoring offers questionable protection against drinking-water
risks: A QMRA approach to assess risk management strategies. In WaterMicro05, Proc. of the IWA HealthRelated Water Microbiology Symposium, Swansea, Wales 5-9 September, 2005 pp. CD-ROM.

Swarbrick, G.E., Stuetz, R.M. and +Dever, S.A. Passive drainage and biofiltration of landfill gas using recycled
th
waste materials under Australian conditions. Proceedings 10 International Waste Management and Landfill
Symposium, Sardinia 2005, Italy, CD-Rom 10pp.
*

*Thompson, A., *Winkler, G., *Griffin, P., Stuetz, R.M. and Cartmell, E. (2005) Parameters affecting removal of
pharmaceuticals during sewage treatment. AWA Chemical of Concern conference, Canberra, CD-Rom 11pp.
Waite, T.D. and +Santiwong, S. (2005). Membrane fouling in water treatment: Effect of solution composition on
resistance and compressibility of gel-forming filter cakes. In Proceedings of IWA International Conference on
Particle Separation 2005, pp. 517-524.
*Weber, S., Khan, S.J. and *Hollender, J. (2005) Human risk assessment of organic contaminants in reclaimed
wastewater used for irrigation. In: Integrated Concepts in Water Recycling (Eds, Khan, S. J., Muston, M. H. and
Schäfer, A. I.) Wollongong, NSW, Australia, pp. 724-735.
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*White, I., *Macdonald, B.C.T., *Reilly, R., Melville, M.D. and Waite, T.D. (2005). Unconfined groundwater
hydrology of soft sulfidic soils. Proceedings of 29th Hydrology and Water Resources Symposium February,
Canberra, pp. 1-8.

8.5 Conference presentations
Chang, S., Fane, A.G. and Waite, T.D. (2005). Effect of coagulation within the cake-layer on fouling transients
with dead-end hollow fiber membranes. Extended Abstracts of ICOM 2005 pp 431-432.
+

*Deere D.A., *Davison A.D., and Ferguson C.M. (2004). Implications for pathogen TMDLs and risk management
plans. Paper read at AWWA Water Quality Technical Conference, at San Antonio, Texas.
Feitz, A.J., Lundie, S., *Dennien, G., *Morain, M. and *Jones, M. (2005) Allocating intra-industry material and
energy flows using physico-chemical allocation matrices, 4th Australian Conference on Life Cycle Assessment,
23-24 February 2005, Sydney.
*

*

*

*

Feitz, A.J., Guan, J., Waite, T.D., Lancaster, P.L, McDowall, L., Doward, J. and Rose, H. (2005) Degradation of
1,4-thioxane and diisopropyl methylphosphonate (DIMP) using iron nanoparticles, Decon Downunder, 1st
International Conference on the Removal or Destruction of Highly Toxic Chemical and Biological Contamination,
13 - 16 February 2005, Melbourne.
Feitz, A.J. (2005) Cleanup technologies (advanced oxidation processes), invited paper, Industrial wastewater
process and reuse seminar, Australian Water Association, 18th May 2005, Melbourne, 25th May 2005, Sydney,
8th September, Adelaide, Australia.
Feitz, A.J. (2005) LCM Experiences in the Dairy sector, 6th Asia Pacific Roundtable for Sustainable Consumption
and Production, 10-12 October 2005, Melbourne.
+

Ferguson, C.M., *Deere, D., *Davison, A., *Wood, J. and *Billington, K. 2005. Prioritisation of management
strategies in the Torrens catchment (South Australia) using a process based pathogen model. Poster at 13th
biennial International Water Association Health-related Water Microbiology Symposium, 5-9 September, at
Swansea.

Lestari. F., Green, A. R., Chattopadhyay, G. and Hayes, A. J. (2005) Assessing the toxicity of smoke derived from
polymer combustion using human lung cells (A549). Oral presentation. 5th World congress on alternatives and
animal use in the life sciences. August 21-25, Berlin, Germany 2005.
Lundie, S. Feitz, A.J. and *Kröger, T. (2005) Integrating environmental and economic systems analysis - A case
study of air-conditioning systems, 4th Australian Conference on Life Cycle Assessment, 23-25 February 2005,
Sydney.
Lundie, S. (2005) Sustainable Consumption – Australian Case Studies. International Society for Industrial Ecology
2005 Conference, June 12 – 15, 2005, Sweden.
Peters, G. Introduction to life cycle assessment at Sydney Water. Vicwater Sustainability Seminar, Melbourne 20
May 2005.
Peters, G. and *Rouse K. (2005) Environmental sustainability in water supply planning – an LCA approach for the
Eyre Peninsula, South Australia. 4th Australian Life Cycle Assessment Conference - Sustainability Measures for
Decision Support, Sydney 23-25 February, 2005. Australian Life Cycle Assessment Society, Melbourne.
Quirk, R., Melville, M.D., Waite, T.D., Desmier, R., Kinsela, A.S., Reynolds, J., Smith, J., Keen, A., Macdonald,
B.C.T., White, I. and Donner, E. (2005). Acid sulfate soils: their drainage, oxidation, and best management.
Proceedings of American Association for the Advancement of Science First International Conference, New
Orleans, January.
Roser, D. J., Davies, C. M., Ashbolt, N. J., and *Morison, P. (2005) Microbial exposure assessment of an urban
recreational lake: a case study of the application of new guidelines. Presented at the Health Related Water
Microbiology IWA Conference, Swansea, 4-8 Sept 2005.
*Stevens, M., and +Ferguson, C. M. 2004. Application of genotyping methods to assess pathogen risks from
Cryptosporidium in drinking water catchments. Workshop at IWA 4th World Water Congress and Exhibition, at
Marrakech, Morocco 2005.

8.6 Technical Research Reports
Ashbolt, N.J., Petterson, S.A., *Stenström, T.A., *Schönning, C., *Westrell, T. and *Ottoson, J. (2005). Microbial
Risk Assessment (MRA) Tool. Urban Water Report 2005:7. Chalmers University of Technology, Göteborg. ISSN
1650-3791
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Davies, C.M., Kaucner, C., Altavilla, N., Ashbolt, N. J., Ferguson, C. M., *Krogh, M., *Hijnen, W., *Medema, G.,
and *Deere, D. A. (2005) Fate and transport of surface water pathogens in watersheds. Denver, Colorado, USA:
American Water Works Association Research Foundation Report 1P-4.75C-91078F-10/05-CM, 261 pp.
Dwyer, L., Forsyth, P., Fredline, L., Jago, L., Deery, M. and Lundie, S. (2005) Concepts of tourism yield and their
measurement. Final report to the CRC for Sustainable Tourism, Melbourne
Feitz A., Wang X. and Stuetz R.M. (2005) Review of Oxidation Processes for Destruction of Odours from Alumina
Refinery Digestion Condensate. Final Report for Alumina Industry Air Emissions Forum, 29p. CWWT Report
2005/4.
Feitz, A.J., Guan. J. and Wang, X. (2005) Assessment of advanced oxidation technologies for odour control:
Stage 2, Final Report, 10 June 2005, TEMCO. CWWT Report 2005/5.2.
+

Ferguson, C.M. (2005) Deterministic model of microbial sources, fate and transport: a quantitative tool for
pathogen catchment budgeting. PhD, School of Biotechnology and Biomolecular Science, University of New
South Wales, Sydney.
Guan, J. (2005) Bench –Scale Test For Treatment Of Groundwater Contaminated With Trichloroethene (TCE)
Using Granular Activated Carbon (GAC). CWWT Report 2005/10.
*Hipsey, M. R., *Antenucci, J. P., *Brookes, J. D., *Burch, M. D., *Regel, R. H., Davies, C., Ashbolt, N. J. and
Ferguson, C. (2005) Denver, Colorado, USA: American Water Works Association Research Foundation and US
Environmental Protection Agency Report 1P-4.5C-91073F-08/05-CM, 164 pp.

+

*Jönsson, H., Ashbolt, N., *Baky, A., *Drangert, J-O, *Krantz, H., *Kärrman, E., *Ledin, A., *Ottoson, J.,
*Palmquist, H., *Westrell, T. and *Vinnerås, B. (2005) Slutrapport från modellstaden Urbana enklaven (Final
report for the model city Urban Enclave; in Swedish, English abstract). Urban Water Report 2005:8. Chalmers
University of Technology, Göteborg.
+

+

+

*Kärrman, E., *Söderberg, H., Lundie, S., Ashbolt, N.J., Kazaglis, A., Lai, E., Livingston, D. and *Anderson, J.
(2005). Literature Review. Methodology for Evaluating the Overall Sustainability of Urban Water Systems. Centre
for Water and Waste Technology, University of New South Wales, Sydney.
Khan, S.J. (2005) Drivers, challenges and prospects for water reuse in Australia. (Department of the Environment
& Heritage) CWWT Report 2005/12.
Khan, S.J. and Feitz, A.J. (2005) Fate of acetaldehyde in Wagerup cooling lakes. (Final report for Alcoa Australia
Ltd). CWWT Report 2005/13.
Khan, S. J. and *Gerrard, L. E. (2005) Chapter 6: Consultation and Communication. In: National Guidelines for
Water Recycling - Managing Health and Environmental Risks. Natural Resource Management Ministerial Council,
Environment Protection and Heritage Council, Canberra, 166-175. (Draft released for Public Comment).
Lundie, S., Ashbolt, N.J., +Livingston, D.J., +Lai, E., *Kärrman, E., *Blaikie, J. and *Anderson, J. (2005)
Sustainability Framework: Methodology for Evaluating the Overall Sustainability of Urban Water Systems. Centre
for Water and Waste Technology (commercial report for Water Services Association of Australia) University of
New South Wales, Sydney.
Lundie, S. and Feitz, A. (2005) Life Cycle Assessment of 1kg block of Bega Tasty Cheddar Cheese. Final report
for Bega Cheese.
Peters G, Feitz A, Lundie S (2005) Life Cycle Analysis of the Australian Red Meat Industry. CWWT Report
2005/5. (Commercial research report for Meat and Livestock Australia).
*Pollard, P., *Leeming, R., *Bagraith, S., *Greenway, M. and Ashbolt NJ (2005) Impacts of sewer overflows on an
urban tidal creek of Lota, Brisbane. Griffith University, Brisbane.
Roser, D.J., Davies, C., Wyllie, S. and Ashbolt, N.J. (2005) Lake Parramatta water safety plan for the
management of recreational water quality and water borne pathogens. Stage 2. Assessment of dry weather water
quality suitability classification and development of dry weather management strategies. CWWT Report 2005/8.
Stuetz, R. (2005) Rehabilitation of the former Camide landfill gas drainage and biofiltration trial progress report.
(prepared for CSR PGH). CWWT Report 2005/7.
Stuetz, R.M., Jefferson, B. and Parsons, S.A. (2005) Activated Sludge Diffusion for Odour Control. Final report for
Engineering and Physical Sciences Research Council grant (GR/R41064), 6p
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8.7 Patents
Feitz, A.J., +Joo, S.H. and Waite, T.D. (2005) Method for decontaminating surfaces. PCT Int. Appl.,
WO2005/053797.
+

Student, * author external to UNSW
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9 Financial statement
9.1 Income and expenditure for 2005
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:

2005

2004

$

$

1,778,388

1,298,209

ARC discovery & linkages

543,820

460,965

Other Commonwealth funding

144,128

151,318

Co-operative Research Centres

233,099

223,405

Industry & Government corporations

295,777

409,534

Overseas organisations

31,680

39,979

Other non CWWT UNSW funds

11,258

61,603

Consulting

313,942

37,954

Workshop

16,595

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

Income earned and accrued from the above:

Total Income earned and accrued:

1,590,299

1,384,758

Expenditure:
Direct project expenses:
Payroll

735,507

569,800

5,570

11,401

Scholarship payments

195,210

164,143

Non-person expenditure

470,916

445,791

1,407,204

1,191,135

Additional staff termination and leave preservation

Total project expenses
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Administration and Overhead Expenses:
Payroll Administration Staff less direct project input

112,655

104,990

Payroll Project Staff not covered by project income

0

76,819

Additional staff termination and leave preservation

2,500

3,185

Scholarship contribution

3,025

11,512

Equipment and equipment maintenance

8,856

14,753

28,661

37,512

2,118

5,640

19,914

0

177,729

254,411

1,584,932

1,445,546

5,367

(60,788)

Operating Surplus (Deficit) bfwd from previous
year

(130,577)

(69,789)

ACCUMULATED OPERATING SURPLUS
(DEFICIT)

(125,210)

(130,577)

Other Material expenses
Travel
Bad debt
Total Administration Expenses

Total Operating Expenses
Operating Result

Research income yet to earn:
Cash Balance of funds received at end 2005

422,800

Termination preserved

(92,650)

Unpaid invoice considered a bad debt

(19,914)

Operating deficit

125,210

Work in progress from funds received

435,226

9.2 Comment on 2005 income and expenditure
The CWWT receives project income from a wide variety of sources and dependent upon the grant
body providing the research funds and as such the funds are granted in 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.
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.
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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.
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 project funded post-graduate students.
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
undertake 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. But 2005 saw the area performing well with significant research project and consulting income
All expenses were covered directly from projects.
The income accrued/earned by research projects and other activities during 2005 amounted to
$1,590,299. The accrued project income for 2005 was 19.7% lower than the income budgeted at the
beginning of 2005 of $1,979,986. The lower than expected result was due to later than expected
commencement of a number of research projects. Project expenditure of $1,407,204 was also lower
by 21.2% than the projected budget expenditure of $1,785,007. Overhead / administration expenditure
of $177,729 was 2% higher than the budgeted $174,833. The CWWT recorded an operating profit of
$5,367 for 2005 from the earned income, with the accrued operating deficit of $125,210 to be carried
forward to 2006. For the past 4 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 costed and preserved for 2005 was $8,070 bringing the total expensed and preserved for
termination at the end of 2005 to $92,650.
The UNSW financial system recorded a budget balance of $646,323 from established projects for the
CWWT at the end of 2005, and an unadjusted cash balance of $422,800. Together with the new
project approvals already received for 2006 the continued earning capacity of the Centre is assured.
During 2005, the CWWT employed 9 research staff, 2 part time administration staff and a number of
short term casual staff. Through its projects the CWWT supported 20 post graduate research
students. The CWWT works with 4 School of Civil and Environmental Engineering academic staff
members. Support was also given to 6 practicum students from Germany, Netherlands, Sweden and
France.
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. Professor Ashbolt was appointed Head of the School of
Civil and Environmental Engineering late in 2005. 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.
Richard Collins (BSc(Hons), PhD 2002, UAdelaide): During the last number of years Richard has
developed skills and interests in the environmental fate, speciation and bioavailability of trace
elements in aquatic and soil systems. His particular areas of specialization include the application and
development of novel isotope exchange techniques to determine the fate, speciation and potential
bioavailability of trace elements in soils, the development of HPLC methodology for quantifying
aqueous trace element speciation, including elucidation of the thermodynamic and kinetic constraints
of these techniques and the utilization of other various analytical techniques to determine the chemical
speciation of trace elements in the aqueous and solid phase.
Richard joined the Centre for Water and Waste Technology in May 2005 after spending three years at
the French Atomic Energy Commission as a Research Engineer. Currently he is working with
Professor David Waite and two PhD candidates (Adele Jones and Jamal Nejem), from the School of
Civil and Environmental Engineering, on an ARC funded linkage project that aims to characterize and
model the physical and chemical properties controlling the transport of Al and Fe from acid sulfate
soils to coastal waters in northeastern NSW.
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.
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
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member of the Australian Water Association, International Water Association, American Chemical
Society, and the International Society of Toxinocology. Andrew has left the CWWT following the
awarding of an Humboldt post doctoral fellowship at Carlsruhe University.
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 ZeroValent 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.
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
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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.
Richard Stuetz (PhD, UNSW). joined the Centre in October 2003 from the School of Water Science,
Cranfield University, UK. Richard’s teaching and research activities are in water and wastewater
treatment and environmental biotechnology. He leads the Environmental Emissions and Odours
program and took over as Deputy Director of the CWWT late in 2005.
His areas of research include: on-line instrumentation for monitoring water and wastewater quality,
biological monitoring for process control, biotreatment of odours and volatile emissions (VOCs),
bioprocesses for wastewater treatment and degradation of micropollutants.
He has over 100 referred journals and conference publications in water and wastewater and is a
member of the editorial board for the IWA Journal Water Science and Technology.
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.
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