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CRC CARE is a partnership of organisations dedicated to 
developing new ways of dealing with and preventing contamination 
of soil, water and air including solid and liquid waste management.

Our aim is to focus Australia’s foremost expertise and resources on this 
issue and to develop close links with research partners at the cutting edge 
in this field around the world.

Our goals
■  SolutionS foR induStRy

To develop cost-effective and commercially sustainable solutions and technologies 

within regulatory and policy frameworks for the identification and remediation of 

contamination problems of key importance to Australia and the Asia-Pacific region

■  HigH quAlity RESEARCH 

To deliver research quality that positions CRC CARE as a national centre of 

excellence with international standing and reputation, ensuring our outcomes 

are recognised and utilised globally

■  dEvElop tHE buSinESS

To lead the development of a new export industry in environmental 

risk assessment and remediation through the delivery of solutions 

and technologies, and support their implementation with training 

programs that develop and improve the environmental 

management skills of the industry’s labour force

■  dElivER publiC bEnEfitS

To ensure the effective adoption of our solutions and 

technologies, leading to health, environmental and economic 

benefits to the Australian public through reduced exposure 

to toxic contaminants and improved amenity of our cities 

as a result of cost-effective remediation/management of 

urban land

■  CApACity building

Through university and short-term training, 

educate a generation of researchers and 

practitioners highly skilled at solving and 

preventing the problems of contamination, 

solid and liquid waste management and create 

employment opportunities in the industry for 

these specialists.

Front cover image of UniSA PhD student Jason Du: courtesy of Jo-Anna Robinson/The Advertiser.
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Executive summary 
CHAIRMAN’S REPORT

 
As Chairman of CRC CARE it 
has been particularly pleasing 
to observe the steady increase 
in new patents, scientific 
advances, fruitful industry 
partnerships and technical 
advice which is helping to 
reshape national remediation 
policies, standards and 
practices, notwithstanding 
difficult economic 
circumstances. In so doing 
we are confident the Centre is 
contributing materially to a more 
sustainable, prosperous and 
safer Australia.

The early years of a CRC are always difficult, as research 
programs get under way – some to succeed, others to fail – as 
research partnerships bed down and as people from many 
contrasting and sometimes competing organisations learn to 
work harmoniously together. It is now, in the fifth year of CRC 
CARE, that we can begin to assess the full measure of the 
contribution to national wellbeing which collaborative science 
can deliver. I can say without hesitation that the Board is 
impressed with the results now being achieved, and considers 
that they augur well for the future. Our National Contaminated 
Sites Demonstration Program is a clear leader in innovation in 
research and development, substantially reducing the cycle time 
from laboratory to practical field/product testing.

Last year the Third Year Review commended the CRC and 
strongly suggested it seek an extension for a further eight years 
from 2012, to ensure that it delivers on the promise of all its 
achievements to date. The Board concurs with this assessment 
and has supported the Managing Director, Professor Ravi Naidu 
in consulting even more widely among our key partners and end 
users to identify research and commercial opportunities that 
will have the greatest impact. We are confident that we have 
opened up scope for both stronger and new partnerships with 
fresh research directions.

One area in which the CRC is establishing an especially 
impressive record is its influence in international contamination 
and remediation science, whether through an expanding 
range of direct collaborations with countries such as China, 
Germany, the US, UK and India, or through its biennial CleanUp 
conferences which have become an important fixture on the 
global science calendar and are emblematic of Australian 
intellectual leadership in the field.

The Board has had an active year with special appreciation due 
to Professor Max Brennan, Dr Paul Vogel and Mark Hender 
for leading key committees. Board membership was stable 
and Dr Peter Nadebaum from GHD was appointed to fill a 
casual vacancy from November 2009; his position will require 
confirmation in a directors’ ballot at the forthcoming annual 
general meeting. 

On behalf of the Board I can report that the CRC is operating 
within its budget and is compliant with our commitments to 
the Commonwealth, and having instituted new governance 
arrangements during the year in liaison with the sponsoring 
Department (DIISR), we consider the resulting changes and 
current arrangements to be working effectively.
   
The Board therefore wishes to express special appreciation to 
Managing Director Professor Ravi Naidu and his dynamic and 
very committed team of scientists, managers, partners and staff 
for all their achievements to date and to wish them well for the 
challenging work that lies ahead in a world where contamination 
still grows by the year. Professor Naidu’s unstinting leadership 
and extraordinary workload demonstrates a unique strength of 
character and is all the more meritorious as it occurred during a 
year of family tragedy.   

Paul J. Perkins, AM
Chairman, CRC CARE Board
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Executive summary

MANAgINg DIRECTOR’S REPORT 
In our fifth year 
of operations I 
am pleased to 
report substantial 
advances and a 
number of ‘firsts’ 
by CRC CARE 
towards a cleaner, 
safer Australia, 
as a result of the 
solid investment 
in quality science 
and close partner 
collaboration in our 
earlier years. These 

are exemplified in our development of national 
health and environmental standards for petroleum-
contaminated sites, and a wide range of new 
patents, technological advances, methodologies 
and tools which are now in the process of being 
taken up by industry and government. 

An important focus for CRC CARE management 
during 2009-10 has been the development of 
a proposal for the extension of the CRC, as 
recommended by our Third Year Review. Wide 
consultation with end users in industry and 
government has yielded outstanding support 
from all our major partners and has also 
attracted new participants. The consultation has 
identified a number of exciting new research, 
commercialisation and adoption opportunities.

1. MAIN ACHIEvEMENTS AND ACTIvITIES

■ A highlight was a coveted DIISR STAR Award 
for MatCARETM, our leading-edge treatment 
for cleaning up the highly toxic and persistent 
chemical residues left in the environment 
after the use of certain fire-fighting foams 
which have been deployed worldwide over 
several decades. The project was initiated by 
the Department of Defence and carried out 
with great success by Dr Venkata Kambala 
in partnership with Soil and Groundwater 
Consulting Pty Ltd. It has led to the granting of 
a new patent.

■ CRC CARE has identified and published the 
health screening levels needed for investigating, 
managing and cleaning up petroleum 
hydrocarbon pollution, one of the commonest 
forms of contamination in Australia. This work 

was carried out for the National Environment 
Protection Council (NEPC) and will form part of 
the revised Assessment of Site Contamination 
National Environment Protection Measure 
(NEPM). It means that for the first time Australia 
can assess the risk from sites, where there was 
previously no reliable method.

■ A second patent was granted for a novel 
nanomaterial to be used in remediating water 
contaminated with industrial dyes, a common 
problem worldwide.

■ Further patents have been sought or are 
pending on CRC CARE products which 
are subject to commercial-in-confidence 
agreements.

■ The CRC has made significant advances in the 
field of contaminated groundwater remediation 
with the design of a multi-layer permeable 
reactive barrier system that can be tailored 
to remove a range of pollutants including 
heavy metals and toxic organics. This has 
particular application in preventing polluted 
water from landfills and other sites reaching the 
environment.

■ We have produced a new tool for industry 
and regulators which enables them to rank 
contaminated sites to assist in prioritising 
clean-up measures.

■ We have produced a new guidance document 
for use by industry and regulators on 
contaminated site characterisation and drafted 
another on monitored natural attenuation.

■ In collaboration with our UK partners, we have 
produced a handbook on risk communication 
for remediation managers.

■ We have produced the first complete national 
summaries of Australian law and policy as 
they relate to contaminated sites. These 
summaries provide the reader with a clear 
understanding of the legislation, guidelines, 
other documentation and government 
policies that underlie the approaches taken in 
Australian jurisdictions in addressing the issue 
of contaminated site management.

■ In what may be a world first, we successfully 
demonstrated the remediation of soil 
contaminated with toxic fire-fighting foam 
chemicals in the field.

■ We have developed a novel suite of microbes 
for breaking down chlorinated hydrocarbons in 
groundwater under aerobic conditions – which 
often prove challenging.

3
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■ We have developed a risk assessment method for 
vegetables grown in home gardens on former industrially 
contaminated soils.

■ We have identified a suite of tolerant native grasses for use 
in the rehabilitation of old mine and mineral processing sites.

■ We have developed a novel strain of Giant Napier 
Grass using tissue culture which grows fast, cleans up 
hydrocarbon-contaminated soil and can then be used for 
clean energy production.

2. Notable eveNts 

In September 2009, CRC CARE was proud to host CleanUp 09 
which combined the 5th International Workshop on Chemical 
Bioavailability in the Environment and the 3rd International 
Contaminated Site Remediation Conference. The event brought 
together 500 leading scientists, industrialists and regulators from 
around Australia and the world – one of the largest gatherings of 
its kind – and was judged a great success. This conference has 
doubled in size since it was initially held in the mid 1990s; it now 
covers almost every major aspect of contamination affecting 
our planet and is recognised as one of the main international 
scientific forums in the field.

A highly successful conference with our China partners, 
Commun10, was held in Wuhan, China, in March 2010, where 
we reviewed progress in the four major collaborative research 
projects (see ‘Overseas developments’ below).

CRC CARE also conducted 20 workshops with end users 
during the year, with a view to developing a highly focused 
industry-oriented research agenda for the proposed extension 
to the CRC beyond 2012.

CRC CARE hosted CleanUp 09 in September 2009.

3. overseas developmeNts

Our international partnerships have continued to flourish and 
diversify. Among the highlights:

■ successful collaboration with our German partners in the 
field of groundwater remediation and permeable reactive 
barriers

■ productive collaboration with a US team on in situ chemical 
oxidation

■ continued collaboration with UK partners on risk 
communication as it applies to contaminated sites 
management

■ a study with our Bangladesh partners of the rate of adoption 
of measures designed to reduce poisoning from arsenic in 
groundwater.

It is pleasing to report our China program has made solid 
progress in its environmental remediation research projects over 
the past year – primarily red mud remediation, piggery waste 
remediation and phytoremediation of contaminated soils for 
biomass energy. The program was reviewed during the year by 
members of the CRC CARE Board who were impressed at the 
enthusiasm and firm progress now in evidence. Discussions 
took place around new areas of research to further strengthen 
collaboration between CRC CARE and its Chinese counterparts, 
such as the wider application of the technologies under 
development. 

As a member of Australian Environmental Technology Group 
cluster (AETG), CRC CARE also took part in activities organised 
by Austrade in China related to environmental remediation. 

4. NATIONAl SITES

Many of CRC CARE’s most significant achievements 
during 2009-10 took place under the aegis of our National 
Contaminated Sites Demonstration Program (NCSDP). Through 
six contaminated sites provided by industry and government, 
this program provides a ‘real-life’ testing ground for new 
procedures related to site management and clean-up, which 
can then be observed and taken up more widely by other 
companies and agencies. It is the ‘real world’ quality of this 
program, as much as the close collaboration between science, 
industry and government that is proving so effective.

Among the various outcomes from the program were the 
development of national health screening levels (HSLs) for 
petroleum hydrocarbon contaminated sites for the NEPM, the 
development of a new site ranking tool, and detailed advice for 
the remediation of soil and groundwater.

I wish to acknowledge the outstanding support which CRC 
CARE has received in this program from organisations such 
as Mobil Australia, the Department of Defence, the Australian 
Institute of Petroleum and BHP Billiton Iron Ore.

Another ‘first’ for the NCSDP program was the successful 
demonstration of the world’s largest remediation project for 
acid-contaminated wetlands, at East Trinity, near Cairns, 
where the application of lime combined with tidal action has 
achieved ecosystem recovery over large parts of a 700ha site 
contaminated by the previous drainage of acid sulfate soils.



A
N

N
U

A
L

 
R

E
P

O
R

T
 |

0
9

–
1

0
A

N
N

U
A

L
 

R
E

P
O

R
T

|
0

9
–

1
0

5Executive summary

5. INDuSTRy lINkS

During the year our industry interface, the 
Australian Remediation Industry Cluster (ARIC) 
launched its new website Remediation Australasia 
and produced two issues of an online magazine 
highlighting clean-up issues and advances, 
reaching more than 2000 readers in industry and 
government. An online library has been established 
to assist industry in finding the latest remediation 
solutions quickly. ARIC has also hosted industry 
training workshops and master classes and 
is emerging as a key connection between the 
CRC and the wider industry and non-partner 
organisations.

A new CRC CARE industry initiative is the 
establishment of an Australian node of SuRF, 
the Sustainable Remediation Forum, a global 
collaborative forum of industry, regulatory, 
academic and consultants designed to promote 
the use of sustainable practices in Australia and 
elsewhere, in terms of environmental, economic 
and social indicators, during the clean-up and 
redevelopment of contaminated land. Its first major 
output was a draft framework to help assessors to 
take account of relevant sustainable development 
criteria in selecting the optimum land use design, 
determining remedial objectives for contaminated 
land and groundwater, and in selecting the best 
remediation strategies.

Throughout the year CRC CARE continued to run 
well attended industry workshops and training 
courses in technical aspects of contamination 
management and remediation. See ‘Education and 
training’ below.

6. RISkS, OPPORTuNITIES AND 
RESPONSES

As CRCs are time bound, an ongoing risk is 
that key researchers and staff, aware that the 
centre is due to sunset or else faces uncertainty 
over renewal, may leave prematurely, just when 
their experience is most needed to deliver final 
outcomes. This is potentially an issue for all CRCs. 
At present it is being managed by intensively 
searching for people with the skills to take over 
well developed projects and programs for short 
periods, but this poses difficulties of its own and 
thought should be given by CRCA and DIISR about 
ways to handle this issue in future which will enable 
CRCs to be seen as a more reliable employer. One 
possibility is a national CRC Skills Exchange, in 

which staff from closing CRCs can be matched 
with vacancies in new or existing CRCs, so that 
their experience and skills from working in the 
cooperative structure not be lost each time a CRC 
closes. This would help new CRCs to establish 
more quickly, provide a pool of experienced staff for 
mature CRCs and create a more coherent career 
path in the CRC movement for valuable employees.

Secondly, it is almost inevitable in science 
that particular milestones set early on may be 
delayed or derailed by unanticipated scientific or 
commercial challenges that take time to solve, 
and that full commercialisation is rarely achieved 
in the first phase of a CRC. In CRC CARE we see 
several such challenges which are likely to delay 
full commercialisation of particular technologies, 
and we are addressing this by applying increased 
staff and resources or else cutting back to 
better resource more prospective outcomes, as 
appropriate.

7. IMPEDIMENTS TO ACHIEvEMENT Of 
THE CRC’S ObjECTIvES

There are ongoing impediments to the adoption 
of nationally uniform clean-up standards based on 
the latest and best science, as it is not always easy 
to persuade a wide range of different regulatory 
agencies, jurisdictions and professional bodies to 
adopt new ways quickly. However I am pleased 
to report that in the past year a series of face-to-
face consultations with state EPAs in particular 
has resulted in a progressive and collaborative 
atmosphere which promises to position 
Australia towards the front in world standards of 
environmental care and regulation.  

8. OTHER CRC HIgHlIgHTS

The CRC recognises exceptional contributions 
made to its research program by individuals 
employed elsewhere by inviting them to become 
CRC CARE Research Fellows. In 2009-10, Mr 
Terry Weston from the Department of Defence, and 
Professor Suresh Rao of Purdue University, USA 
both accepted this recognition from the CRC.

Program 1 Leader Professor Jack Ng was invited 
speaker at five international conferences during 
the year. He was WHO Advisor for the 72nd WHO/
FAO JECFA meeting, Rome, 2010 and has been 
appointed Congress Chair for the 4th International 
Arsenic Congress.
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Dr Bithin Dutta has been invited by the Queensland Government 
Mines and Energy, Department of Employment, Economic 
Development and Innovation to be on the Expert Panel for 
rehabilitation of the abandoned Mount Oxide mine site at 
Mount Isa in Queensland.

Professor Megharaj Mallavarapu was an invited member of 
the Scientific Advisory Committee for BioMicroWorld2009 
Conference, December 2009.

Dr Kandsamy Thangavadivel was a finalist for the CRCA 
‘Showcasing Early Career Scientists’ award for his PhD project 
‘Development and application of ultrasound technology for 
treatment of organic pollutants’.

Keynote papers were delivered by Professors Ng, Mallavarapu, 
and Bolan, and Associate Professor Lombi at five international 
conferences. Professor Naidu served as associate editor on five 
scientific journals, Professor Bolan on four, Associate Professor 
Lombi on two and Professor Mallavarapu on one. In addition, 
CRC staff served extensively on international and Australian 
scientific advisory committees and review panels.

Terry Weston, Department of Defence, was presented as a CRC CARE 
Research Fellow at CleanUp 09 (pictured here with the Department of 
Defence team attending the Conference).

9. EDuCATION AND TRAININg

CRC CARE is currently training more than 50 PhD students in 
Australia, plus eight PhDs and six Master students in China. 
During the year the CRC was pleased to see seven PhD 
completions, along with eight Honours students graduating.

As part of the 3rd International Contaminated Site Remediation 
Conference, seven training workshops were attended by more 
than 170 delegates to listen to the latest information on topics 
that included asbestos in soil, risk communication, sediment 
sampling and risk assessment, vapour intrusion threats and 
others.

We also held two well attended workshops to communicate 
our new guide to engaging the community in resolving issues of 
contaminated land, in Melbourne and Sydney.
 

More than 50 delegates attended a workshop on Incorporating 
Bioavailability in Human Health Risk Assessment in Melbourne 
in June.

10.  CONSulTANCIES

CRC CARE acted as consultant to the Department of Defence 
in developing its remedial action plan for a contaminated site.

We also developed a report on bioavailability for inclusion in the 
revised NEPM which will help underpin new national thinking in 
environmental protection measures.

11.  STAff CHANgES

The typical seven-year term of CRCs brings with it an element 
of uncertainty for staff who understandably begin to look for 
positions elsewhere as the possibility of their CRC winding up 
draws near. CRC CARE was unfortunate in 2009-10 to lose 
its General Manager Maggie Dowling, Business Manager Nick 
Mahon, and Industry Collaboration Manager Leigh Walters. All 
three had done excellent work in their roles, and I would like to 
record my gratitude for their efforts over several years. All three 
made a really significant difference to the CRC and have left 
valuable legacies in terms of strong processes and systems in 
place for others to build on.

In March 2010 Dr Mike Williams was appointed Acting General 
Manager, and Andrew Beveridge’s role had been developed to 
include the coordination of ARIC as well as training. 

12. CONCluSION

At the end of our fifth year I am delighted to report substantial 
progress and significant achievement at CRC CARE in all 
areas – scientific, commercial, educational and outreach. We 
have been especially fortunate to have the continuing support 
of committed partners in challenging work that often requires 
their patience as our researchers chart a new course through 
particular scientific issues and situations. 

Finally I would like to take this opportunity to pay tribute to and 
warmly thank our loyal, enthusiastic and highly skilled team who 
are working together to make Australia a cleaner, safer and 
healthier country. 

Professor Ravi Naidu
Managing Director
July 2010 
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7Section Heading

CONTExT AND MAjOR 
DEvElOPMENTS DuRINg 
THE yEAR

THE CRC’S INDuSTRy CONTExT

CRC CARE’s industry base is a community of 
companies, consultants and public agencies 
involved in technical aspects of site and 
environmental assessment, remediation, treatment 
and monitoring, and assisting policy development 
on public health standards, environmental condition 
and government regulations. The CRC has made 
major progress towards achieving its technical 
and commercial milestones, with several potential 
commercial products and processes moving closer 
to realisation. It has a strong IP platform, with five 
patents currently being maintained, many research 
publications and more than 50 PhD students either 
graduated or close to graduation. This progress 
is despite the continuing unsettled local and 
international financial climate which was unforeseen 
when the CRC began.

In 2009-10 the CRC’s extensive engagement with 
its stakeholder base continued to grow. Although 
early partners Exnox and Ag Vic wound up their 
engagement with the CRC, they have been 
replaced by major new partners BHP Billiton Iron 
Ore Pty Ltd and Chevron Australia. The result is a 
strong continuing demand from industry and public 
sector partners for research and training services, 
particularly in the mining and petrochemicals 
sectors. 

The CRC’s engagement in the area of legal 
and social issues and related policy has also 
received supportive feedback from consultants 
and government, and new products in the form 
of websites and handbooks have already been 
generated and made publicly available.

The CRC’s commitment to industry networking 
continued in 2009-10 with the further development 
of its Australian Remediation Industry Cluster 
(ARIC). Major developments were the creation of 
a new website and the launch of the Remediation 
Australasia e-magazine for ARIC members. For 
details see the ‘ARIC and Industry Training’ section 
in this report, and http://www.crccare.com/
working_with_industry/aric/index.html for ARIC 
membership details.

A bRIEf OuTlINE Of THE vAluE Of 
OuTCOMES TO DATE AS COMPARED TO 
ExPECTATIONS 

Last year the CRC reported on the economic 
impact assessment conducted by RMDSTEM 
Pty Ltd (previously supplied to DIISR in full) which 
estimated the value of its research outcomes to 
date. The estimated ‘Future Opportunity’ of CRC 
CARE’s output, which considered only four projects 
out of a total of 56, was $248 million per annum. 
That assessment augurs well for a total value return 
that will reach the initial bid expectation of between 
$500 and $1800 million per annum. 

In 2009 in response to the recommendations of 
the Third Year Review independent panel, the CRC 
advised DIISR that a more thorough economic 
impact assessment would be carried out, enabling 
the CRC to provide a more comprehensive value 
forecast based on current activities and research 
outcomes. In 2010 the CRC thus commissioned 
Capital Technic Group Pty Ltd to carry out a 
commercial assessment of its IP portfolio. 

The review identified several opportunities to 
develop commercially viable products and 
processes, such as sorbent modified clays 
(including MatCARETM), rapid in-field analytical 
tests for trace contaminants in soil, air and water, 
and novel nanomaterials including photocatalysts 
capable of removing potentially hazardous materials 
from the environment. In particular, the MatCARETM 
sorbent material has been extensively tested 
at Defence sites to remove AFFF residues from 
contaminated soil and groundwater. The results 
are highly encouraging, and further remediation 
treatments in development could find use in the 
treatment of BTEX (benzene, toluene, ethylbenzene 
and xylenes) and chlorinated solvents.

It is becoming evident that certain technologies 
developed by the CRC research partnerships will 
have reached proof-of-concept stage by the end 
of the CRC’s first term, and therefore contingency 
plans may need to be in place to transfer these 
technologies into an extension of the CRC, or into 
some alternative funding model if the CRC does 
not continue.

Overall the CRC continues to make good progress, 
with approximately 80% of its final milestone 
targets now achieved. It does not anticipate 
any impediments to achieving the outcomes as 
set out in the Deed of Variation agreed with the 
Commonwealth in 2009. The CRC’s strategy 
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to maximise the value of its outcomes in its remaining years will involve regular reviews of research quality and effective, efficient 
delivery of applied research results to industry and other stakeholders. 

CRC CARE’s goals and outcomes are summarised in the following table. A non-monetary assessment of progress to date is 
presented.

CRC CARE’s progress against planned outcomes and goal

Goal Planned outcomes (CRC 
began July 2005)

Progress (at June 2010) against 
planned outcomes

a)  Assessing
     contamination risks
     in land, groundwater
     and air

1)  Reliable and acceptable
     techniques and technologies    
     to quantify the risk  
     associated with  
     contamination in soil, 
     groundwater, surface water  
     and air

Stakeholder training held in the use of 
the CRC’s assay kit for assessment of 
perfluoro chemical contamination via  
fire-fighting foam.

New chemical sensors and software for 
the detection of inorganic contaminants 
in complex environmental matrices.

New publications and guidances for 
managing pollution by hydrocarbons.

Research completed on analytical 
methods to measure organometallic 
contaminants on air-borne particles 
from alumina refineries.

Coupling of new sensor technology 
with original software to minimise signal 
interference. 

Agilent Technologies Environmental 
Award for cutting edge analytical 
method development work for 
contaminants.

Original use of biomarkers in the human 
body to indicate the presence of 
contaminants.

b)  Managing and/or
     remediating     
     contamination

2)  Cost-effective and 
     sustainable solutions and 
     technologies for
     contamination problems of 
     key importance to Australia 
     and the Asia-Pacific region

The CRC was joint winner of DIISR’s 
2010 STAR Award for work on a 
perfluoro chemical-absorbing material 
for use in site clean-up.

A guidance document has been 
developed to manage sites 
contaminated by light non-aqueous 
phase liquids (LNAPLs), such as 
gasoline and diesel.

A technique developed and 
demonstrated for the remediation of 
acid sulfate soils, and featured in the 
national media.

New types of nanocatalysts prepared 
in the laboratory able to break down 
volatile organic contaminants.

New types of bacteria identified for 
remediation of toxic arsenic- and 
chromium-contaminated soils 
and chlorinated hydrocarbons in 
contaminated groundwater.
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Executive summary

Goal Planned outcomes (CRC 
began July 2005)

Progress (at June 2010) against 
planned outcomes

c)  Developing safe  
     options for land use 
     and the reuse of   
     wastes on land

3)  Technologies for preventing  
     land and water  
     contamination

The CRC is delivering new economic 
options for waste management. 
Initial results are showing that both 
inorganic and organic wastes can 
be used effectively to remove metals 
from wastewaters. This opens new 
possibilities for the reuse of wastes 
on land. Some of the large and 
problematic waste streams involved, 
and for which uses are being found, 
are mineral slags, red mud from bauxite 
processing, and fly ash.

A guidance document has been 
prepared that outlines principles 
for the selection of plants (including 
grasses) for use in the revegetation 
and stabilisation of metal-contaminated 
land, and which will have particular 
value for land rehabilitation in the mining 
industry.

New research began in 2010 aimed at 
enhancing the suitability and safety of 
using biosolids from sewage and other 
waste treatment as a source of fertiliser 
for agriculture.

d)  Developing solutions
     that are acceptable  
     to regulatory 
     agencies and the 
     public

4)   Adoption of evidence-
      based solutions by 
      regulatory agencies, with a   
      high level of public  
      acceptance and confidence 
      in these solutions and 
     improved public health and   
      safety

The CRC is a major contributor to the 
NEPM review processes. In 2010 the 
CRC responded to feedback from 
the NEPC and conducted further 
development of its work on health 
screening levels (Technical Report 10). 

During 2009-10 the CRC’s work on 
field assessment of vapour intrusion 
(Technical Report 13) and on 
bioavailability (Technical Report 14) was 
also submitted to NEPC. Guidance on 
bioavailability was published for industry 
users on the CRC’s website (as Part 2 
of Technical Report 14). 

A handbook for consultants on 
engaging the public in decision making 
on contaminated sites was published, 
and associated user workshops held.

Technical advances continued in 2009-
10 in the design and construction of 
multi-layer permeable reactive barriers 
that can be tailored to remove a range 
of underground contaminants.
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Goal Planned outcomes (CRC 
began July 2005)

Progress (at June 2010) against 
planned outcomes

e)   Capacity building 5)   Capacity building and 
      enhanced skill base within 
      Australia

Through a program of over 50 PhD 
students in Australia, a back-to-back 
workshop and conference in 2009 
with 600 attendees (CleanUp 09), and 
with almost 1600 professionals having 
attended CRC CARE training events 
so far, the CRC is making a major 
contribution to scientific and technical 
skill building in its field. 

The CRC’s Australian Remediation 
Industry Cluster (ARIC) is gaining 
momentum and membership as a new 
national association and mechanism 
for the exchange of technical ideas, 
information and solutions. A new 
website for ARIC and a new industry 
e-newsletter was delivered in 2009-10.

The CRC has also produced the 
first complete collation of Australian 
regulations on contaminated sites, and 
extended it to include other jurisdictions 
in the Asian-Pacific region, North 
America and Europe. With strong 
user support, this website significantly 
enhances the ability of practitioners 
to analyse and adapt international 
best practice in the development and 
management of regulations.
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Executive summary

ACTIONS uNDERTAkEN IN RElATION TO INTERNAl AND/OR ExTERNAl REvIEwS

As a 2004-selection round CRC commencing 1 July 2005, CRC CARE underwent a formal Third Year 
Review in January 2009. 

The following table sets out the recommendations of the Review, and the actions undertaken by the CRC 
in response. Considerable progress has been made in the last 12-18 months.

Response to the Third Year Review

Recommendation Implemented 

(Y or N)

Reasons 
why not 
implemented

Strategies to implement

1.  It is imperative to ensure that      
     CEO is adequately supported 
     and encouraged to delegate  
     (Section 5.3).

Y (a) A General Manager 
supports the CEO by 
overseeing day to day 
running of the CRC.

(b) Three demonstration 
coordinators have been 
appointed to assist 
the CEO coordinate 
and manage its major 
demonstration projects. 

A full time coordinator has 
also been appointed to 
manage the operations of the 
ARIC, and a China Program 
Coordinator appointed to 
build the CRC’s projects and 
links in China.

2.  While internally change-  
     management processes and   
     flow between the CEO, 
     Board and Program Directors  
     was effective there was room 
     for improvement in external 
     processes mainly with DIISR. 
     The CRC needs to be “bolder”  
     in its dialogue to ensure that 
     changes, where warranted, are 
     effected rapidly and not caught 
     up in a lengthy and iterative 
     bureaucratic process (S5.3).

Y The CRC noted the 
recommendation that 
it pursue process with 
DIISR more robustly. 
DIISR representatives 
have attended CRC CARE 
Board meetings and CRC 
events. At an operational 
level the General Manager 
and Finance Manager are 
in regular consultation with 
the DIISR Policy Officer 
concerning reporting. Direct 
approaches and consultation 
have replaced bureaucracy.

3.  While the optimisation of    
     management from a variety of  
     sources was considered a 
     clear strength, a protocol 
     to review unnecessary   
     bureaucracy and “cut red 
     tape” was considered to be 
     warranted, to kill off redundant 
     procedures and unnecessary 
     levels of review (S5.3).

Y - ongoing More direct communications 
between CRC administration 
and Program Project Leaders 
have replaced bureaucracy. 
We remain vigilant on the 
issues raised in the Third Year 
Review.
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Recommendation Implemented 

(Y or N)

Reasons 
why not 
implemented

Strategies to implement

4.  The Panel recommends that 
     a clear protocol be developed 
     to ensure both technical and 
     administrative collaborations 
     are achieved between CRC 
     CARE and other CRCs, 
     such as through co-authoring 
     of technical papers, and 
     perhaps through the 
     attendance of key CRC staff at 
     other CRC Management 
     meetings (S5.4).

Y - ongoing The General Manager 
will attend the next CRC 
Association Conference and 
Business Managers meetings 
where issues and operational 
processes are discussed and 
solutions shared.

The CRC will continue to seek 
collaborative opportunities 
with other CRCs where 
mutual benefits can be 
identified.

5.  It is understood CRC CARE 
     is planning to complete  
     a further economic impact 
     assessment in the near future, 
     to supplement the RMDSTEM 
     qualitative report. It is further 
     understood that the CRC is 
     planning to utilise the DIISR’s 
     new CRC financial assessment 
     tools and the Panel firmly 
     supports this supplementary 
     third-party fiscal assessment 
     (S5.5.7).

Y A detailed economic 
assessment of CRC CARE 
activities has been performed 
by external consultants as 
part of preparations for the 
CRC CARE rebid. The results 
have been reported to DIISR.

6.  The Panel believes that 
     Program Leaders should 
     be provided with guidance 
     and training in terms of the 
     ability to provide defensible 
     variation requests to the CRC 
     Management for subsequent 
     consideration, if warranted, by 
     the Commonwealth (S5.5.7).

Y The CRC Research and 
Technology Committee, 
the Commercialisation 
Committee, and the 
Managing Director provide 
advice and coaching to 
Program Leaders in ways 
that assist their capacity to 
prepare and defend formal 
exchanges with management. 
Those staff with English 
as a second language are 
especially encouraged to 
attend conferences and to 
develop a wide scientific 
network, knowing that this will 
help extend their confidence 
and facility in English as well 
as extend their research. 
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Recommendation Implemented 

(Y or N)

Reasons 
why not 
implemented

Strategies to implement

7.  The Panel recommends that a 
     more detailed quantitative 
     study be carried out each 
     year or so and to follow the 
     CRCA model with a much 
     greater sample, risk   
     adjustment and attribution  
     (S5.5.7).

Y - ongoing The CRC accepts the 
recommendation and will 
utilise the PerspectiveTM 
software and the CRCA 
model to carry out a more 
detailed impact assessment 
study annually.

8.  The Panel recommends that 
     the CRC CARE Board 
     undertake a specific 
     succession planning event 
     for all of the CRC’s resources, 
     with special emphasis on the 
     succession plan for the CEO 
     (S5.5.7).

Y The Board has implemented 
a succession plan covering 
the roles of CEO, General 
Manager and Program 
Leaders.

9.  A more detailed metric of the 
     scientific performance of CRC 
     CARE is warranted to enable 
     a more objective measure of 
     this performance (S5.9).

Y Progress made in 2009-10 
by the Australian Research 
Council on its ERA system 
has enabled the CRC to 
determine the ranking of 
many more of the journals 
in which it seeks to publish 
research papers. This has 
enabled improved quality 
assessment in regard to the 
international reputation of the 
CRC’s published output.

10. CRC CARE’s demonstration 
     projects were recommended  
     by industry and key CRC 
     CARE Stakeholders to be 
     supported and continued 
     (S6.6).

Y - ongoing The CRC continues to actively 
promote its demonstration 
partnerships and project 
portfolio with BHP Billiton 
Iron Ore, Department of 
Defence, Australian Institute 
of Petroleum, ExxonMobil, 
Chevron and others.
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National Research Priorities
Australia’s national research priorities were announced by the 
Prime Minister in late 2002. These priorities provide a vision of 
where research can contribute to Australia’s future prosperity 
and well being, and help to align the national research effort 
in key areas. CRC CARE research and goals address each of 
the National Research Priorities. They are mapped against the 
priorities in the table on page 15.

NATIONAl RESEARCH PRIORITy 
gOAl HIgHlIgHTS

1. AN ENvIRONMENTAlly SuSTAINAblE 
AuSTRAlIA

CRC CARE develops new, cost-effective and safe ways 
to detect, assess and remediate contamination of urban, 
rural or industrial sites, enabling the sustainable use of land 
(particularly otherwise high value urban land). It will contribute 
to the protection of water quality and safety and the natural 
environment.

CRC CARE has initiated, through funded research projects and 
its National Contaminated Sites Demonstration Program, new 
and safe ways to detect and monitor chemicals at contaminated 
sites. The CRC has initiated several projects that examine new 
methods of assessment and remediation of contaminated rural 
and urban sites.

2.  PROMOTINg AND MAINTAININg gOOD HEAlTH

The outcomes from CRC CARE help reduce the toxicity burden 
for Australians caused by chronic exposure to contaminants in 
soil, water, dust and through the food chain. This will indirectly 
assist in minimising genetic diseases and cancers that have 
been linked to such contaminants. 

CRC CARE is pioneering new technologies for the remediation 
of toxic substances in air, soil and water. The removal of 
toxic substances (for example via bioremediation) or their 
immobilisation to make them harmless, continue to be a focus 
of research for the CRC. CRC CARE research projects are 
focusing on the removal of toxic substances including petroleum 
hydrocarbons, chlorinated hydrocarbons, AFFF, asbestos and 
heavy metals such as arsenic (As), cadmium (Cd), chromium 

(CrVI), copper (Cu), lead (Pb) and mercury (Hg). Remediation 
technologies developed by CRC CARE and used to clean up 
the environment reduce human exposure to toxic substances.

3.  fRONTIER TECHNOlOgIES fOR buIlDINg AND 
TRANSfORMINg AuSTRAlIAN INDuSTRIES

CRC CARE pioneers advanced technologies, information use 
and methods for environmental risk assessment and clean-up. 
The market for remediation services and technologies is truly 
global and an advanced Australian industry will offer significant 
export opportunities.

The CRC is one of very few research organisations able to 
deliver a complete package for the assessment, prevention 
and remediation of contaminants in the environment. To 
this end it has initiated several projects that aim to deliver 
frontier technologies and real-time monitoring tools for site 
characterisation, risk assessment and remediation. Several 
projects have already developed suitable products that are now 
in the final stages of the provisional patent process. 

4.  SAfEguARDINg AuSTRAlIA

By developing sensor tools that have the capacity to detect ultra 
low levels of toxic material, the CRC helps protect Australia’s 
investment in infrastructure and the nation’s health by providing 
new ways for defence forces, the police, emergency and 
health services to protect the community against the deliberate 
or accidental release of biological, chemical or radioactive 
contaminants by terrorists or other hostile agents.

CRC CARE has initiated projects in partnership with the 
National Security Science & Technology Unit, Office of Prime 
Minister & Cabinet, and received partial funding under their 
Research Support for Counter-Terrorism Program. The project 
focus includes toxic plume dispersion; real-time detection 
and predictive modelling of chemicals, especially in the built 
environment; chemical dispersion within buildings; adaptation 
of current sensors to enable the real time detection of a range 
of toxic chemicals; and the integration of chemical/biochemical 
detection systems to enable the real-time identification of agents 
of concern.
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Section Heading

CRC CARE’s research focus on the National Research Priorities 

NATIONAL RESEARCH PRIORITIES CRC RESEARCH (%) 

AN ENVIRONMENTALLY SUSTAINABLE AUSTRALIA 
Transforming the way we use our land, water, mineral and energy resources through a better 
understanding of environmental systems and using new technologies 

Water – a critical resource 20 

Transforming existing industries 5 

Overcoming soil loss, salinity and acidity 5 

PROMOTING AND MAINTAINING GOOD HEALTH 
Promoting good health and preventing disease, particularly among young and older Australians 

A healthy start to life 5 

Preventive healthcare 5

FRONTIER TECHNOLOGIES FOR BUILDING AND TRANSFORMING AUSTRALIAN INDUSTRIES 
Stimulating the growth of world-class Australian industries using innovative technologies developed 
from cutting-edge research 

Breakthrough science 15

Frontier technologies 15

Advanced materials 10

Smart information use 5

Promoting an innovation culture and economy 5

SAFEGUARDING AUSTRALIA 
Safeguarding Australia from terrorism, crime, invasive diseases and pests, and securing our 
infrastructure, particularly with respect to our digital systems 

Critical infrastructure 5 

National Research Priorities
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Governance and management

CRC CARE Pty Ltd is an incorporated venture established 
on 13 September 2005 to carry out the activities of the 
Cooperative Research Centre for Contamination Assessment 
and Remediation of the Environment (the Centre). The Company 
is a limited liability entity with 12 shareholders. Voting and 
dividend rights are determined by the value of contributions by 
shareholders (Core Participants) in the Company in the relevant 
financial year. Voting rights and the payment of returns from 
the commercialisation of intellectual property for Supporting 
Participants of the Centre are provided for through the 
ownership of shares in projects.

CRC CARE Pty Ltd is governed by a shareholder-elected 
skills-based Board. The maximum number of Directors is ten, 
with the majority of members required to be independent of the 
research providers with a further and more specific requirement 
for the Chairperson to be independent of Participants (Core and 
Supporting) and the management of the Centre and Company.

The Chairperson is elected at each annual general meeting 
with the balance of Directors serving a term of two years. The 
Board met five times during 2009-10. Only one change was 
made to the Board in 2009-10,with the appointment of Dr Peter 
Nadebaum in November 2009.

Members of the CRC CARE Board during 2009-10 were:

■ Mr Paul Perkins AM
■ Professor Ravi Naidu, Managing Director
■ Emeritus Professor Max Brennan AO
■ Emeritus Professor Ian Davey, Independent Director 
■ Mr Mark Hender, Consultant
■ Dr Rod Lukatelich, Environment and Dangerous Goods 

Manager – BP Refinery Kwinana Pty Ltd
■ Dr Peter Nadebaum, GHD Pty Ltd
■ Ms Susie Smith, Principal Sustainability Adviser Santos
■ Dr Paul Vogel, Chair, WA EPA
■ Mr Charles Wong, HLM Asia Group Ltd.

THE CRC CARE bOARD

The role of the board is to:

■ govern and manage the activities of the Centre
■ set overall policy for the Company
■ set the strategic direction of the Company and ensure that 

the activity of the Centre is consistent with its mission
■ monitor the performance of the Managing Director
■ oversee technology transfers and commercialisation 

activities
■ review and approve an annual budget
■ approve major plans and research investments.

bOARD PROfIlES

Chairman
Mr Paul J Perkins AM, BBus, DipLGA, AMP (Harv.), FCPA, 
FAICD, Comp IEAust 

Independent chair of CRC CARE Pty Ltd since formation, Mr 
Perkins is also chairman of Kimbriki Environmental Enterprises 
Pty Ltd (local government waste management and recycling 
– NSW), foundation chairman of the Barton Group, a national 
CEO alliance sponsoring Environment Industry Development, 
visiting Professor at Hua Zhong Science & Technology University 
(PRC) and member of the Rosenberg International Water 
Policy Forum Board (University of California – Berkeley). He 
was an Adjunct Professor at the Australian National University 
from 2003-2009, and was independent Chairman of the Audit 
Committee of Land & Water Australia. He was CEO of ACTEW 
Corporation, a unique government-owned holding company 
which operates electricity, gas, water, sewerage and broadband 
telecommunications operations through ActewAGL, the first 
equity-based public-private partnership in multi-utility operations 
in Australia. 
 
Mr Perkins has held board positions in more than a dozen 
companies and numerous government and industry 
committees and taskforces. He was previously a member of the 
Australian Government’s Business Roundtable on Sustainable 
Development and Chairman of the National Environmental 
Education Council. He has served on National Task Forces 
on Environmental Competitiveness, Export, and Critical 
Infrastructure, was the long time Chairman of the Australian 
Science Festival and is presently adviser to governments on 
water, sustainability strategies and resource policy related 
matters. He is a past Chairman of both Environment Business 
Australia and the Australian Environmental Export Corporation 
Ltd.
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Managing Director
Professor Ravi Naidu BSc, MSc, PhD, FSSSA, 
FASA, FNZSSS, C Chem

Professor Naidu has researched environmental 
contaminants, bioavailability, and remediation 
for over 30 years. He has co-authored over 500 
technical publications and co-edited 10 books in 
the field of environmental science including field 
remediation of contaminated sites. Professor Naidu 
has worked with scientists from USA, Europe and 
Asia on environmental contamination including 
arsenic poisoning in Bangladesh, India and China. 
Before instigating CRC CARE, Professor Naidu 
was also the inaugural Director of the Centre for 
Environmental Risk Assessment and Remediation 
(CERAR). It was in this role that he conceived, 
developed and led the bid for the CRC that was 
successful in 2004.

Professor Naidu was awarded a Gold Medal in 
environmental science in 1998 by Tamil Nadu 
Agricultural University, elected to Fellow of the Soil 
Science Society of America in 2000, Fellow of the 
Soil Science Society of New Zealand in 2004 and 
also the Fellow of the Agronomy Society of America 
in 2006. He is the Chair of the Standards Australia 
Technical Committee on Sampling and Analyses 
of Contaminated Soils, Chair of the International 
Committee on Bioavailability and Risk Assessment, 
immediate past Chair of the International Union 
of Soil Sciences Commission for Soil Degradation 
Control, Remediation and Reclamation, immediate 
past President of the International Society on Trace 
Element Biogeochemistry and sitting member of 
the EPA Victoria Contaminated Sites Auditor panel 
and Chair of The Australian Remediation Industry 
Cluster.

Emeritus Professor Max Brennan, BSc (Hons), 
PhD, AO

Professor Brennan is an eminent scientist, 
graduating from the University of Sydney in 1954 
with a BSc (Hons) and a PhD in 1958. His research 
has focused predominantly on cosmic rays, nuclear 
physics and plasma physics. Spending several 
years at Flinders and Sydney as Deputy Vice- 
Chancellor, he has also served on international and 
national committees, including the International 
Fusion Research Council (1987-95), Australian 
Atomic Commission (Chairman, 1983-87) and the 
Australian Research Council (Chairman, 1991-97). 
Professor Brennan was a consultant on higher 
education and research for the World Bank (1994 
-2007) and the Inaugural Chief Scientist for South 
Australia (2005-07). He was made an Officer in the 
Order of Australia in 1985.

Emeritus Professor Ian Davey, BA (Hons), Dip. 
Ed., MA, PhD 

Emeritus Professor Davey retired from the 
University of South Australia in 2006, having served 
as Pro Vice Chancellor (Research & International) 
from 1994 to 2003 and Pro Vice Chancellor 
(Research & Innovation) from 2004 to 2006.  Prior 
to joining UniSA, he was the inaugural Dean of 
Graduate Studies at the University of Adelaide from 
1991 to 1994 and Chair of its Research Committee 
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from 1987 to 1990. His academic background is in social and 
demographic history with a particular interest in the impact of 
industrialisation on childhood experience.  He was President 
of the Australian & New Zealand History of Education Society 
in 1987, Chair of the Deputy & Pro Vice Chancellors Research 
Committee in 1997 and a member of the Commonwealth 
Government’s Research Quality Framework Development 
Advisory Group in 2006.  Professor Davey was also an inaugural 
member of the South Australian Premier’s Science & Research 
Council and has served on the boards of both Luminis and 
ITEK, the commercial arms of the University of Adelaide and 
UniSA.  He has also been on the boards of TGR Biosciences, 
the Australian Housing & Urban Research Institute, the History 
Trust of South Australia and numerous Cooperative Research 
Centres.  He is currently a member of the Board of CRC CARE 
and has recently been appointed as Chair of the Research 
Quality Committee and board member of CRC REP, the 
successor to the Desert Knowledge CRC.

Mr Mark Hender, BCiv. Eng. (Hons), MPhil. (Management)

Mr Hender is an experienced director and senior manager 
who has been involved with technology-based businesses for 
over 15 years. He has a broad range of experience at a senior 
management level complemented by detailed experience in the 
strategic management of complex research, technology transfer, 
commercialisation and investment projects gained during the 
five years that he was responsible for the operations of ITEK, the 
commercialisation company of the University of South Australia.

Mr Hender has extensive experience as a director holding 
positions with companies from a diverse range of technologies 
spanning the life sciences and physical sciences. He has been 
involved in raising capital for technology-based companies, both 
by securing venture capital and by leveraging grant funding.

Mr Hender is a Rhodes Scholar from Victoria and holds a 
Master of Philosophy (Management) from Oxford University 
and a Bachelor of Civil Engineering (Hons) from the University 
of New South Wales. He is a graduate of the Australian 
Institute of Company Directors and is a director of a range of 
technology-based companies including ITEK, Spire Innovations, 
GroundProbe and GTA.

Dr Rod Lukatelich, BSc (Hons), PhD, MAIBiol.
Environment and Dangerous Goods Manager – BP Refinery 
Kwinana Pty Ltd 

Dr Lukatelich’s career has spanned academia, environmental 
consulting and environmental management. As Environment 
and Dangerous Goods Manager he is responsible for monitoring 
and reporting emissions, providing wastewater treatment 
technical support, environmental impact assessment for new 
projects, solid waste management, groundwater production, 
soil and groundwater remediation, dangerous goods 
management and Major Hazardous Facility Safety Report. He 
has also supported BP’s global refining businesses as a Senior 
Environmental Technologist (1995-97) and as Water Technology 
Advisor (2004-06) in the areas of contaminated site assessment 
and remediation, and wastewater treatment. He has broad 
experience in regulatory systems, having worked in Asia, 
Europe, Americas, Middle East and Russia.

Dr Lukatelich’s academic research included studies on the 
impacts of eutrophication on algae and seagrasses in lakes 
and estuaries, relationships between hydrodynamics and 
water quality, and development of ecological models. He 
has published 52 refereed papers and book chapters in 
environmental science. He is currently a member of the WA 
EPA, Chair of the Community Health Committee of Kwinana 
Industries Council, chair of the oil industry LNAPL Forum, 
and a member of the WA Department of Environment and 
Conservation Stakeholder Reference Group.

Dr Peter Nadebaum, PhD 
Senior Principal – Environment, GHD Pty Ltd

Dr Nadebaum is a Senior Principal of GHD and a founding 
member and director of CRC CARE. He has very strong 
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experience in the management of land and 
groundwater contamination, and has been the 
National Manager of the environmental businesses 
of major consulting companies. He is currently 
appointed as an Environmental Auditor in NSW and 
South Australia (Contaminated Land), in Victoria 
(Contaminated Land and  Industrial Facilities), as 
a Third Party Reviewer in Queensland, and as an 
auditor in Victoria (Safe Drinking Water Act).   

He has been an Adjunct Professor of the University 
of South Australia and Chair of the Advisory 
Board of the UniSA Centre for Environmental Risk 
Assessment and Remediation. He was a founding 
member and director of the CRC for Water Quality 
and Treatment. He was a director of Saftec Pty Ltd, 
a company involved with the commercialisation of 
new water and wastewater treatment technologies. 

Dr Nadebaum is the President of the Australian 
Land and Groundwater Association, Fellow of the 
Environment Institute of Australia, a member of the 
SuRF Australia Steering Committee, a member 
of the Department of Environment and Heritage 
Hazardous Waste Technical Group that provides 
advice to the Minister on hazardous waste issues, 
and a member of the Institution of Chemical 
Engineers, the Australian Water Association and 
the Royal Australian Chemical Institute. 

Ms Susie Smith, BSc
Principal Sustainability Adviser, Santos

Ms Smith has over twelve years professional 
experience in resource and environmental 
management. As Santos’ Principal Sustainability 
Adviser, Ms Smith stewards sustainability 
management and climate change policy and 
strategy. She published Santos’ inaugural 
Sustainability Report in December 2004 and 
has developed Santos’ sophisticated approach 
to integrating and assessing sustainability 
performance across Santos’ businesses.

Ms Smith represents Santos on various climate 
change industry bodies including the Australian 
Petroleum Production and Exploration Association, 
the Australian Industry Greenhouse Network and 
the Australian Business and Climate Group. Prior to 
joining Santos in 2003, she was the South Australia 
Manager for Ecos Consulting. As a regular speaker 
at industry conferences, Ms Smith engages on 
a broad range of topics from sustainability and 
ecological footprint studies to climate change policy 
and emissions trading.

Dr Paul Vogel, PhD
Chairman, Environmental Protection Authority 
of Western Australia

Dr Vogel has a PhD in chemistry from the University 
of Western Australia. He is Chairman of the WA 
EPA, which is the primary source of independent 
advice to Government on the environmental 
acceptability of development proposals.

Prior to his appointment to this position in late 
2007, he was the inaugural Chief Executive 
and Chairman of the South Australian EPA 
from November 2002, with responsibilities for 
environmental regulation, development assessment 
and radiation protection.

Dr Vogel has worked across the three tiers 
of government, business and the community 
and has extensive experience and knowledge 
in organisational and regulatory reform and 
strategic and collaborative approaches to 
sustainability, natural resources management, 
waste management, air and marine quality, site 
contamination and radiation protection.
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Mr Charles Wong, BASc
Project Manager, HLM Asia Group Ltd, Hong Kong

Mr Wong is a professional engineer who worked in the 
telecommunications industry in Canada for over 25 years until 
his move to HLM Asia Group Ltd Hong Kong in late 2005 as a 
Project Manager. His responsibilities in the telecommunications 
industry included research and development, manufacturing, 
marketing, and product management for a multi-national 
telecommunication company. He has a BASc from the University 
of Toronto.

Mr Wong’s main focus with the HLM Asia Group is on project 
management that includes corporate financing, mergers and 
acquisitions, investment fund raising and initial public offering.  
HLM is a financial consulting and investment firm with offices 
in Hong Kong and Beijing. HLM has significant involvement in 
traditional energy and renewable energy business in People’s 
Republic of China. Mr Wong is currently overseeing CRC 
CARE’s research activities in China.

bOARD COMMITTEES

The CRC CARE Board has delegated certain powers to the 
following committees:

■ Audit and Risk Management Committee
■ Remuneration Committee
■ Research and Technology Committee
■ Commercialisation Committee
■ Policy Committee.

The Audit and Risk Management Committee meets at least 
twice a year to oversee: 

■ financial reporting procedures, accounting policies and the 
audited accounts of the Company

■ compliance of the Company with its legal and statutory 
obligations, and

■ management of risk elements faced by the Company.

This Committee comprises five Company directors from both 
the public and private sector, and is chaired by Mr Paul Perkins.

The Remuneration Committee comprises four Company 
directors (including the Chair and the Managing Director) and 
is chaired by Mr Paul Perkins. The Committee meets at least 
once a year to review the remuneration arrangements for the 
Managing Director and members of the Board of the Company. 
Two members are from the private sector.

The Research and Technology Committee reviews 
research proposals received by the Company and makes 
recommendations to the Board relating to research expenditure, 
the quality of research output and the mix of the Company’s 
research portfolio. It meets twice a year and has nine members. 
The Committee includes three Company directors and six 
industry experts of national and international standing. The 
Committee is chaired by Professor Max Brennan. Seven 
members are from the private sector.

The Commercialisation Committee has seven members, 
of which three are CRC CARE directors with the balance 
comprising senior managers and Program Leaders. The 
Committee is required to meet at least twice a year and is 
chaired by CRC CARE director Mr Mark Hender who has 
extensive commercialisation experience. Two members are from 
the private sector.

The Policy Committee provides high level, strategic advice 
to the Board about significant environmental regulatory policy 
issues, directions, or matters that impinge on, or relate to, the 
research programs and their desired outcomes. There are five 
members, of which three are CRC CARE directors and two from 
environmental protection authorities. One is from the private 
sector. The Committee is chaired by CRC CARE director Dr Paul 
Vogel and meets at least twice a year.

NON-bOARD COMMITTEES

Policy Advisory Committee

The Policy Advisory Committee meets at least twice a year. 
Its role is to advise the Managing Director and through him 
the Board on policy matters associated with contamination 
assessment, prevention, remediation and management and 
their potential impact on the operation of the Company, and 
to highlight areas of research that would benefit the regulatory 
sphere. The Policy Advisory Committee is chaired by Dr Bruce 
Kennedy, Executive Director, National Environment Protection 
Council (NEPC) Service Corporation and has fourteen members 
including three Company directors representing the private 
sector. The Committee has expertise and interest in the 
regulation of environmental contamination issues.
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BoardCompany Secretary

Managing Director

Executive Management Team

Policy Advisory
Committee

Committees
of the Board

CRC CARE ORgANISATIONAl STRuCTuRE

Management Committee

The Management Committee assists the 
Managing Director in managing the CRC and 
is responsible for the day-to-day operations of 
the CRC. This committee meets at least four 
times a year and advises the Board through the 
Managing Director on research priorities, reports 
on the monitoring of milestones and performance 
indicators and ensures effective industry, regulator 
and stakeholder participation. The Management 
Committee is chaired by the Managing Director, 
and comprises the Managing Director, senior 
managers of the Company and the Program 
Leaders. Members are drawn from senior CRC 
CARE staff and participating universities.

CRC Staff, Administration and Head Office

CRC CARE’s Head Office is located in Adelaide at 
the University of South Australia’s Mawson Lakes 
Campus. Staff based at the Head Office are the 
Managing Director, Executive Personal Assistant 
to the Managing Director, General Manager, 
Finance Manager, Finance Officer, Project Officer 
(Contracts), Coordinator: Australian Remediation 
Industry Cluster (ARIC), Coordinators of National 
Contaminated Sites Demonstration Programs, 
Communication Manager, Publications Officer, 
Communications Officer and Administration 
Assistant.

Building X of the University of South Australia, Mawson Lakes – the location of CRC CARE’s head office – was officially 
launched as the ‘Environmental Sciences Building’ on 26 August 2009. Guests were treated to a morning tea and panel 
discussion led by Channel 7’s Leigh McLusky (left). The building was officially launched by Senator Anne McEwen, 
pictured right with UniSA’s Vice Chancellor and President, Professor Peter Høj.
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1 Appointed Board Director November 2009

CEO, Board Members and Committee Members

Name Organisation CRC Position/Role Key skills 
of Board 
member/
committee 
member

Mr Paul Perkins Independent Independent Chair of 
Board, Commercialisation 
Committee, Audit and 
Risk Committee (Chair), 
Remuneration Committee 
(Chair)

Management, 
finance and
commercialisation

Professor Ravi Naidu CRC CARE Managing Director 
(CEO and Director), 
Research and 
Technology Committee, 
Commercialisation 
Committee, Audit 
and Risk Committee, 
Remuneration Committee, 
Policy Committee, Policy 
Advisory Committee

Research and
management

Emeritus Professor Max Brennan Independent Board Director, Research 
and Technology 
Committee (Chair), 
Remuneration Committee

Research and 
policy

Dr Paul Vogel Environmental 
Protection 
Authority of WA

Board Director, Policy 
Committee (Chair), Policy 
Advisory Committee

Regulatory 
experience

Emeritus Professor Ian Davey Independent Board Director, Audit 
and Risk Management 
Committee

Academic and 
research

Dr Rod Lukatelich BP Refinery 
Kwinana Pty Ltd

Board Director, Research 
and Technology 
Committee, Audit and Risk 
Management Committee, 
Remuneration Committee, 
Policy Committee, Policy 
Advisory Committee

Petroleum
industry 
experience, 
academic 
and research, 
environmental 
management

Mr Charles Wong HLM Asia Group 
Ltd

Board Director, Audit 
and Risk Management 
Committee

Venture 
capital/finance

Mr Mark Hender Technis Pty Ltd Board Director, 
Commercialisation 
Committee (Chair)

Ms Susie Smith Santos Board Director Environmental 
sustainability

Dr Peter Nadebaum1 GHD Board Director Service 
industry

Ms Cathy Cooper CRC CARE Company Secretary, 
Audit and Risk 
Management Committee

Business  
management

Commercialisation
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Name Organisation CRC Position/Role Key skills 
of Board 
member/
committee 
member

Dr Brent Clothier Plant and Food 
Research, NZ

Research and Technology 
Committee 

International 
expert on 
contaminants 
skills – lab to 
field

Mr Ross McFarland ENSR Research and Technology 
Committee, Policy 
Advisory Committee

Applied 
research

Professor Gary Pierzynski Kansas State 
University

Research and Technology 
Committee

International 
expert 
on metal 
contaminants 
skills – lab to 
field

Mr Jason Clay Environmental 
Resources 
Management

Research and Technology 
Committee

Expert on 
quantitative 
risk 
assessment

Professor Suresh Rao Purdue University, 
USA

Research and Technology 
Committee

World leader 
– groundwater 
remediation

Mr Stuart Rhodes Rio Tinto Technical 
Services

Research and Technology 
Committee, Policy 
Advisory Committee

Minerals 
industry 
experience

Ms Maggie Dowling (GM to 
February 2010)

CRC CARE Commercialisation 
Committee

Commercialisation 
and 
management

Professor Jack Ng University of 
Queensland

Commercialisation 
Committee, Policy 
Advisory Committee

Toxicologist 
and risk 
assessment

Professor Megharaj Mallavarapu University of South 
Australia

Commercialisation 
Committee

Toxicologist 
and 
remediation

Associate Professor Enzo Lombi University of South 
Australia

Commercialisation 
Committee

Contaminant 
dynamics 
and waste 
management

Mr Nick Mahon (to January 
2010)

CRC CARE Audit and Risk 
Management Committee

Accountant
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Name Organisation CRC Position/Role Key skills 
of Board 
member/
committee 
member

Dr Michael Williams (Acting 
General Manager from March 
2010)

CRC CARE Audit and Risk 
Management, 
Commercialisation and 
Research & Technology 
Committee)

Commercial-
isation and 
management

Dr Bruce Kennedy NEPC Service 
Corporation

Policy Committee, Policy 
Advisory Committee (Chair)

Policy – 
Executive 
Director of 
NEPC

Mr Greg O’Brien EPA Queensland Policy Advisory Committee Regulator

Ms Janet Macmillan Department of 
Environment and 
Conservation, WA

Policy Advisory Committee Regulator

Mr Greg Hill EPA, South 
Australia

Policy Advisory Committee Regulator

Ms Sharon Clark LandCorp Policy Advisory Committee Regulator

Mr Stuart McConnell EPA, Victoria Policy Committee, 
Policy Advisory Committee

Regulator

Dr Roel Plant University of 
Technology, 
Sydney

Policy Advisory Committee Policy/Social
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CRC CARE bOARD MEMbERS AND MEETINgS

Five Board meetings were held in 2009-10 – in August, September and November 2009, and in February 
and May 2010. The following table lists members of the Board and their attendance at Board meetings.

Attendance at CRC CARE Board meetings

Board Member No. of meetings attended

Mr Paul Perkins 5

Professor Ravi Naidu 5

Emeritus Professor Max Brennan 5

Emeritus Professor Ian Davey 5

Mr Mark Hender 5

Dr Rod Lukatelich 5

Dr Peter Nadebaum* 2

Ms Susie Smith 5

Dr Paul Vogel 4

Mr Charles Wong 4

* Dr Peter Nadebaum was appointed director in November 2009

Program Leaders in 2009-10

Research Program Program Leader Deputy Program Leader

Risk Assessment Professor Jack Ng, University of 
Queensland

Associate Professor Albert 
Juhasz, University of South 
Australia

Remediation Technologies Professor Megharaj Mallavarapu, 
University of South Australia

Professor Moses Tadé, 
Curtin University of Technology

Prevention Technologies Associate Professor Enzo Lombi, 
University of South Australia

Professor Dick Haynes, 
University of Queensland

Social, Legal, Policy and 
Economic Issues

Dr Roel Plant, University of 
Technology, Sydney

Associate Professor Karen 
Bubna-Litic, University of 
Technology, Sydney

Education Dr Malcolm Clark, Southern Cross 
University

Mr Andrew Beveridge, 
CRC CARE

Changes to Participants

Participant’s name Change in 2009-10 Commonwealth approval 

Y (yes) N (no)

Chevron Australia Pty Ltd Joined CRC from 1 July 2009 
as a new Participant

Y
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Research programs

RESEARCH ACTIvITIES AND 
ACHIEvEMENTS

1)  Key research achievements

Since its establishment in September 2005, and through its 
partnership with industries and regulatory bodies, CRC CARE 
has made significant progress towards the development of 
guidance documents on the assessment and remediation 
of contaminated sites. Along with this monitoring, tools and 
remediation technologies have been developed to monitor 
certain toxic substances in soil, air and wastewater. The four 
research programs are interlinked via both basic science 
addressing the fate and behaviour of contaminants in the 
environment, and the development of predictive tools. This work 
is underpinned by research conducted in Program 4 focusing 
on social, legal and economic issues. The CRC recognises that 
adoption of any new technology requires an appreciation of the 
technology by the community and hence the focus on societal 
issues.

Major items of progress in 2009-10 are set out in the Managing 
Director’s report, and further outlined in the research program 
reports in the following sections.

2)  Nature of major consultancies and their contribution to 
the CRC

Following its establishment, CRC CARE researchers have 
undertaken a number of consultancies arising largely from 
non-partner organisations. These organisations recognise 
CRC CARE as an independent and unbiased body focusing on 
science and technology excellence. Such consultancies have 
led to new initiatives (e.g. the Managing Director is part of a BHP 
Billiton technical steering committee, Senior Technical Advisor 
Environment to Defence and was engaged by ACIAR to assist 
with a project on arsenic transfer in soils and groundwater in 
Bangladesh).

3) Nature of any grants and how they contribute to the 
CRC 

 
CRC CARE did not receive any grants during 2009-10. 
However, its largest partner, the Department of Defence, 
provided extra funding to CRC CARE to review work done by 
consultants for the Department on one of their key sites. CRC 
CARE appointed the German expert and research collaborator 
in this field, Professor Volker Birke from the University of Ostfalia, 
to undertake the task. The duration of the project was three 
months full-time and the funding approximately $141,000. The 
main benefit to the CRC of Professor Birke’s involvement was 
the special expertise in ‘green chemistry’ he was able to bring 
to the CRC in developing and applying advanced permeable 
reactive barrier technology.

4)  Changes proposed to future research directions

The great majority of the CRC’s milestones are continuing as per 
the original agreement. However, the enhanced engagement 
with the mining industry, especially with BHP Billiton Iron Ore 
Pty Ltd joining the CRC from July 2008, will drive a new focus 
on research into contamination and clean-up in the Australian 
mining sector.
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PROgRAM 1:  
RISk ASSESSMENT

Professor Jack Ng, 
Program Leader

PROgRAM OvERvIEw

This program aims to develop technologies that 
can better quantify environmental and health risks 
which in turn would enable sound decisions in 
management of site contamination. The research 
targets contaminants that pose major soil, air and 
groundwater problems in Australia, or may pose a 
threat from terrorism activities. 

The program consists of five subprograms:

1. Reliable and acceptable techniques and 
technologies to quantify the risk associated 
with contamination in soil, groundwater, surface 
water and air

2. Methods for speciation, bioavailability and 
toxicity assessment of contaminants

3. Exposure pathway and biological effect 
assessment

4. Risk characterisation and communication
5. Epidemiological and demographical studies 

focusing on the effect of point source air 
emissions associated with major industrial 
centres.

PROgRAM HIgHlIgHTS

Key advances in 2009-10 included:

■ coupling new sensor technology with original 
software to minimise signal interference by non-
target compounds

■ success in chemically modifying an electrode 
to improve sensitivity, selectivity and stability for 

target metals was recognised in 2009 with the 
Agilent Technologies Environmental Award

■ clarifying the pathways by which vegetables 
and other food plants take up toxic substances 
from contaminated soil 

■ the establishment of 3D human lung cells to be 
employed in portable field kit to detect toxic air

■ the use of biomarkers in the human body to 
indicate the presence of contaminants by 
measuring levels of the physiological stress 
they induce

■ new field data has further validated the 
effectiveness of the CRC’s AFFF test kit. 

Many of the projects include a training component 
providing scholarships to PhD students and 
postdoctoral fellowships. Program 1 continues 
to deliver innovative tools that both industry and 
regulatory agencies can apply for the benefit of a 
safer environment and public health protection.

In April 2010, the CRC delivered a guidance 
document for bioavailability and bioaccessibility 
to the National Environmental Protection Council. 
In June 2010 CRC researchers also delivered 
draft health screening levels (HSLs) for petroleum 
hydrocarbons.

Professor Jack Ng continued to serve on the 
NHMRC Health Investigation Levels (HIL) Working 
Committee steering the development of NEPM 
HILs. Professor Ng was engaged by WHO as an 
advisor to the Joint WHO/FAO Expert Committee 
on Food Additives 72nd Meeting held at the UN 
Food and Agriculture Organisation, is an Expert 
Review Panel member for the Queensland Health 
Human Research Ethics Committee, and member 
of the Merisant Low Calorie Sweetener Advisory 
Board.

Professor Ng and Program 2 Leader Professor 
Megharaj Mallavarapu were members of an 
Australian delegation invited to attend the 6th 
Australia-China Symposium Towards Sustainable 
Coastal and Deltaic Systems Under Climate 
Change, Guangzhou and Xiamen, 12-15 
October 2009, hosted by the Chinese Academy 
of Science, the Australian Academy of Science 
and the Academy of Technological Science and 
Engineering. 

Program 1 also provides scientific support to 
several of the CRC’s National Contaminated Sites 
Demonstration Program projects.
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PlAIN ENglISH SuMMARy Of PROjECTS

Health and alumina emissions 
(Dr Ewald Swinny)
Community health concerns have been raised about alumina 
refinery emissions, but studies have so far failed to find any 
cause of disease. This research is exploring the idea that certain 
chemical species adsorbed to small alumina particles and the 
sizes of these particles may be factors in respiratory disease, 
and seeks to quantify any possible risk.  

Contamination detectors 
(Dr Zuliang Chen)
Contaminated sites often contain toxic substances such as 
arsenic, cadmium, copper, chromium and BTEX, which are 
of serious environmental health concern. Coupled with our 
success in developing an electronic metal sensor we are now 
developing a general toxicity biosensor. Together these will 
provide real time monitoring of toxics in the soil and water of 
highly contaminated sites. 

Reducing threats to indoor air 
(Dr Steve Wilkinson)
Civil defence planners see a need to protect the Australian 
public against the possible release of toxic substances into 
the air in large, iconic public buildings. This research models 
indoor air dispersion in public buildings with a view to improving 
air management, increasing public security and ensuring safe 
evacuation should an incident occur.

Detecting contaminants in industrial emissions 
(Dr Peter Taylor)
Industrial emissions may contain many chemicals, although not 
all are readily detected. Organometallic compounds may be 
toxic or smell bad, and can contaminate surrounding areas – 
but are very hard to measure. We are pioneering a way to detect 
and monitor these substances, which will be initially tested in 
alumina refinery emissions.

Ensuring healthier groundwater 
(Dr Grant Hose)
Australia uses 1500 gigalitres of groundwater every year and 
many communities depend on it for both domestic and industrial 
uses. This research into aquatic fauna will provide industry and 
regulators with new ways to sample and assess the health of 
groundwater ecosystems to improve management, prevent 
contamination and protect the public’s health.

lab-on-a-chip sniffs trouble 
(Dr Peter Taylor)
Detecting contaminants often requires large, costly lab-based 
equipment far from the site of interest. We are testing the 
feasibility of using portable lab-on-a-chip technology to detect 
environmental contaminants rapidly and cheaply, on-site. This 
will enable Australia to clean up our environment faster, more 
thoroughly and safely.

Tracking air pollution 
(John Sutton/Anthony Stewart)
Air pollution affects most Australians, especially in cities and 
near major industrial centres and is linked to rising levels of 
respiratory disease. CRC CARE researchers are developing and 
testing a portable laser/radar (LIDAR) for monitoring industrial 
and other emissions containing very small particles. Coupled 
with diagnostic tests this will help assess the risk to people 
downwind of the source.

Avoiding toxic fallout 
(Dr Steve Wilkinson)
When large industries are co-located, toxic chemicals can cling 
to emissions containing tiny iron-rich particles, posing a possible 
risk to public health. This project explores the potential of 
airborne iron-rich mineral particles to disperse toxic substances 
over large areas, with the aim of improving our industrial 
planning.  

New tool for toxics 
(Dr Zuliang Chen)
Contaminants such as arsenic, cadmium, chromium and BTEX 
are of serious environmental and health concern wherever they 
occur. We are developing our general toxicity biosensor into 
a usable field test kit for rapid, low-cost monitoring and site 
assessment. 

Smart bugs for toxic threats 
(Professor Jack Ng)
Contamination is a major threat to human and environmental 
health – but can be hard to detect and monitor. This research 
is developing a low-cost sensor that detects and measures 
pollution in water in real time, continuously, using a sensitive 
single-celled organism to signal the presence and toxicity of 
metals and metallic compounds. 
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Contaminants and the food chain 
(Dr Euan Smith)
Heavy metals and some other nutrients may pose 
a risk to public health if they enter the food chain 
in sufficient amounts through vegetables and other 
sources. This project is developing models which 
will help clarify the uptake of these substances 
by plants, the pathways by which they can enter 
humans and the risks they pose.

Measuring oil pollution 
(Dr Greg Davis)
A century of oil leaks constitutes one of the 
most widespread forms of contamination in 
the Australian environment. We have searched 
the world scientific literature for the best ways 
to assess petroleum-contaminated soils and 
groundwater, as the basis for a uniform national 
approach to estimating the risks they pose and for 
cleaning them up.

Artificial lung sniffs toxic air 
(Professor Jack Ng)
Air pollution is one of the most widespread 
environmental health concerns, affecting a majority 
of Australians. In this project we are using 3D 
human lung cells as the basis for developing a 
portable field testing kit to detect and identify toxic 
air pollutants.

How poisoned are you? 
(Professor Jack Ng)
This project is pioneering a novel way to measure 
the damage a person sustains when exposed 
to certain toxic compounds. Using particular 
biomarkers which occur naturally in the body, 
CRC CARE researchers are seeking to measure 
the extent of cell damage due to particular toxins, 
with the aim of creating an early warning system for 
exposure to dangerous levels of contamination. 

Reducing risks from toxic vapours 
(Dr Greg Davis)
Vapours from old leaks and spills of hydrocarbons, 
solvents, plastics production and other processes 
may pose a health threat when former industrial 
land is redeveloped for housing and other uses. 
However these vapours are reduced by the 
natural action of soil microbes. Our work has 
identified better ways to measure vapours, the best 
model for use in Australian conditions to assist 
in managing vapour pollution, and how much 
vapour reduction soil microbes can achieve.

National approach to hydrocarbons 
(James Davis)
Ways to diagnose and remediate sites 
contaminated by hydrocarbons vary across 
Australia. In this project we have developed a 
harmonised national guidance document on 
the best ways to characterise sites affected by 
petroleum leaks and spills – the essential first step 
in any clean-up plan. Australia is now better able 
to clean up many of the historical oil spills beneath 
our cities and industrial areas using a uniform 
approach.

Health and hydrocarbons 
(Dr Peter Nadebaum)
Old oil spills and leaks pose a continuing risk 
to people living nearby through exposure to 
hydrocarbon compounds in soil or groundwater 
and their vapours. In this literature search CRC 
CARE has identified the key issues needed to set 
new national standards for investigating, managing 
and cleaning up this form of contamination.

Curbing asbestos risk 
(Professor Andrea Gerson)
Between the 1940s and 80s many Australian 
buildings were made using asbestos cement, 
which contains fine bundles of asbestos fibres. 
These pose a potential health risk when the cement 
breaks down. Our research is investigating how the 
cement releases these fibres; this will help in taking 
action to make affected sites safer.

Assessing hydrocarbon contamination 
(Dr Peter Nadebaum)
Old oil spills and leaks pose a continuing risk 
to people living nearby, through exposure to 
hydrocarbon compounds in soil or groundwater 
and their vapours. In this project, supported by 
industry and environmental regulators, we model 
the behaviour of these vapours and propose new 
criteria for use in measures to protect public health.

Ensuring consistency in hydrocarbon 
analysis 
(Len Turcynowicz)
A century of oil leaks constitutes one of the 
most widespread forms of contamination in the 
Australian environment. This project summarises 
our findings with a view to helping establish new 
national standards for investigating, managing and 
cleaning up hydrocarbon contamination.



30 Research programs

RESEARCH PROjECT HIgHlIgHTS 

1.  Analytical tools and biosensors

There is a growing need and market for improved microsensor 
tools (both chemically and biologically based) for real-time 
monitoring of chemical contamination in soil and water at highly 
contaminated sites.

This project aims to integrate conventional analytical techniques, 
contaminant sensitive probes and analysis with artificial neural 
networks to create new and specialised sensors. Components 
include, for example, a genetically modified bacterium with an 
ability to produce luminescence proportional to the amount of 
biologically available arsenic. Another is planned that responds 
to the presence of chromium. Cloning from Bacillus megaterium 
into an expression vector is in progress. 

Success in chemically modifying an electrode to improve 
sensitivity, selectivity and stability for target metals was 
recognised in 2009 with the project leader receiving the 
inaugural Agilent Technologies Environmental Award. The 
project has also now achieved its goal of generating new IP, and 
commercial interest is being sought.

(Partners: UniSA, Agilent Technologies Pty Ltd)

Project Leader Dr Zuliang Chen (right) was presented with the inaugural 
Agilent Technologies Environmental Award by Jim Tsiotinas from Agilent 
Technologies, during CleanUp 09 in September.

2.  groundwater fauna as indicators of contamination

The surprising abundance of tiny fauna and microbes in 
groundwater discovered in recent years has led to the idea that 
variation in their form or condition could be used as an indicator 
of water quality, including the presence and concentration of 
certain contaminants. 

Spending their lives underground, the ‘stygofauna’ studied 
in this work have included bacteria, protozoa, fungi and 
crustaceans. Field sampling also uncovered a number of new, 
previously undescribed taxa, and DNA-based methods for their 
identification were explored. 

At this stage, toxicity tests with zinc are almost complete, 
and detailed analyses will allow the metal burdens of these 
organisms to be measured. They will also provide a first step 
to understanding the tolerance to metals that some of them 
display.

However, results are suggesting that the considerable variability 
observed in microbial assemblages over time and between 
bores does indeed translate to differences in sensitivity to 
toxicants. However, it appears that the microbes are less 
responsive to variations in the level of contaminants than larger 
organisms such as crustacea, which is likely to lessen their value 
as indicators.

A large variation in samples from the same bore over time also 
suggests that other factors are at play which will complicate any 
interpretation of the effect of contaminants.

(Partner: UTS)

An example of stygofauna – melitid amphipod collected in WA 

(Photo: Jane McRae)
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3. Plant uptake of soil contaminants, 
bioavailability and human health risk

 
Vegetable crops grown in soils that are 
unknowingly contaminated can pose a risk to the 
health of consumers. This project has focused 
on the assessment of exposure by inorganic 
and organic contaminants in contaminated soils 
collected from various areas across Australia, 
especially land previously used for agriculture or 
industry. Specifically, the research investigated land 
contaminated with metals (Cu, Cd and Pb) as well 
as organics (DDT, dieldrin and chloridane). 

The overall objectives of this research were to:

1.  assess the potential for contaminant uptake by 
vegetable crops commonly grown by Australian 
gardeners

2.  develop a soil-to-plant transfer model for 
contaminants to be incorporated into an 
exposure pathway assessment model, and 

3.  develop a bioavailability transfer model from 
plants to humans using animal models. 

 
Six vegetables commonly grown in Australian 
backyards, including lettuce, radish, silverbeet, 
zucchini, carrot and cabbage, were selected 
for contaminant uptake studies using field and 
laboratory-spiked samples. The highest plant 
tissue concentrations of arsenic, lead or DDT were 
observed in plant roots, with progressively less in 
the tuber, stem, leaf and fruit. However, the highest 
cadmium concentrations were observed in the 
above-ground tissues.

Uptake studies with these vegetables under 
hydroponic conditions found no yield effect with 
increasing concentrations of arsenic, lead or 
DDT in plant tissue. In contrast, yield decreased 
significantly with increasing levels of cadmium. 
 
Because the majority of daily contaminant 
exposure for people is primarily through soil or dust 
exposure, the model developed is also able to take 
into account the ingestion of contaminated soil.
 
(Partners: Plant and Food Research, New Zealand, 
UniSA)

4.  using live cells for real-time measurement of 
toxicity 

In terms of biological testings, so-called ‘3D cell 
models’ sit between monolayer cells (2D) in a test 
tube and a live animal. In recent years 3D cells 
have gained popularity for drug development and 
discovery research, and for routine diagnostic 
tests. It is expected that the 3D cell approach will 
also be taken up in toxicology research, given its 
potential to represent a whole organ system. In 
particular, the more realistic exposure to life-forms 
provided by 3D systems – in comparison to the 
current 2D monolayer cell technique – is expected 
to lead to real improvements in the accuracy of risk 
assessment.

In preliminary work the CRC has applied the 
new technique to live cells exposed to BTEX 
compounds, the toxic volatile organics benzene, 
toluene, ethylbenzene and xylenes. This has 
enabled visualisation of DNA damage in the 
nucleus of lung epithelial cells, and detection of 
the presence of γH2AX, a stable protein which is 
specialised in the repair of double-strand DNA 
breaks.

The response is very sensitive, making it easy to 
detect the potency of genotoxic compounds. This 
assay is a useful adjunct to the common comet 
and chromosome aberration assays. 

This research aims to develop a battery of cell-
based systems incorporated into compact 
portable equipment that can be taken to a 
contaminated site for in-situ real-time measurement 
of toxicological responses. Screening of suitable 
biological effect markers continued in 2009-10, and 
work on a prototype of the portable field equipment 
is scheduled to begin in phase two of the project in 
2010-11.

(Partner: UQ)

A549 cells 
exposed to 
hydroquinone for 
six hours showed 
increased number 
of chromosome 
aberrations.
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5.  using the body’s early response to contamination as a 
signal

Arsenic and cadmium are environmental pollutants from both 
natural and anthropogenic sources, and can cause cancers 
and chronic diseases in humans. Oxidative stress, a main 
mechanism of arsenic and cadmium toxicity, occurs when the 
generation of damaging free radicals exceeds the body’s ability 
to eliminate them. These radicals can damage DNA, proteins 
and lipids in our bodies and ultimately cause the cell to become 
cancerous. 

Research in a CRC project at the University of Queensland, 
conducted by Postdoctoral Research Fellow Dr A’edah Abu-
Bakar and PhD student Ms Dionne Arthur, has looked at 
the mammalian protective mechanisms against arsenic and 
cadmium. In particular, it has examined how two enzyme 
systems respond to this toxicity.

The aims are to understand the mechanism by which the 
antioxidant bilirubin is regulated during oxidative stress, and 
to identify bilirubin metabolites (BOMs) that can be used as 
biomarkers of an early response to arsenic/cadmium toxicity. 
Studies in a mouse model indicated that the BOMs can be used 
in this way. 

Ms Arthur attended the Wuhan International Conference on 
the Environment in October 2009, and presented her work in a 
session on environment and human health.

Future projects could include confirmation of urinary BOMs 
in humans exposed to high levels of arsenic/cadmium, and 
purification of BOMs for the purpose of development of 
detection kit for urinary BOMs.

(Partner: UQ)

6.  Development of petroleum hydrocarbon soil and 
groundwater health screening levels (HSls)

In Australia, the normal approach for triggering further 
investigation during contaminated land investigations is to 
determine whether the concentration of contaminants of 
concern in soil and/or groundwater exceed published health 
investigation levels (HILs) or ecological investigation levels 
(EILs). It is common practice to undertake a risk assessment to 
determine whether the concentrations might threaten human 
health or ecosystems.

In the case of petroleum hydrocarbons, a number of HILs exist, 
although these are limited in the range of soil types and aquifers 
covered and the range of volatile hydrocarbons considered. As 
such, there is a need for a more comprehensive set of screening 
levels for petroleum hydrocarbons in soil and groundwater. 

This project has been underway since 2006. In 2009-10, project 
reports were reviewed by several international experts, leading 
to further revisions of the HSLs. A suite of draft HSL documents 
was endorsed by the CRC’s Project Advisory Group in its May 
2010 meeting in Sydney, and then submitted to the NEPC. 
These recommendations will be considered for the revisions 
to the NEPM, which are Australia’s national environmental 
guidelines as managed under the Commonwealth National 
Environment Protection Council Act 1994.

More details about the reports arising from this work, and due 
to be published as a summary and three parts later in 2010, 
are set out in this annual report in the section on the CRC’s 
Australian Institute of Petroleum Program.

(Partner: GHD)

 

An illustration of the P450 enzyme in mammals being examined for its 
response to arsenic and cadmium in the body.
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PROgRAM 2: 
REMEDIATION TECHNOlOgIES

Professor Megharaj 
Mallavarapu, 
Program Leader

PROgRAM OvERvIEw

The Remediation Technologies Program develops 
cost-effective and sustainable remediation 
technologies for contamination that are acceptable 
to regulatory agencies and auditors. This includes 
the development of:

■ cost effective, innovative and low-risk 
technologies for soil remediation (including 
treatment, bioavailability reduction and a 
combination of these) that can maximise overall 
land value and minimise the amount of soil 
disposed of in landfills

■ remediation approaches for groundwater 
source zones that reduce costs and risks. 
These include MNA, enhanced NA, methods of 
free phase reduction, and permeable reactive 
barriers

■ technologies that offer a rapid and cost-
effective response to biological or chemical 
hazards from accidental releases or from 
terrorist activities

■ a remediation database accessible to 
 Australian and international industry.

The program operates through five subprograms:

1.  Remediation technologies for heavy metal(loid) 
contaminated soils

2.  Remediation technologies for mixed 
contaminants

3.  Remediation of persistent organic pollutants
4.  Remediation technologies for contaminated 

groundwater
5.  Reactive filtration media for remediation.

All subprograms within the program consider both 
chemical and biological remediation, including 
phytoremediation using plants, or a combination 
of these technologies based on their suitability. 
Chemical technologies include chemical oxidation, 
soil washing, solvent/surfactant washing, and use 
of naturally occurring or modified clay material to 
immobilise or remove contaminants from soil, air 
and water. 

Biotechnologies being investigated and refined 
include phytostabilisation, phytoremediation, 
microbial bioremediation including aerobic/
anaerobic degradation of contaminants, natural 
attenuation or enhanced natural attenuation 
and enzyme-based technologies. This program 
places emphasis on risk-based land management 
in developing remediation technologies. Skills 
in toxicological and chemical analysis underpin 
research into remediation efficacy.

Both fundamental and applied research projects 
are underway. Some of these projects provide 
training for PhD and Honours students and 
postdocs. Research within the program combines 
laboratory studies with field-based research, and 
projects bring together a range of disciplines 
to develop cost-effective and sustainable 
solutions to complex contamination problems. 
The skills deployed include analytical chemistry, 
environmental chemistry, hydrogeology, modelling, 
soil and water science and environmental 
microbiology.  

PROgRAM HIgHlIgHTS

■ deciding when to cease clean-up of LNAPLs
■ use of ultrasound technology for treatment of 

organic pollutants
■ clean up of perfluoro chemicals used in fire-

fighting foam. The CRC was awarded the DIISR 
STAR Award for 2010 for this work on modified 
clays by Dr Venkata Kambala

■ groundwater remediation using a subterranean 
reactive barrier

■ speciation, bioavailability and toxicity of 
petroleum hydrocarbons

■ control of aggregate structure, settling and 
dewatering in mineral tailings

■ bridging maths and chemistry in sensor 
development

■ Associate Professor Zuliang Chen received 
Agilent Technologies Best Scientist Award 
for developing novel analytical methods for 
environmental contaminants (joint project with 
Program 1)
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■ Dr KandasamyThangavadivel was selected as one of eight 
finalists for the ‘Showcasing Early Career Scientists’ awards 
at the CRC Association’s annual conference in May 2010

■ PhD student Jason Du was selected as one of 18 young 
Australians to win participation in the Fresh Science week 
in Melbourne in June 2010. Jason presented his work on 
dewatering tailings from mineral processing.

PlAIN ENglISH SuMMARy Of PROjECTS

Cleaning up urban waste (Dr Shaobin Wang)
Australian urban waste disposal produces millions of tonnes 
of contaminated liquid and gas emissions every year, posing 
a potential hazard to the environment and public health. CRC 
CARE is developing new technologies to capture and make 
safe noxious gases and leachates from urban landfills, including 
a biological digester (bioreactor) for processing waste into 
harmless and potentially useful materials.

Manures as soil cleansers (Professor Megharaj Mallavarapu)
Soils contaminated with toxic PAHs (polycyclic aromatic 
hydrocarbons) can be cleansed by the natural action of soil-
borne microbes – however the process is quicker and more 
effective if these microbes are nourished. We have tested a 
range of manures (cattle, sheep, poultry, pig and horse) and 
artificial fertilisers for use on a range of hydrocarbon pollutants 
in different soil types to produce a decision-support system 
that will enable this efficient, natural and low-cost form of 
remediation to be used more widely.

Plants to remediate landfills 
(Professor Nanthi Bolan/Professor Ravi Naidu) 
Australia’s urban tips (landfills) are full of toxic substances, such 
as heavy metals and organic chemicals, which can leak into 
groundwater and the environment, thereby posing a health risk 
to people living nearby. In this project CRC CARE is developing 
a new way to cleanse landfills using the natural filtration ability 
of plant roots in a recycled water irrigation system on site at an 
existing tip in South Australia. After assessing the plants’ ability 
to take up heavy metals and degrade organics from this site, we 
will extend the technique to other landfill sites.

Avoiding acid soils (Professor Leigh Sullivan)
Acid sulfate soils (ASS) affect large areas of Australia’s coastal 
and inland wetlands and can create disastrously toxic flows of 
highly acidic runoff when drained for development. This CRC 
CARE project is developing a new tool which enables industry to 
detect, assess, avoid or remediate acid soils. The tool employs 
a leading-edge hydrogeochemical model to predict the potential 
acid yield, consumption and export from ASS sites under 
different management scenarios.

letting nature do the job (Associate Professor Noel Merrick)
Natural processes in soil and groundwater often break down 
hydrocarbon pollution of their own accord and without human 
intervention. In order to rely on this happening in the Australian 
environment, CRC CARE has conducted a global and national 
review of the best methods for monitoring the progress and 

success of such natural attenuation. This will provide industry, 
regulators and policy makers with greater confidence in natural 
means of reducing contamination, which are both efficient and 
low-cost.

knowing when to stop (David Lam)
Light non-aqueous phase liquids (LNAPLs) are oily contaminants 
that float on the surface of groundwater and can be 
particularly difficult to remediate. One of the great challenges 
in attempting their clean-up is knowing when further efforts will 
be unproductive and can no longer reduce risk. In this global 
review CRC CARE has attempted to define the end-points for 
remediation, as a guide to industry and regulators and to avoid 
wasted effort.

Showing nature works (Dr Peter Nadebaum)
Hydrocarbon pollutants can often break down via natural 
processes in soil and groundwater without human intervention. 
CRC CARE is developing a document which sets out the 
technical aspects for groundwater management where this 
natural attenuation is being used as the main approach for 
reducing the risks to human health.

best ways to tackle hydrocarbon pollutants 
(Colin Johnston)
Light non-aqueous phase liquids (LNAPLs) are light, oily 
contaminants that float on the surface of groundwater and can 
be particularly difficult to remediate. This study brings together 
the latest and best methods and ideas for remediating them in a 
guide for industry and regulators. It explores important technical 
issues such as the practical limits of LNAPL clean-up and 
identifies gaps in current knowledge which research can fill.

Cleansing water underground 
(Saravanamuthu Vigneswaran)
Hundreds of old garbage tips are quietly leaking a toxic brew 
of old chemicals and organic pollutants into the groundwater 
drunk or used about the home by up to 4 million Australians. 
This CRC CARE project is developing an advanced triple-layer 
reactive barrier designed to intercept and cleanse groundwater 
containing multiple contaminants especially for use below 
landfills. The different layers of the barrier can be specifically 
tailored to trap and break down individual contaminants in the 
flow using a combination of techniques such as biosorption, 
oxidation and metal scavenging.

Tailoring clean-up agents (Dr Yunfei Xi/Professor Ravi Naidu)
Oil and fuel spills are costly, common and damaging events 
worldwide. However certain clay- and iron-based minerals and 
substances like cotton fibre display exceptional ability to mop 
up toxic hydrocarbon contaminants. This leading-edge work by 
CRC CARE is developing a new understanding of the precise 
characteristics of these materials that enable them to adsorb 
contaminants in a range of conditions, as well as enhancing 
their ability to clean up particular pollutants. Target contaminants 
in this research include organic contaminants (not only oil spills) 
and heavy metals, with a focus on the clean-up properties of 
modified clays.
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Creating healthy indoor air 
(Dr Shaobin Wang)
Because we spend nine tenths of our lives inside, 
people are more exposed to harmful air pollution 
indoors than out, resulting in a growing toll of ill 
health which costs billions of dollars a year. CRC 
CARE is pioneering a novel form of air filtration with 
potential to radically improve the quality and safety 
of indoor air. This uses visible light and a nano-
catalyst to break down and remove toxic volatile 
organic compounds (VOCs) emitted by furnishings 
and building materials, which are among the most 
common indoor air pollutants.

Shedding light on dirty water 
(Dr Shaobin Wang)
Reactive barriers are buried interceptors used 
to clean up polluted streams of underground 
water, so reducing health and environmental 
risks. In this project CRC CARE researchers are 
developing a novel, highly efficient form of reactive 
barrier capable of completely degrading toxic 
organic pollutants and some heavy metals from 
contaminated groundwater through a combination 
of oxidation and adsorption. The method will be 
further enhanced through the use of adsorption 
and catalytic oxidation to break down pollutants. 

Cleaning up urban stormwater 
(Professor Saravanamuthu Vigneswaran)
Rainwater running off city streets often contains a 
brew of toxic substances, including hydrocarbons 
and heavy metals, which threaten the environment 
and cause this valuable resource to be wasted 
instead of re-used.  This research investigates 
the pollutants typically found in urban stormwater 
and explores three different methods for removing 
them on site.  Its aim is to design a novel barrier 
to intercept and clean stormwater as it passes 
through making it suitable for re-use, so improving 
water conservation in Australia’s cities.

Sludge reduction, TiO2 nanoparticle 
preparation and enhancing water recycling 
(Dr Hokyong Shon)
Water shortages in Australia and worldwide are 
stepping up the pressure for cheaper, more efficient 
means to cleanse wastewater for re-use. CRC 
CARE is investigating the use of special titanium 
dioxide nanoparticles, which can be produced 
from the sludge resulting from using of titanium-
salts as new coagulants in water treatment. The 
photocatalyst produced can be used for the 
removal of persistent organic pollutants from 
recycled water, using natural light as the energy 
source. This promises a lower-cost, more effective 

way to sludge reduction, nanoparticle generation 
and purifying previously used water.

Hydrocarbon spills and safe ecological 
levels 
(Dr Prashant Srivastava)
It is estimated that about half of Australia’s 
contaminated sites are affected by hydrocarbon 
spills. This research will be focused on the different 
types and toxicity of petroleum hydrocarbons in 
soil, and the extent to which they can be taken 
up by plants and other organisms. In particular, 
commercial products such as diesel and lubricating 
oil will be examined. The work will help determine 
ecological safe limits for individual hydrocarbon 
fractions and support the development of more 
effective bioremediation technology.

Cleaning up toxic perfluoro chemicals used 
in fire-fighting foam 
(Dr Venkata Kambala/Professor Ravi Naidu)
In collaboration with Soil and Groundwater 
Consulting Pty Ltd (S&G), researchers at CRC 
CARE have been developing a new method for 
treating wastewater containing perfluoro chemicals 
(PFCs). Naturally occurring materials such as clays 
have found many applications as adsorbents, but 
their capacity to remove contaminants can be 
greatly improved by mineral tailoring. This research 
has identified low cost natural materials on which to 
base a novel system for removing PFCs. Trials so 
far have shown the technique to be highly efficient, 
and applications are underway at Department 
of Defence sites. Beginning with wastewater 
clean-up, this work has been extended to PFC-
contaminated soil.

TCE clean-up using enhanced oxidation and 
bioremediation 
(Dr Sreenivasulu Chadalavada/Professor Ravi Naidu)
Trichloroethylene (TCE) is commonly used as 
an industrial solvent and degreaser, and if not 
disposed of carefully can easily pollute the 
subsurface environment. At a site in SA where 
TCE is the main contaminant, this project is using 
the established process of adding oxidants (via a 
proprietary product) to encourage oxidation and 
thus the breakdown of the TCE. To assist this 
process, researchers have added a surfactant 
designed to facilitate penetration of the treatment 
into the soil and ground matrix to a depth of 20m. 
In addition, local bacteria are being collected at 
depth and tested to see whether any present are 
able to degrade TCE. If so they will form part of a 
second line of attack on the contaminant TCE via a 
bioremediation strategy. 



36 Research programs

RESEARCH RESEARCH PROjECT HIgHlIgHTS 

1. Deciding when to cease clean-up of lNAPls

Light non-aqueous phase liquids (LNAPLs) are oily contaminants 
that float on the surface of groundwater and can be particularly 
difficult to remediate. In many aquifers, regardless of the level of 
the LNAPL remediation effort, it will rarely be possible to achieve 
total removal of LNAPLs. 

This study has reviewed international practice in deciding the 
amount of resources to expend on LNAPL clean-up measures, 
in particular identifying the point where cost-effectiveness is so 
low that no further action can be justified. As part of a ten-point 
remediation process for a typical site, the study recommended 
that the following measurable factors be taken into account:

■ LNAPL transmissivity 
■ LNAPL saturation remaining 
■ LNAPL plume stability 
■ dissolved stability of contaminant of concern
■ asymptotic cumulative recovery from remediation efforts 

(indicating a lack of mobility and recoverability). 

In some cases, even though LNAPL is detectable in wells, 
further recovery of LNAPL may be impracticable. Even if 
the plume is stable, remediation efforts may not provide any 
benefit in terms of reducing the risk to human health or the 
environment.

The work undertaken so far in this project has been published 
as the CRC’s Technical Report no. 6, and is available at http://
www.crccare.com/publications/downloads/CRC-CARE-Tech-
Report-6.pdf.

(Partner: Coffey Environments Pty Ltd) 

2.  use of ultrasound technology for treatment of organic 
pollutants

Some organic contaminants, such as DDT, are more persistent 
and toxic than others. While DDT as a pesticide has assisted 
food production and saved many lives by suppressing malaria-
carrying mosquitoes, it is known to accumulate in the food 
chain. This can damage the human nervous system and cause 
cancer. Despite a global ban in 2004, a history of indiscriminate 
use has resulted in a very large number of DDT-contaminated 
sites around the world.

In Australia significant quantities of DDT still exist in old stock dip 
sites and may be causing groundwater contamination. Although 
limited information is available on remediation of DDT in sands, 
no research has been focused on difficult soil fractions of clay, 
silt and organics where the DDT is more tightly held. 

It is known that various wavelengths of acoustic energy are 
able to break down a range of complex organic molecules, 
including DDT. This PhD project combined heat and surfactants 
with lower energy ultrasonics, resulting in a cheaper and more 
practical technique to break the strong adhesion of DDT to soil 
particles. This allows the DDT to then be collected and disposed 
of by incineration or other means.

The work also identified aspects of reactor size and shape that 
were critical for overall energy transfer. Similar ways to treat 
chloroform as a contaminant in rural groundwater supplies were 
also identified.

The way DDT tends to be isolated in hot spots on farms 
makes it especially amenable to the batch treatment which this 
approach has made possible. It also offers the prospect of a 
new green, affordable technology for the management of DDT 
contamination wherever it is found.

This PhD research was selected for special presentation by the 
CRC Association at its 2010 national conference.

(Partner: UniSA)

The use of ultrasound 
technology in the treatment 
of organic pollutants uses the 
principle of acoustic cavitation. 
In this PhD, the process was 
not taken to full ultrasonication, 
due to the high cost of energy 
involved, but to a lower energy 
point at which 80% of the DDT 
contaminant could be easily 
extracted from the soil.

ACOUSTIC CAVITATION:
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bubble 
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3.  Clean-up of perfluoro chemicals used in fire-
fighting foam

A number of CRC CARE publications have 
reported earlier work in the development of a field 
kit to detect contamination by perfluoro chemicals 
(PFCs) widely used in fire-fighting foam. Older 
forms of the PFCs used include PFOS and PFOA, 
but other forms may also be in use in different 
locations and countries. Civilian and military airports 
around the world are especially at risk from PFC 
contamination, since they are often the site of 
repeated training for fire fighters. 

When spilled or dumped, PFCs can enter 
groundwater and easily move long distances, 
polluting nearby water supplies. As very stable 
chemicals that do not easily break down in the 
environment, they can now be found around 
the world in soil, sediments and water, and in 
animal and human tissue. Unfortunately, they are 
also known to be toxic, and represent a threat 
to human health. Even when carefully contained 
and collected, treatment of the wastewater has 
remained expensive and difficult.

With continuing support from the Department 
of Defence, in 2009-10 this project completed 
development of a new method for treating 

wastewater containing PFCs. Naturally occurring 
materials such as clays have many applications 
as adsorbents, but their capacity to remove 
contaminants can be greatly improved by mineral 
tailoring. This research has identified low cost 
natural materials on which to base a novel capture 
system for PFCs, and has allowed unique versatility 
in the preparation of materials to target specific 
contaminants. The work has now patented a highly 
effective adsorbent known as MatCARETM that 
directly addresses what is now a global clean up 
problem.

With many of the world’s 49,000 airports facing 
PFC contamination, this work positions the 
Australian clean-up industry to supply a large 
and well resourced international market in the 
assessment and remediation of PFC pollution.

In collaboration with the SA-based company Soil 
and Groundwater Consulting Pty Ltd (S&G), which 
worked with the CRC on a field-based treatment 
unit, this project won the CRC Program STAR 
Award in 2010 which was presented at the CRC 
Association national conference in Alice Springs in 
May.

(Partner: UniSA, S&G Consulting Pty Ltd)

Clean up of perfluoro chemicals (PFCs) using MatCARETM.

Dr Venkata Kambala and CRC CARE 
Chairman, Paul Perkins, display the CRC 
Program STAR Award presented at the CRC 
Association conference in Alice Springs.
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4.  groundwater remediation using a subterranean reactive 
barrier

Experience from Europe and North America suggests that 
groundwater pollution in Australia will become a more serious 
issue in the future. The current technique for groundwater 
treatment is based on the ‘pump and treat method’, which is 
unlikely to be economic or sustainable in the long term. 

A method of remediating polluted groundwater that is gaining 
increasing attention is the placement of a permeable reactive 
barrier (PRB) down gradient of the contaminant plume. The 
barrier allows the groundwater to pass, but remediates the 
pollutants in the process. 

There are several aspects to be investigated for successful 
implementation of PRB technology. A good understanding is 
required of the groundwater flow dynamics, and the engineering 
aspects of a successful PRB installation must be clear and 
feasible. A suitable reactive material for use in the PRB also 
needs to be adopted, or even developed.

This project, completed and reported in 2009-10, focused 
on reactive material development. Catalyst properties such 
as morphology, chemical composition, its stability and 
its regeneration were reviewed, and catalyst activity was 
investigated in a batch reactor system developed in the lab. The 
catalyst effectiveness was measured by analysing its capacity to 
reduce the concentration of the parent molecule as well as total 
organic carbon.

The technology developed in the project allows simultaneous 
adsorption and oxidative removal of contaminants. In 
particular the pollutants are brought into contact with a Co2+/
KHSO5 reagent to generate a highly active sulphate radical, 
which readily attacks and oxidises the organic pollutants in 
wastewater.

In education and training, one Master candidate and one PhD 
candidate were awarded the degrees. Several honours degree 
students completed their projects and graduated, and a number 
journal and conference papers were published.

(Partner: UTS, CUT) 

5.  Speciation, bioavailability and toxicity of petroleum 
hydrocarbons

In Australia, at least 50% of contaminated sites being managed 
or regulated are related to petroleum hydrocarbons. However, 
the practice of grouping all types of hydrocarbons together for 
the purpose of assessing soil contamination, known as ‘total 
petroleum hydrocarbon’ or TPH, has limitations. 

TPH is defined as carbon range from C6 to C35 and includes a 
wide variety of complex compounds. As such it is not a direct 
indicator of risk to humans or to the environment. In particular, 
without separation and identification of the hydrocarbon types 
present at a site, the associated risks cannot be accurately 
established.

The complexity of diesel fuel commonly found as a contaminant 
is a useful example. Typically 75% saturated hydrocarbons 
(primarily paraffins including n, iso, and cycloparaffins), and 
25% aromatic hydrocarbons (including naphthalenes and 
alkylbenzenes), the average chemical formula for common 
diesel fuel is C

12H23, ranging from C10H20 to C15H28. Carbon chain 
lengths are C8-C26, with the majority in the C10 to C20 range. 
Different grades of diesel fuel oils are used by cars, commercial 
trucks, buses, marine engines and trains. Lubricating oils are 
also highly variable in composition.

Soil contamination from spills and leakages of petroleum include 
MTBE (methyl tertiary butyl ether), BTEX (benzene, toluene, ethyl 
benzene, xylene) petrol and diesel organics. Petrol stations, 
garages servicing cars and tractors, and ports areas are some 
of the major points of soil pollution. 

This PhD project, begun in 2008, aims to:

■ characterise the physico-chemical, biological and petroleum 
hydrocarbons in contaminated soils, focusing on diesel and 
lubricating oils

■ determine bioavailability based on chemical extractions 
and toxicological analysis (soil enzymatic activities, seed 
germination, earthworm survival, microbial bioluminescence, 
Daphnia survival)

■ isolate microbial cultures able to degrade hydrocarbons 
■ identify catabolic genes responsible for the degrading of 

alkanes and BTEX compounds
■ determine the effect of adding nutrients like nitrogen 

and phosphorus, or augmenting with isolated microbial 
cultures to enhance the bioremediation of hydrocarbons in 
contaminated soils

■ to develop bioremediation technology, and
■ develop ecological safe limits for contamination by 

petroleum hydrocarbons.

The research completed so far in this project has shown that the 
used oils from motor vehicles are more toxic than the respective 
fresh oils to ecosystem functioning.

(Partner: UniSA)

Principle of the permeable reactive barrier

Contaminant 
plume
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6.  Control of aggregate structure, settling and 
dewatering in mineral tailings

Mining accounts for 3% of Australia’s total water 
use, so water savings of a few percent in mineral 
processing can represent large amounts.

Mineral processing typically needs 0.4–0.6 tonnes 
of fresh water, or 500 litres, for every tonne of ore 
ground. It is estimated that the world produces 
more than 10 billion tonnes of tailings waste every 
year, typically 60–95% water. However, it is widely 
recognised that the processes used to separate 
liquids from solids are low in efficiency. This also 
means very large disposal landfill sites are needed.

Tailing streams with kaolinite (clays) contain 
loose, water-holding materials which results in 
slow settling rates and poor sediment density. 
By applying ultrasonic energy to a tailings stream 
before the thickener, these loose structures can 
be re-arranged into denser forms that retain less 
liquid, enabling water savings. The principle of this 
treatment is like shaking a jar full of flour, which 
causes the flour to compact down.

The subsequent use of flocculants enables these 
new denser materials to settle 40% faster, but no 
further water is saved at this stage of the process. 
This project set out to determine whether ultrasonic 
energy applied after flocculant addition could 
compact the waste materials further and thus 
release more water. 

By analysing scanning electron microscope (cryo-
SEM) images, it was found that large amounts of 
water were still locked in a honeycomb structure. 
Traditional ‘raking’ was found to break down the 
honeycomb structure into smaller self-supporting 

structures, but these still trapped a large amount of 
water. 

The breakthrough for this research and its new 
contribution to mineral processing was the finding 
that ultrasonics could help release more water from 
these closed structures.

The results showed that this amended process 
increased the density of output from the thickener 
process by 4% (by weight). This new treatment will 
increase water recovery at just one of Rio Tinto’s 
mines by 436ML/year, worth $5.57million per year 
to the company. Its location in the water-stressed 
Murray-Darling Basin adds extra significance to 
these results. 

(Partners: UniSA, Rio Tinto)

7.  bridging maths and chemistry in sensor 
development

Strong interaction among metal ions and sensor 
electrodes can generate signal interference that 
is difficult to compensate for. CRC CARE PhD 
student Liang Wang, based at the Mawson 
Lakes campus of UniSA, has developed a new 
pattern recognition algorithm that overcomes the 
interference from copper, calcium and chloride 
ions to sensors designed to monitor levels of lead, 
cadmium and other metal contaminants.

The new software gives environmental managers 
a clearer picture of what compounds are present 
and in what concentrations. It also represents a 3-9 
fold improvement in accuracy over standard sensor 
arrays now in common use.

(Partner: UniSA)

New pattern recognition software by CRC CARE has greatly increased the 
accuracy of metal contaminant sensors.

non-target 
compounds 
interfere with 
sensor signal

use of 
CRC CARE
pattern 
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clear signal
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processing

distorted signal
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environmental
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PROgRAM 3: 
PREvENTION TECHNOlOgIES

Associate Professor 
Enzo Lombi,
Program Leader

PROgRAM OvERvIEw

The background and rationale of the Prevention Technologies 
Program stems from three key needs of modern society and 
related pressure on the environment. These needs are:

■ the need for environmentally sound and safe management, 
reuse and disposal of wastes

■ the increasing potential value of recycled nutrients in 
agriculture, and 

■ the need to reduce the impact of soil degradation and 
contamination processes.

The program aims to explore, assess and test innovative 
approaches for the characterisation, reutilisation and 
management of various wastes. In particular it focuses on 
how municipal, industrial and agricultural waste material can 

be treated and safely used on land with environmental and 
agronomic benefits. The program takes into account the groups 
of wastes and potential contaminants that pose major problems 
in Australia. Major technical goals include:

■ techniques for characterising waste materials for re-use
■ development of new techniques for assessing and 

applying wastes to maximise value and avoid subsequent 
contamination

■ modification of contaminated soils and wastes by coupling 
bioremediation and immobilisation so as to avoid adverse 
effects

■ manufacture of slow-release nutrient-rich artificial soils from 
municipal and industrial wastes, and

■ techniques for the large scale application of wastes to land 
to enhance crop production.

The program thus engages with various stakeholders including 
municipalities, manufacturing and mining industries, agriculture, 
environmental agencies and the public.

One challenge for research in this area is the diversity of 
issues and materials involved. In addition, the nature of wastes 
themselves is challenging as it is highly heterogeneous at 
various scales and over time.

The practice of recycling is increasing in Australia, as the table 
on page 41 indicates. However, the amount of waste generated 
per person also continues to rise, with a 32% increase from 
1997-2003. This is at a time when Australia has one of the 
highest population growth rates in the developed world. Clearly 
this is an unsustainable direction, and needs to be reversed. The 
amount of e-waste in discarded materials also continues to rise, 
and represents a significant challenge for authorities and the 
community.

Growing cowpea seedlings in simple nutrient solutions 
to investigate the multiple toxic effects of salinity on 
plant growth.
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Waste generation, selected indicators 

1996-97  
tonnes

2002-03  
tonnes

Percentage change  
from 1996-97 to 2002-03

Waste to landfill 21,220,500 17,423,000 -18

Waste recycled 1,528,000 14,959,000 879

Waste generation 22,748,500 32,382,000 42

Waste to landfill per person 1.15 0.87 -24

Waste to landfill per $m GDP 41.76 23.47 -44

Waste generation per person 1.23 1.62 32

Waste generation per $m GDP 44.77 44.07 -2

Recycling per person 0.08 0.75 838

Recycling per $m GDP 3 20.37 579

Source: Department of the Environment and Heritage, February 2006, Submission to the Productivity Commission 
Inquiry into Waste Generation and Resource Efficiency

The account of work being conducted in the 
Prevention Technologies Program in this annual 
report differs from earlier years, in that related 
CRC CARE research underway in China is now 
presented in the China Program section.

PROgRAM HIgHlIgHTS

■ re-use of industrial waste and domestic waste 
as nutrient sources

■ questions raised on the biotic ligand model for 
predicting metal toxicity 

■ new findings indicate changes needed in metal 
phytoavailability assessment 

■ evaluation of heavy metal tolerance in grass 
species

■ influence of salinity and sodicity on reuse of 
waste materials 

■ investigation and optimisation of metal 
immobilisation in biosolids.

Professor Dick Haynes examining rice plants grown 
with different waste materials as silicon fertiliser 
sources.
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PlAIN ENglISH SuMMARy Of PROjECTS

Cleaning dairy discharges 
(Dr Graeme Allinson) 
Food processing, especially of dairy products, produces large 
volumes of organic waste in quite salty water. To prevent this 
harming the environment requires a biological treatment system 
capable of tolerating saline water while breaking down the 
organic wastes and stripping out their nutrients. CRC CARE has 
undertaken a preliminary study on the feasibility of using Arundo 
donax in the development of such a system. The findings from 
this research indicate that further investigation is justified.

Adding value to waste 
(Professor Dick Haynes)
Industrialised societies everywhere are increasingly challenged 
by the problem of waste generation and disposal. This 
groundbreaking CRC CARE project is investigating a range of 
common industrial and domestic bulk wastes and exploring 
how they can be processed and recombined intelligently to 
make useful, valuable and environmentally sound products. The 
wastes include coal fly-ash, red mud, various slags, sewage 
sludge, cheese-making effluent, manures and green waste 
which by various processes can potentially be converted into 
soil improvers, landscaping soils, construction materials and 
adsorbants of heavy metal contaminants.

New uses for old sands 
(Dr Gary Owens) 
Metal industries use millions of tonnes of sand every year for 
casting and, eventually, a proportion of these sands become 
‘spent’ (and potentially contaminated by the organic chemicals 
used to bind them) and are usually disposed of to landfill. This
method of disposal is becoming costly and may soon be 
prohibited in any case. This project has carried out a worldwide 
search for the latest ideas on safe, value-added re-uses for old 
foundry sands, and a report is in preparation.

benign biosolids 
(Associate Professor Enzo Lombi)
Modern cities produce immense quantities of biosolids as a 
byproduct of water or sewage treatment: Australia and NZ 
together generate about a third of a million tonnes a year. These 
biosolids are potentially valuable as organic soil improvers – but 
are often contaminated by toxic heavy metals, which preclude 
their use. In this project CRC CARE is investigating the complex 
chemical processes by which metals are fixed and released in 
biosolids, with a view to developing products which are safe to 
use as fertilisers and soil amendments, so turning a huge waste 
problem into a valuable new resource.

greening old mines 
(Professor Neal Menzies)
Old mine sites are often contaminated by concentrations of 
metals such as copper, zinc, cadmium, nickel and lead which 
pose enduring environmental, agricultural and health risks. 
In this research CRC CARE is developing a rapid screening 
method for a wide range of pasture species, including native 
grasses, for their tolerance to these metals and ability to take 
them up. The goal is to provide mine environmental managers 
with better advice on which plants to use for re-greening and 
rehabilitating old mine sites and tailings dumps.

Influence of salinity and sodicity on reuse of waste 
materials 
(Dr Peter Kopittke/Professor Neal Menzies)
The application of wastes that are potentially hazardous to 
humans and/or the environment to land is an increasingly 
popular method of waste disposal as it potentially diverts 
prescribed wastes from landfill. In addition, careful application of 
waste to land can avoid the direct contamination of waterways 
and may result in the addition of beneficial compounds/
nutrients to the soil. However, there is a need to ensure that the 
application of waste material does not result in a net change in 
the environment beyond acceptable limits. Wastes frequently 
contain excess salts, particularly sodium (Na), and hence the 
application of wastes to soil is limited by the potential adverse 
impacts of salinity.
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RESEARCH PROjECT HIgHlIgHTS

1.  Re-use of industrial waste and domestic 
waste as nutrient sources

As reported last year, this research aims to 
immobilise and/or eliminate contaminants so that 
wastes can be converted to useful products. Waste 
streams investigated include those generated 
by steel makers, mining and smelting activities, 
seafood processors and breweries. In particular, 
materials being tried as adsorbing agents for 
heavy metals in wastewater include organic waste 
(crushed tree bark, compost, filter press mud, 
shellfish waste and yeast waste), and inorganic 
waste (steel and blast furnace slag, coal fly and 
bottom ash, water treatment sludge and red mud). 

Recent results have shown that water treatment 
sludge, an inorganic waste produced in large 
amounts during the treatment of drinking water, is 
a highly effective adsorbent for heavy metals. 

Other results have shown that long-term irrigation 
of pastures with dairy factory effluent causes an 
accumulation of phosphorus and sodium in the 
soil. However, it also induces large increases in the 
size and activity of the soil microbial community. 
The fact that such activity is not affected adversely 
by this type of irrigation leaves the way open for 
further developments in the biological remediation 
of dairy wastes. 

The project is also investigating the use of organic 
wastes and clays in the revegetation of red sand 
from bauxite processing. Preliminary results in 
2009-10 demonstrated that additions of organic 
wastes such as biosolids, poultry manure and 
compost improve fertility, physical properties and 
microbial activity in bauxite processing sand. 

Finally, the project team is looking at the use of 
waste products (e.g. slags, red mud, fly ashes) 
as silicon fertiliser sources for sugarcane and 
rice production. Blast furnace slags have been 
shown to be particularly effective sources of silicon 
fertiliser.

Altogether the project has generated twelve 
research publications so far. The project has 
recently received approval for an extension until the 
end of the present term of the CRC.

(Partner: UQ)

2.  Questions raised on the biotic ligand model 
for predicting metal toxicity 

When developing guidelines or assessing 
risk, regulatory authorities and environmental 
practitioners require an understanding of the 
interactions between solution composition and 
metal concentration. 

Currently, the biotic ligand model (BLM) is generally 
regarded as the best way of predicting metal 
toxicity, and as a result has been incorporated into 
the U.S. regulatory guidelines (U.S. Environmental 
Protection Agency 2007). It is also gaining 
acceptance in regulatory agencies in Europe and 
other parts of the world including Australia.

Although initially developed for aquatic systems, 
the BLM has been extended to terrestrial 
environments, including plants. However, this 
project is providing evidence that the underlying 
assumptions of the BLM (as widely incorporated 
into government policy) may possibly be incorrect, 
and rather, that contaminant bioavailability may 
depend upon the electrostatic properties of roots. 

This research will have direct importance in 
the development of the terrestrial BLM which 
is currently being integrated into regulatory 
frameworks in Australia and elsewhere. It will also 
have other important implications for nutrient 
pollution and soil acidification which are major 
agricultural and environmental problems costing 
Australia billions of dollars each year.

(Partner: UQ)

3.  New findings indicate changes needed in 
metal phytoavailability assessment 

The accurate estimation of the phytoavailability 
(availability to plants) of trace metals in soils and 
solid wastes is important in assessing their risk to 
the environment. 

In this project a large dataset consisting of 
5700 individual data points was taken from the 
literature, and the effectiveness of various chemical 
extractants to predict the phytoavailability of Cd, 
Zn, Ni, Cu, and Pb examined across a range of soil 
types and contamination levels. 
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The data suggest that generally, the total soil trace metal 
content, and trace metal concentrations determined by 
complexing agents (such as the widely used DTPA and EDTA 
extractants) or acid extractants (such as 0.1 M HCl and 
the Mehlich extractants) are only poorly correlated to plant 
phytoavailability. 

Further, even though it would appear that neutral salt extractants 
(such as 0.01 M CaCl2, 0.1 M NaNO3, and 1.0 M NH4OAc) 
provide a better indication of metal phytoavailability across 
the range of metals of interest, trace metal concentrations 
determined by these neutral salt extractants was also only 
poorly correlated to plant phytoavailability in most instances. 

The data analysed thus indicate that none of the commonly 
used chemical extractants can be used to consistently predict 
availability of trace metals to plants. This finding has important 
implications for mining and other organisations seeking to 
revegetate land contaminated by waste dumping, spills, or other 
industrial or extractive activity. 

(Partner: UQ)

4.  Evaluation of heavy metal tolerance in grass species

Old mine and mineral processing sites are often contaminated 
by concentrations of metals such as copper, zinc, cadmium, 
nickel and lead. Often these metals are in significant amounts 
in stockpiles of waste material that need to be spread and 
revegetated. This research has developed a rapid screening 
method for a range of pasture species, including native grasses, 
that clarifies their tolerance to these metals and their ability to 
take them up. 

As part of this research, hyper-accumulating species and other 
plant species/genotypes differing in resistance to the heavy 
metals of interest were used to characterise the physiological 
mechanisms of resistance. Additionally, research focused on 
three tolerance mechanisms: (1) exudation of complexing agents 
into the rhizosphere, (2) binding of metals in the apoplasm and 
decreased transport into the cell, and (3) prevention of upward 
transport of metal ions into above-ground parts, as well as 
complexation with various ligands in the cell.

In the last year, draft manuscripts have been prepared for the 
large-scale sand culture experiments investigating Zn and Co 
toxicity in native and exotic grass species. Similarly, work was 
completed investigating the short-term effects of trace metals 
on root growth.

It is anticipated that the outcomes of the project will have 
direct application in the mining and refining industries, and 
to a lesser extent in agriculture. At the simplest level the 
availability of a dataset describing the sensitivity of grass 
species used in contaminated land revegetation in Australia will 
permit companies to select appropriate species for use. The 
identification of mechanisms of tolerance may provide a more 

rapid screening tool for species of interest, and may provide an 
opportunity for biotechnologists to produce plants more suited 
for use in phytoremediation. 

(Partner: UQ)

5. Influence of salinity and sodicity on re-use of waste 
materials

Salinity and sodicity are significant plant-limiting factors, 
impacting upon both environmental quality and agricultural 
production. However, despite the importance of salinity and 
sodicity in the Australian landscape, the full impact of land-
application of saline/sodic wastes on plant growth remains 
unclear.
 
A saline soil is one that contains an excess of soluble 
salts, whilst a sodic soil is one that contains an excess of 
exchangeable sodium. For salinity, the excess of soluble 
salts cause a decrease in plant growth due to the increases 
in osmotic pressure, ion toxicity, and interferences with plant 
nutrient uptake. The effect of sodicity on plant growth is largely 
due to the structural degradation as a result of soil dispersion, 
although the excess sodium may also interfere with plant 
nutrition. 

Better knowledge of the influence of the effects of salinity and 
sodicity on plant growth under local conditions would assist in 
ensuring the long-term sustainability of waste-disposal systems. 
In addition, knowing the rate at which various pasture/tree 
species can take up nutrients from typical waste steams will 
assist in the selection of appropriate plants.

An important initial finding has been that root and shoot growth 
is poorly related to the activities of cations in the bulk solution. 
Rather, the growth appears to be linked to activity at the outer 
surface of the plasma membrane. In particular, early data 
demonstrate that the short-term growth of cowpea seedlings in 
saline solutions may be limited by (i) Ca deficiency, (ii) osmotic 
effects, and (iii) specific-ion toxicities. The findings also suggest 
that K and Ca alleviate Na toxicity.

Studies will also investigate the influence of salinity on the 
toxicity of metals and their accumulation within plant tissues 
(on both a macroscopic and microscopic level). Similarly, the 
influence of excess trace metals such as Cu on salinity-induced 
growth-reductions will be investigated.

The main aims of this project, which is scheduled for completion 
in April 2012, are to:

■ evaluate the uptake rates for nutrients by pasture and 
tree species suitable for use in effluent disposal systems

■ elucidate the effects of salinity and sodicity on hydraulic 
conductivity and plant growth which constrain the 
application of effluents to land, and
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■ create a database of guidelines for setting 
up land disposal systems for use by local 
government.

(Partner: UQ) 

6.  Investigation and optimisation of metal 
immobilisation in biosolids 

In many countries landfill is still a major method 
for biosolids disposal. However, increases in 
landfill costs and in demand for fertilisers is 
likely to increase the recycling value of biosolids 
in agriculture. This project aims to develop 
optimised biosolids with decreased risks in terms 
of contaminant bioavailability, and assist with the 
disposal of water treatment residuals. 

The research, making use of synchrotron analysis, 
will:

■ compare sludges produced through different 
wastewater treatment systems, and investigate 
the nature of oxides present and their role as 
sorbents

■ investigate options for more controlled reaction 
of oxides in sludge to produce optimised metal 
and P retention and fixation

■ assess the reversibility of fixation in currently 
produced biosolids and in optimised biosolids, 
and 

■ assess the nutrient availability over time as a 
result of metal fixation optimisation.

Sewage sludge samples have now been collected 
from over 40 Australian wastewater treatment 
plants in all states and territories, urban and rural, 
as well as from the USA and the UK.

Isotopic and synchrotron-based techniques have 
been employed to understand the speciation 
and distribution processes controlling metal 
bioavailability in biosolids.

The main aim of this research, due to be completed 
in June 2012, is to open the door to safer 
agricultural use of nutrients derived from biosolids. 
The work will also identify new avenues for the safe 
reuse of industrial wastes such as water treatment 
residuals.
 
(Partner: UniSA)

A Synchrotron micro-XRF map (4x4mm) of the 
distribution of Cu (green), Fe (blue) and Zn (red) in a 
thin section of biosolid. The image was collected at the 
XFM beamline of the Australian Synchrotron.
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PROgRAM 4: SOCIAl, lEgAl, 
POlICy & ECONOMIC ISSuES

Dr Roel Plant,
Program Leader

PROgRAM OvERvIEw 

A clean and healthy environment is critical to sustaining both 
nature and people’s needs. However, remediation science 
and technology are only part of the solution to problems of 
contamination.  Indeed, some believe science to be part of the 
problem, rather than a means to its solution. Finding remediation 
solutions for stakeholders that balance their financial and  
environmental needs is a key objective of the CRC. 

Barriers to community engagement and industry and policy 
action take several forms:

■ Lack of knowledge about social perceptions of the 
remediation of contaminated land. Perceptions about 
the impact of contamination on human health and on the 
environment and perceptions regarding land value can 
be central to successful management of contaminated 
sites. Unfortunately, social processes associated with 
contaminated land are poorly understood. Yet the social 
impacts of contaminants and site contamination are 
commonly serious issues of concern within communities 
and regulatory bodies. Innovative social research can 
encourage improved frameworks for remediation and 
prevention of contamination. 

■ Lack of incentives for companies to begin assessing 
contaminated sites and, when appropriate, reclaim 
them. In other parts of the world, but not yet in Australia, 
governments have introduced incentive-based mechanisms 
designed to boost industry investment in site clean-up and 
redevelopment. There is, for example, considerable scope 
for the introduction of tradeable pollution right mechanisms, 
offset schemes, cost- and risk-sharing innovations, 
security deposits, and tax incentives. One of the greatest 
impediments to private sector involvement in site clean-up 
is that rehabilitated land is still stigmatised, leading to lower 
land prices and market failure.

 
■ Legal impediments to the acquisition and treatment of 

contaminated sites. Land contamination also presents 
a significant challenge to the Australian legal profession. 
Typically, legal practitioners retained by a company and the 
judiciary have had little contact with this highly specialised 
area. Therefore, companies can be reluctant to deal 
with contamination issues. These barriers to adoption of 
technologies are worsened by corporate fears of expensive 
and uncertain judicial processes. As a result, there are 
significant opportunities to work closely with the legal and 
regulatory bodies to develop legislative approaches and 
increase knowledge about social constraints and good 
planning practice amongst legal practitioners and regulators. 

The main aim of this program is to obtain a better understanding 
of the social, legal and economic factors that are important 
in development and uptake of management and remediation 
strategies for environmental contamination. This will include 
developing an understanding of:

■ the social factors, perceptions and impact on human health 
and market values of contamination, including effects 
from the perspective of the polluter, owner occupier and 
vendor, purchaser and user, regulatory groups, and those 
involved in the sale and transfer of land such as the financial 
institutions, legal practitioners, consultants and remediation 
contractors, and

 
■ the legal implications and liability that attaches to 

contamination and how this may be avoided, including 
the possible application of alternative contractual 
arrangements, risk sharing arrangements, and judiciary 
workshops. 
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This Program therefore seeks to increase 
community and industry’s ability and readiness 
to engage with contamination issues leading to 
increased uptake of contaminated land assessment 
technologies and remedial activity.

The Social, Legal, Policy and Economic Issues 
Program has two subprograms:

1.  Socio-economic issues, including community 
perceptions and acceptance

2.  Legal and policy frameworks.

PROgRAM HIgHlIgHTS

During 2009-10, the Program made excellent 
progress in several areas:

■ completion of innovative empirical social 
research on community perspectives on 
contaminated land, in particular on the issue 
of in-situ remediation. The project investigated 
two remediation case studies in New South 
Wales, and the findings have generated strong 
interest from regulators around Australia 

■ publication of ‘Engaging the community: 
a handbook for professionals managing 
contaminated land’, based on best practice 
examples from around the world

■ further development of a substantial directory 
of laws, regulations, policies and guidelines 
concerning site contamination in Australia and 
overseas. New information continues to be 
published online in the Contaminated Sites Law 
& Policy Directory (CSL&PD): www.cslawpolicy.
com

■ commencement of a new research project 
on the institutional dimensions that currently 
govern remediation decisions, aiming to 
elucidate how the goals of the remediators and 
the views of stakeholders interact to produce 
decisions. The project has three Australian and 
two international case studies and will deliver 
guidance on best practice decision-making for 
value-based land remediation

■ commencement of two CRC CARE-funded 
PhD research projects.

CRC CARE has released a handbook for remediation industry practitioners on managing 
public consultation, providing practitioner perspectives and practical guidance through the 
various stages of community engagement.
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building consensus about contamination 
(Professor Simon Pollard)
Many communities feel isolated and suspicious of decisions 
taken by authorities about the management of contamination in 
their locality. At the same time researchers and environmental 
managers often feel the community is unscientific and emotive 
in its approach. This research is developing better forms of 
community communication, consultation and engagement in 
decisions about contaminated land as well as practical tools and 
guidance for managers.

Australian community perspectives on contamination 
and clean-up 
(Dr Jason Prior)
This research describes, for the first time, the real perceptions 
and attitudes of the Australian community towards 
contamination and measures taken for its remediation. In 
particular it focuses on situations where contaminants are 
not removed from the local area but are treated on-site. 
Engaging with a wide range of community, government and 
non-government bodies, the research seeks to define the 
social, cultural and psychological factors that define community 
perceptions on contamination and clean-up.

value-based land remediation 
(Dr Roel Plant)
Remediation in Australia is driven mainly by development needs 
and public health concerns. Other countries are developing 
broader policy or regulatory frameworks in which to base clean-
up decisions. This research compares the Australian institutional 
context with others in the Asia-Pacific, especially how public and 
private parties interact formally and informally with regulators. 
It explores cases where decision making about contaminated 
land might reflect broader social, environmental and economic 
values.

Contaminated Sites law and Policy Directory – 
Australia 
(David Cole)
Law and policy about site contamination identification, 
investigation and clean-up share some common themes across 
Australian jurisdictions, but state and territory legislation and 
implementation can vary. This project has contributed to a state-
of-the-art online directory summarising contaminated sites law 
and policy in Australia. It also addresses the nationally agreed 
standards and directions to site contamination assessment 
and remediation that have been adopted by the different 
Australian jurisdictions with a view to introducing some national 
consistency into the issue.

International approaches to site contamination law and 
policy 
(Professor Rob Fowler)
CRC CARE is conducting a ground-breaking international 
study of legal and policy approaches to contaminated sites in 
15 jurisdictions in Europe and North America, with particular 
emphasis on identifying innovative and advanced approaches 
which may be of value in Australia or other countries 
contemplating new law or policy on site contamination. It is also 
exploring the extent to which other federal systems have been 
able to harmonise contamination law and regulation among the 
different jurisdictions.

Risk–based framework for safe on-site retention (Phase 1) 
(David Cole)
In many situations it may be most sensible to keep 
contaminants on site, even though they exceed the 
recommended limits. However, current regulations vary widely 
across Australia and do not offer clear guidance. This study 
surveys the regulations and current practice surrounding 
safe on-site retention of contaminants. It aims to define the 
institutional and legal arrangements necessary to ensure 
effective long-term management of sites, and the degree of 
finality in decisions which allow retention of contaminants.

Risk–based framework for safe on-site retention (Phase 2) 
(Dr Peter Nadebaum)
In cases where the destruction or removal of contaminants 
from a site is not possible, it is common that they are allowed to 
remain with appropriate controls. There is a widely recognised 
need for clear rules about when this is safe and can be 
accepted. This research develops risk criteria for deciding 
if retention is appropriate, explores long-term regulatory 
arrangements for managing sites where contaminants are 
retained and considers ways to manage the risks and their 
perception by future stakeholders.

Contaminated Sites law and Policy Directory – Asia-
Pacific 
(Wil van Deur)
This project identifies and surveys countries in the Asia-Pacific 
region that have a law and policy framework in place to manage 
site contamination, namely Japan, South Korea, Singapore, 
Taiwan and Hong Kong. This information will be included on 
the Contaminated Sites Law and Policy Directory. A number of 
countries within the region that do not appear to have specific 
legislation (China, India, Malaysia, Vietnam, Indonesia) were 
also reviewed to ascertain whether or not the management of 
site contamination was addressed through other legislative or 
administrative mechanisms. 
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RESEARCH PROjECT HIgHlIgHTS 

1.  Community attitudes to in-situ management 
of contaminated sites

The local and broader community have a legitimate 
interest in how government and public agencies, 
industry and commercial stakeholders manage 
the contamination at sites affecting them, as well 
as how they plan, manage and undertake their 
eventual remediation and reuse. Exploring and 
understanding the ways in which community 
members think and feel about the issue is therefore 
critically important.

However, studies exploring community feelings, 
perceptions and attitudes to land contamination 
and its remediation within the Australian context 
are extremely limited. This research project was 
designed to address this gap, responding to the 
need expressed by regulators, site managers 
and other practitioners in the contaminated 
lands industry for a better understanding of how 
Australian communities perceive and experience 
contaminated land and its remediation.

The research focused on two case study sites, 
both in New South Wales, Australia: the Botany 
Area and the North Lake Macquarie Area. The case 
study site in the Botany Area consists of the Botany 
Industrial Park and adjoining Southlands site, and 
the case study site in the North Lake Macquarie 
Area consists of the adjoining industrial sites of 
Pasminco Metal Sulphide Ltd and Incitec Pivot 
Cockle Creek. 

Amongst the findings from both locations is that 
residents rated information from the government, 
the remediators and other private companies as 
less trustworthy than information from community 
and environmental groups or local councils. 
Indeed, a (perceived) poor quality and quantity of 
the information received appears to have amplified 
levels of distrust. These findings are in line with 
other international studies.

The project was completed in 2010, and is due to 
be published as a CRC report in 2010-11. Some 
journal papers have already appeared.

(Partner: UTS)

2.  Risk-based framework for safe on-site 
retention of contaminants (Phase 2) 

The CRC’s work has demonstrated the need 
for a formal process to determine the precise 
circumstances under which contamination can be 
retained on a site at concentrations in excess of 
published guidelines. 

At present, different regulatory arrangements apply 
across Australia for this situation, and generally 
they do not explicitly provide guidance other than 
at a broad level. 

Particular issues in this respect include:

■ the appropriateness of the decisions being 
made by environmental auditors and 
environmental agencies to determine the 
acceptability of proposals for on-site retention 
of contaminants, and

■ the nature of longer-term administrative 
arrangements for such sites.

This work aims to develop a risk assessment 
method to assist in determining acceptable 
approaches to this issue, with selected Australian 
sites considered as case examples. Case examples 
included a gasworks park, and gas analysis from 
a landfill. The analysis involved using a framework 
consideration, for each site, involving ‘boundary, 
pathway, receptor, impact, likelihood, consequence 
and risk’, with scope to record observations 
relevant to assigning risk. 

A draft report completed in 2009 was under review 
during the year, and a final revised version is 
expected in late 2010.

(Partner: UniSA, GHD Pty Ltd)

3.  Guidance on community consultation 

International experience tends to show that 
poor quality consultation with local communities 
over issues concerning the quality of their 
local environment, especially where there are 
perceptions of health risk, can seriously affect 
the chances of constructive agreement between 
the main parties. A ‘decide-announce-defend’ 
approach is increasingly seen as inadequate, 
and risking an expensive chain of repeated legal 
challenges and delays.
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A handbook for remediation industry practitioners on how to 
manage public consultation was flagged in last year’s annual 
report. Following a review workshop in September 2009, 
the publication ‘Engaging the community: a handbook for 
professionals managing contaminated land’ was finalised and 
printed, with hardcopies available either through workshop 
attendance or by purchasing through the CRC CARE website. 

The 90-page document is in five parts, dealing with:

1.  Principles of community engagement – ten are presented 
and discussed

2. International best practice in risk communication – examples 
are taken from the UK, the USA, Canada and Europe

3.  Procedures expected under Australian law in various 
jurisdictions, and assistance and materials offered in support

4.  Australian case studies with both good and poor outcomes
5.  A structural framework for involving the public in 

environmental decision making.

The aim of the handbook is not to replace existing guidelines, 
standards or codes, but to complement them by providing 
practitioner perspectives and practical guidance through 
each stage of community engagement. Methods are provided 
that enhance learning skills, confidence and professional 
development, and encourage organisational involvement in 
effective risk communication. Reference is also made to the 
research and practitioner literature and to other more general 
sources of guidance on effective community consultation.

The readership of this guide is expected to include:

■ state and local authority officers, site planners and 
environment agencies

■ land owners, environmental consultants, contractors
■ others involved in the management of contaminated sites.

Three training workshops have been held so far, and the CRC is 
responding to a request to run them in New Zealand.

(Partner: UniSA and Cranfield University, UK)

4.  Review of contaminated sites law and policy in selected 
international jurisdictions 

Consultant engineers and other parties involved in the 
assessment and clean-up of contaminated sites have long 
needed a comprehensive and easily accessible information 
resource in the complex area of contaminated sites law and 
policy. One component of this project was to produce a 
complete description of current site contamination law and 
policy in each Australian state and territory, including the 
Commonwealth and at the national level (NEPM). The second 
component comprises a survey of site contamination law, policy 
and administrative practice in selected North American and 
European countries and of countries in the Asia Pacific region.

The Australian information was placed on the Law and Policy 
Directory (www.cslawpolicy.com) website during 2008-09. The 
surveys for Singapore and Hong Kong were included during 
2009-10. The Directory’s main features are:

■ an outline of legislation, guidelines and other material 
from selected jurisdictions relevant to contaminated site 
management

■ an overview of government policies 
■ links to key legislation and documents
■ a standard template to enable comparison between 

jurisdictions.

The website will evolve to include selected jurisdictions in the 
EU, US, Canada and further countries in the Asia Pacific region.  
To date, there are more than 400 registered users. In addition, 
the Directory is listed on the EUGRIS (European Groundwater 
and Contaminated Land Information System) website, 
substantially increasing exposure to the Directory.

The need to keep this site updated regularly is a prime 
consideration in its role as an industry and regulatory resource, 
and an assessment of its commercial viability and independence 
in the long term will be made after further international content 
is added.

Recently completed research undertaken for a PhD under 
this program examined mechanisms for increasing the 
harmonisation of site contamination law using legal, institutional 
and administrative instruments in order to improve standards of 
management.

(Partner: UniSA)
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5.  The institutional dimensions of remediation 
decisions

Currently in Australia, the key drivers for 
remediation of contaminated land are (1) 
the need to safeguard public health, and (2) 
commercial development. Current regulatory 
approaches to remediation do not necessarily 
encourage regulators and industry to analyse the 
broader societal and environmental concerns 
that remediation projects can generate, or fully 
recognise the values that such concerns represent.

Elsewhere in the Asia-Pacific region, many 
countries have no specific policy or regulatory 
frameworks to drive remediation decisions 
or practices. There are opportunities in these 
countries for site remediation to be guided by 
broader development processes and institutions.

This project involves one case study in South-east 
Asia, one in the Pacific, and three in Australia. The 
project will canvas how public and private parties, 
including regulators, government agencies, civil 
society, NGOs and industry, currently interact 
in deciding on site clean-ups. The case study 
approach will provide examples of current or recent 
decision making on site remediation, and should 
cast some useful light on policy and practice in this 
regard within our region.

The work will complement two CRC CARE 
legislative reviews in Australian and Asia-Pacific 
jurisdictions (see www.cslawpolicy.com).

(Partner: UTS)

6.  Commencement of two CRC CARE-funded 
PhD research projects

Two CRC CARE-funded PhD research projects 
commenced in early 2010, both linked to the 
previously mentioned project concerned with social 
concerns and the related underlying values. 

Wil van Deur, who also leads a CRC CARE-
funded project surveying policy and law in the 
Asia-Pacific Region, is investigating the potential 
for Environmental Impact Assessment (EIA) and 
Strategic Environmental Assessment (SEA) as tools 
to improve the outcomes of decision-making about 
contaminated land. 

Richie Cuskelly, who completed his Honours 
thesis in 2009 as part of the CRC CARE-funded 
‘Community Perspectives’ project, is investigating 
the extent to which the principles of sustainable 
development are reflected in decision making for 
remediation.

Both PhD students are participating in the 
Institute for Sustainable Futures’ trans-disciplinary 
postgraduate program at the University of 
Technology, Sydney.

(Partner: UTS)
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NATIONAl CONTAMINATED SITES 
DEMONSTRATION PROgRAM 
(NCSDP)

Professor Ravi Naidu,
NCSDP Coordinator 

PROgRAM OvERvIEw

The National Contaminated Sites Demonstration Program 
(NCSDP) provides an opportunity to demonstrate integrated 
multidisciplinary solutions to complex land, groundwater and 
air contamination problems and issues across Australia. It 
also provides an opportunity for scientists and consultants to 
field test and validate novel site assessment and remediation 
technologies. Demonstration projects within the program 
are sponsored by the Australian Department of Defence, the 
Australian Institute of Petroleum (AIP), ExxonMobil, Queensland 
Department of Environment and Resources Management, and 
BHP Billiton Iron Ore Pty Ltd.

The program addresses the following issues that currently 
constrain assessment and remediation of potentially 
contaminated sites:

■ monitored natural attenuation as a risk-based strategy for 
managing contaminated sites

■ source characterisation and remediation of sites 
contaminated by chlorinated hydrocarbons

■ health screening levels for sites contaminated by petroleum 
hydrocarbons 

■ impracticability end points for LNAPL remediation
■ contamination from aqueous fire-fighting foam at fire drill 

training areas, 
■ assessment and remediation of refinery sites
■ the assessment, prevention and remediation of sites 

affected by acid sulfate soils, and 
■ remediation of sites contaminated by mining operations or 

processing.

DEPARTMENT Of DEfENCE

Dr Sreenivasulu Chadalavada,
Defence Program Coordinator

The Australian Department of Defence’s environmental vision 
is to be a leader in sustainable environmental management to 
support the Australian Defence Force’s capability to defend 
Australia and its national interests. In exercising the mission the 
Department uses particular types of hazardous material in its 
operational requirements. These activities have the potential to 
cause significant damage to the environment. The Department 
recognises this issue and is committed to the principles of 
sustainable environmental management. The Department’s 
goal is sustainable use of land, groundwater and air while 
accomplishing its mission.

As stated in the Defence environmental strategic plan 2006-
09, the Department is committed to achieving environmental 
best practice and has set six policy objectives that provide 
a holistic approach to sustainable environment and heritage 
management. The first policy objective is to implement 
innovative best practice approaches to environmental 
management that achieve Defence and stakeholder 
requirements. To assist in achieving this objective the 
Department made a strategic decision to invest in CRC CARE. 
The Department of Defence Demonstration Program at CRC 
CARE focuses on both field-based investigation of potentially 
contaminated sites and the validation of innovative technologies 
developed for the assessment and remediation of contaminated 
sites. Defence currently sponsors eleven demonstration projects 
at CRC CARE, including two PhD projects.

1. Bioremediation of TCE- contaminated groundwater at 
Site-14, Edinburgh.

The objective of this project is to develop a suitable 
bioremediation technology to remediate the TCE 
(trichloroethylene)-contaminated groundwater and field 
application of the technology at Edinburgh RAAF base Site14. 
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A series of investigations conducted by CRC CARE 
reveal that TCE, cis- and trans-dichloroethylene 
(DCE), tetrachloroethylene (PCE) and chromium 
(VI) are the contaminants found in the groundwater. 
The regular monitoring results indicate that TCE is 
the main contaminant of concern. The potential risk 
of remediation was assessed, and a decision taken 
to proceed with clean-up. The project research 
identified several novel bacteria which have the 
potential to degrade the contaminants from the 
wells. Anaerobic bacteria known to dehalogenate 
chlorinated organics have also been identified. 
Overall, the identified bacteria in the wells are novel 
and have potential for TCE bioremediation at the 
site.

2. Monitored natural attenuation (MNA) of 
hydrocarbon contamination at RAAF Base 
Williamtown 

This demonstration project mainly focuses on the 
soil and groundwater contaminated with petroleum 
hydrocarbons. The important objectives of the 
project are to implement MNA as a successful 
remediation technology for both fuel farm 
areas 1 and 2, and to develop and implement 
suitable remediation technology to treat the 
TPH contaminating the source/smear zone. The 
earlier phase of this project involved subsurface 
characterisation, delineation of contamination in 
both the soil and groundwater zones, identifying 
the geochemical indicators of natural attenuation, 
and developing suitable molecular microbiological 
techniques to identify suitable microbes for the 
degradation of contaminants. To enhance the 
natural attenuation and remediate the source zone, 
a contaminant concentration bio-venting system 
has been designed and will be installed on the site.

3. AFFF contamination, monitoring tools and 
bioremediation

Aqueous film-forming foam (AFFF) is commonly 
used in operational activities by the Department of 
Defence at its various bases. The first two years of 
the project concentrated on developing analytical 
techniques for assessing the contamination and 
developing a monitoring tool. The current phase of 
the project focuses on (1) upgrading the existing 
tool and extending to soil component, (2) isolating 
and characterising the microorganisms able to 
degrade Ansulite AFFF, (3) providing scientific 
evidence for natural attenuation of Ansulite AFFF 
under realistic environmental conditions, and (4) 

developing bioremediation/natural attenuation 
technology for Ansulite AFFF so that the holding 
period can be reduced and remediated water 
recycled for further use. 

4. AFFF-impacted soils: management 
strategies 

This project demonstrates the techniques for 
immobilising toxic forms of chemicals present 
in AFFF-contaminated soils at Defence sites in 
the Northern Territory. During the first year of the 
project, the research was focused on the treatability 
studies including batch sorption and desorption 
studies, immobilisation of AFFF in synthetic as 
well as field samples and desorption of AFFF from 
treated soils. 

The research conducted was focused on assessing 
the toxicity, bioaccumulation and environmental 
health of microbiota in the treated soils and 
plant uptake studies. The results established the 
potential applicability of the adsorption material 
developed to remediate the AFFF-contaminated 
soils. The technology has been demonstrated 
at the RAAF base, Northern Territory during a 
pilot-scale trial and the post-remediation soil 
sampling analysis demonstrated its successful 
implementation. 

5. A permeable reactive barrier for treating 
TCE-contaminated groundwater at 
Edinburgh Site 9

Demonstrating a permeable reactive barrier (PRB) 
for treating TCE-contaminated groundwater at 
the proposed study area is the main focus of this 
project. During the initial phases a site conceptual 
model for a PRB was developed based on the 
existing site characterisation information and the 
treatability studies. Extensive field investigation 
studies were undertaken to characterise the 
subsurface effectively. The laboratory treatability 
studies showed that the ReMAT™ material 
is working efficiently in remediating the TCE 
contamination present in the groundwater. The 
demonstration of the remediation technology has 
been carried out by installing large diameter bore 
wells as part of trial remediation at Site 9. The 
groundwater samples collected after that showed 
a considerable decrease in the TCE concentrations 
(e.g. from 2000ppb to less than 50ppb). 
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6. Chemical oxidation and enhanced bioremediation 
treatment studies and pilot trails for Edinburgh Sites 1-3

One of the novel technologies of remediation, in-situ chemical 
oxidation and enhanced bioremediation technologies, will be 
demonstrated under this project at Edinburgh Sites 1-3. Existing 
information available indicates that the site is contaminated 
by a cocktail of contaminants including TCE. During the initial 
phase this demonstration project focused on building the site 
conceptual model with the help of further site investigation 
activities, and conducting a beck scale treatability assessment 
comprising oxidation and microcosm studies. Site investigation 
activities such as installing monitoring wells and taking soil 
samples have been completed. Upon developing the suitable 
methodology at lab scale, the technology will be demonstrated 
on a pilot scale at the study area.

7. AFFF wastewater remediation, RAAF Edinburgh, SA

As previously discussed, the technology to treat areas affected 
by aqueous film-forming foam (AFFF) developed by CRC CARE 
involves the use of modified clay with a high surface area and 
very high capacity to immobilise the key active ingredients in fire-
fighting foam. Within the Department of Defence, the primary 
application of AFFF fire suppression systems is in the facilities 
that house fuelled aircraft.

Some AFFF formulations contain a class of chemicals known as 
perfluoro chemicals (PFCs) namely PFOS and PFOA. Perfluoro 
chemicals are stable chemicals that do not change or break 
down in the environment, or in living things. As a result, these 
recalcitrant chemicals accumulate in soil, sediments, water 
and plants. The Department of Defence has invited CRC CARE 
to remediate the AFFF-contaminated pond water situated at 
RAAF Edinburgh as part of technology demonstration trials. 
CRC CARE has designed a pilot-scale unit in collaboration with 
Soil and Groundwater Consulting Pty Ltd for remediation of the 

AFFF wastewater. This technology has been demonstrated at 
field scale for a pond at RAAF Edinburgh. The effluent samples 
analysis did not show any trace of contamination and all the 
results showed as below detection limits.

8.  Development and assessment of modified natural clay 
materials for the management of hazardous chemicals

Natural materials such as clays are a relatively inexpensive 
resource with extensive deposits in Australia. High surface area, 
ion exchange properties and their proven long-term stability in 
the environment make clays attractive candidates to be further 
developed as sorbent materials for chemical warfare agents 
(CWs) which are becoming more likely to be encountered in 
modern military operations and terrorist incidents in urban areas. 

The effective strategy for CWs management is to immobilise 
and then degrade them to harmless products. Clays combined 
with well distributed nano-sized catalysts or with enzymes on 
a modified clay surface make these novel materials ideal for 
immobilising and degrading a series of such contaminants. This 
project will target these specific issues through fundamental and 
applied research, and is expected to generate commercial IP. 

9.  Development of a guidance document for permeable 
reactive barriers

This project will develop a user-friendly technical guidance 
document for PRBs that can be referenced at all stakeholder 
levels, including industry leaders, regulators, consultants and 
community groups. 

The stand-alone document will provide a framework to inform 
and educate on PRBs and their use at contaminated sites, and 
include specific guidance on suitability assessment, design, 
operation, monitoring and decommissioning. 

A pilot scale trial at the RAAF base in Northern Territory tested the potential 
applicability of adsorption material developed to remediate AFFF-contaminated soils.
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10. A modular vapour intrusion model in the 
unsaturated subsurface conditions for 
effective management and remediation of a 
potentially contaminated site

Organic compounds undergo a series of 
complex processes resulting in different fate 
and distribution of volatiles depending on the 
nature of mineral and organic material in the 
soil. Attenuation in the subsurface may involve 
sorption processes, aerobic and anaerobic 
biodegradations, and co-metabolism processes. 

This PhD project aims to advance the existing 
Johnson and Ettinger vapour intrusion model 
(J&E model 1991), in particular via incorporating 
intrinsic degradations and impact of spatial and 
temporal variability of humidity and temperature. 
The research focuses on laboratory and field 
investigation to produce generic factors for 
attenuation of chlorinated solvents. 

11. Chemical stabilisation of metal 
contaminants in shooting range soils

Significant amounts of metal contaminants 
including lead (Pb) accumulate in shooting range 
soils due to deposition of Pb-based bullets. Lead-
based ammunition deposited in the soil is subject 
to weathering, and metallic Pb is oxidised to 
secondary minerals which over time may dissolve, 
releasing Pb into the soil. In addition to Pb other 
metals present in the bullets including Sb, As, Cu, 
Ni and Zn may also accumulate at elevated levels 
in the soil. 

This PhD project seeks to identify the most 
effective chemical amendments across a range 
of conditions for the multiple contaminants in 
shooting range soils, including amendments not yet 
tested. The research will examine reaction kinetics 
of amendments under a range of conditions to 
determine the long-term stability of contaminants 
by identifying the form of the stabilised metals, 
testing bioavailability by PBET, performing long 
term incubation studies and conducting leaching 
tests.

PETROlEuM PROgRAM

ExxONMObIl PROjECT AT PORT 
STANvAC, SA

Dr Prashant 
Srivastava, 
Petroleum Program 
Coordinator 

The Port Stanvac project was initiated to assess 
contamination and risk-based management options 
for the now disused Port Stanvac oil refinery site on 
the coast south of Adelaide. The primary concern 
at the site is the risk from petroleum hydrocarbon 
contamination and the threat this represents to 
people and local ecosystems.

The Port Stanvac project began in October 2007 
when the CRC brought together researchers and 
consultants from the Centre for Environmental Risk 
Assessment and Remediation (CERAR, UniSA), 
Coffey Environments Pty Ltd and Flinders University 
to undertake contaminant characterisation and 
develop risk-based management options for the 
refinery site. 

Research activities in relation to the project were 
originally proposed to cover three areas with seven 
phases of work in each. Based on the research 
findings, the scope of the project was revised and 
the ex-situ and in-situ bioremediation experiments 
have now been combined together. 

1. Wharf road/foreshore/ballast tank farm, 
where findings will be relevant to any decision 
to use enhanced monitored natural attenuation 
for the remediation of groundwater, as well 
as in the application of a ‘clean-up to extent 
practicable’ strategy. The contaminant source, 
nature and occurrence need to be understood, 
together with the hydro-geological conditions 
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and the effect of the ‘salt water wedge’. A detailed hydro-
geological model summarising the findings of completed 
field work has been completed. So far, phases 1 and 2 have 
been completed. Research work under phase 5 is currently 
being undertaken. Other phases of the project have now 
been scrapped. 

2. Ex situ soil bioremediation cell – The site has a large 
volume of soil stockpiled that may require treatment. 
Bioremediation will be assessed as a treatment option 
for hydrocarbon-contaminated soil, using the existing 
infrastructure on the site. So far, phases 1 and 2 have been 
completed. Research work under phase 5 is currently being 
undertaken. Other phases of the project have now been 
scrapped. 

3. In situ bioremediation plot – An assessment of the 
extent and severity of contamination around a selected 
location was undertaken and, following contaminant 
characterisation, strategies were developed for in-situ soil 
remediation. It was envisaged that these strategies might 
also be applied at other locations on the site. However, 
due to the similar nature of the research to the ex-situ 
bioremediation the scope has now been combined with the 
ex-situ bioremediation. So far, phases 1 and 2 have been 
completed. Research work under phase 5 is currently being 
undertaken. Other phases of the project have now been 
scrapped. 

The main outcome of the project will be to recommend a 
remediation strategy to eventually allow industrial re-use of the 
land according to SA EPA guidelines. Since the project scope 
has been revised, the project is now scheduled to be completed 
in May 2011. 

AuSTRAlIAN INSTITuTE Of PETROlEuM

The overarching goal of the partnership between the Australian 
Institute of Petroleum (AIP) and CRC CARE is to improve the 
effectiveness of expenditure on site contamination issues by 
the AIP member companies and other parties responsible for 
assessment and management of petroleum contamination. 
Collectively, AIP members invest a significant amount into the 
assessment, remediation and management of contaminated 
sites every year.

It is important both for the AIP members and for the community 
and the environment as a whole that this investment is 
appropriately targeted, through a clear understanding and 
assessment of risks, and that works conducted are effectively 
undertaken through proper selection and application of 
appropriate procedures and technologies.

Even a small increase in the cost-effectiveness of works 
undertaken, through improved efficiencies and avoidance of 
unnecessary or inappropriate works, can represent a significant 
saving and permit greater environmental benefit from the 
allocation of AIP member resources, significantly enhancing 
triple bottom line benefits.

This key goal of improving effectiveness of environmental 
operations has been recognised through achievement of the 
following objectives:

1.  Development of new science and technology targeted to 
improved or enhanced site characterisation, risk assessment 
and remediation or management of petroleum-impacted 
sites. 

2.  Development of tools to assist the efficient conduct of site 
assessment and risk assessment of petroleum-impacted 
sites.

3.  Promotion of consistency in the regulatory approach to 
petroleum-contaminated sites between Australian states 
through provision of science to address contentious issues.

4.  Provision of training to industry, consultants and regulators 
to ensure site contamination issues are tackled efficiently 
with a broad awareness of best practice.

Collaborative projects under the AIP collaboration with CRC 
CARE were initiated under a Project Advisory Group (PAG) 
involving representatives of each of the major jurisdictions, the 
petroleum industry and a number of scientists and industry 
practitioners. Projects completed during this financial year or 
currently in progress are as follows:

1. Development of petroleum hydrocarbon soil and 
groundwater health screening levels (HSLs)

The project has been ongoing since 2006. Since July 2009, the 
project report has been reviewed by several international experts 
and therefore the HSLs have been revised several times. A suite 
of draft HSL documents was endorsed by the PAG in its May 
2010 meeting in Sydney. The draft documents were submitted 
to the NEPC for consideration in the revised NEPM. The suite 
of draft HSL documents published as Technical Report No. 10 
is now available on CRC CARE website. The suite currently 
consists of the following reports:

1. Summary for NEPC
2. Part 1: Technical development document
3. Part 2: Application document
4. Part 3: Sensitivity assessment

The documents will undergo a NEPM public consultation 
process during the third and fourth quarters of 2010, and 
subsequently may become part of a NEPM schedule. 

(Partner: GHD)
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2. Modelling and field assessment of vapour 
intrusion threats – review and national 
guidance

This project was initiated to review available 
models to assess petroleum hydrocarbon vapour 
intrusion, and to prepare a guidance document on 
the assessment of vapour intrusion threats. The 
guidance document was endorsed by the PAG, 
Policy Advisory Committee and Policy Committee, 
and has been published as Technical Report No. 
13, now available on CRC CARE website. The 
document has also been submitted to the NEPC 
for its possible incorporation into the revised 
NEPM. 

(Partner: CSIRO)

3. Guidance on the performance of LNAPL 
remediation

This project is aimed at developing a formative 
guidance document for assessing LNAPL 
remediation by reviewing the technical performance 
of LNAPL remediation in various settings. Gaps 
in understanding and knowledge have been 
identified, with draft guidance developed based 
on current ‘as is’ understanding. It is recognised 
that further stages of work will be required to fill 
these knowledge gaps, so a comprehensive and 
complete guidance document can be developed. 

Based on the PAG recommendation, the project 
has now been split into two parts. The first part 
addresses the review of available strategies for 
LNAPL remediation and the second part will 
address the applications of the technologies for 
LNAPL remediation. The review document has now 
been produced and is currently being reviewed 
by the technical working group. The applications 
document is currently being scoped out. 

(Partner: CSIRO)

4. Technical guidance for demonstrating 
monitored natural attenuation of petroleum 
hydrocarbons in groundwater

Many contaminants present in groundwater reduce 
over time in quantity (mass) and concentration 
through natural physical, chemical and biological 
processes. This process is commonly referred to as 
‘natural attenuation’ or NA. It has been recognised 
that NA under certain circumstances can form 
the basis of a viable remediation or management 
strategy for contaminated sites. When NA is used 
in this context, monitoring will be required to assess 
performance and to confirm that the objectives of 
remediation and management are being met. This 
process is commonly referred to as ‘monitored 
natural attenuation’ or MNA. 

The purpose of this document is to provide 
practical guidance on how to obtain an 
understanding of these natural attenuation 
processes and monitoring requirements to 
establish whether MNA is an acceptable and 
reliable remediation and/or management process 
for sites impacted by petroleum hydrocarbons.  
While these guidelines focus on petroleum 
hydrocarbons, the principles may also be applied 
to other organic contaminants subject to natural 
degradation. 

The document has undergone a rigorous review 
process and is in its final stages. The document 
will be published as a technical report, which 
may subsequently be adopted by environmental 
regulatory agencies. 

(Partner: GHD)

Biodegradation of petroleum hydrocarbon vapours

CRC for Contamination Assessment and Remediation of the Environment

G.B. Davis, B.M. Patterson and M.G. Trefry

technical
report

12no.

Health screening levels for petroleum 
hydrocarbons in soil and groundwater
Summary for NEPC 

CRC for Contamination Assessment and Remediation of the Environment

E. Friebel and P. Nadebaum

technical
report

10no.

Petroleum Vapour Model Comparison: Interim Report for CRC CARE

Review of the current international approaches 
to total petroleum hydrocarbon assessment

technical
report

8no.

CRC for Contamination Assessment and Remediation of the Environment

L. Turczynowicz and N. RobinsonTechnical impracticability of further remediation 
for LNAPL-impacted soils and aquifers

technical
report

6no.

D. Lam and P. Moritz

Petroleum vapour model comparison

G.B. Davis, M.G. Trefry and B.M. Patterson

technical
report

9no.

Characterisation of sites impacted by petroleum 
hydrocarbons
National guideline document

CRC for Contamination Assessment and Remediation of the Environment

L. Clements, T. Palaia and J. Davis

technical
report

11no.

A selection of technical reports related to the AIP component of the CRC CARE Petroleum Program.
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bHP bIllITON IRON ORE

Andrew Graham,
BHP Billiton Iron Ore Program 
Coordinator

BHP Billiton Iron Ore Pty Ltd (BHPBIO) continued to flag that 
the primary drivers for its project work with CRC CARE were 
risk management and risk minimisation in line with its overall 
corporate objective of delivering value to all stakeholders.

1.  Nelson Point groundwater and limited soil investigation

The Nelson Point groundwater and limited soil investigation 
project was established to gain an indication of the presence 
and extent of potential contaminants in the groundwater and 
the potential for them to migrate off site to the adjoining marine 
environment.

The project targeted eight priority areas within the Nelson Point 
operation and these were subjected to a specific sampling and 
analysis program. This enabled the sub-surface soil conditions, 
groundwater and contaminant status at each area to be 

effectively characterised. Overall, 59 permanent wells were 
established.

A comprehensive report detailing the findings of the soil and 
groundwater study including recommendations for future work 
was supplied to BHPBIO for approval. The project was closed 
off in June 2010 and was delivered under budget.

2. Risk ranking tool

CRC CARE developed a site ranking tool that would enable 
BHPBIO to both classify and compare its contaminated sites 
and thereby assign an order of priority in relation to their 
remediation. 

The key deliverables for this project are:

■ a software program which enables all of the contaminated 
areas within BHPBIO to be graphically represented 
according to rank, site or some other comparative 
component

■ an enhanced software program based on a Windows 
operating system which will comprise pull-down menus and 
user defined parameters, and

■ a fully market-ready software package that can be promoted 
and sold into the environmental industry and which may 
have the potential to help standardise the approach to site 
ranking further afield.

The software has undergone a number of iterations and has 
now been developed to the extent that BHPBIO are currently 
working to incorporate it into their site-wide software system 
called BIODATA. This will enable BHPBIO to have all of their 
operations people trained in the use of the risk ranking tool.

CRC CARE and BHP Billiton Iron Ore staff undertaking groundwater monitoring at Finucane Island, Port 
Hedland.
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3.  Finucane Island (FI) permeable reactive 
barrier (PRB) 

The FI PRB project was established where 
contamination of the groundwater had occurred 
due to an historic diesel leak. It was known that 
the contamination plume had been significantly 
enlarged due to major pumping activities. In 
particular, the close proximity of sensitive receptors 
(a coastal marine environment) had the potential to 
significantly increase BHPBIO’s exposure to risk. 

With a permeable reactive barrier determined 
to be the most likely strategy to succeed, the 
hydrogeology of the site was modelled and the 
groundwater characterised. A series of batch and 
column studies were also established to determine 
the ideal barrier material, and these are continuing 
to provide data on flow through, retention times, 
chemical removal and longevity of materials.

To date the column studies have indicated that the 
ReMAT™ material (a proprietary barrier product) 
that is being trialled will have a high likelihood of 
success, with the potential to remove up to 100% 
of the hydrocarbon contamination.

4. Nelson Point mixed contaminants

At Nelson Point two sites were known to contain 
significant contamination from historic operations. 
However, the close proximity of sensitive receptors 
(a coastal marine environment and people) 
represented a potential liability issue for BHPBIO 
that they flagged as requiring immediate attention. 
Furthermore, the sites could not be used for any 
other purpose until the contamination issues had 
been satisfactorily resolved.

Due to the nature of the contamination it was 
determined that the soils needed to be fully 
characterised from the outset. This work showed 
the contamination to be a complex mix of 
petroleum hydrocarbons, metals and polycyclic 
aromatic hydrocarbons. A multi-faceted research 
program comprising bioremediation, enhanced 
bioavailability, chemical oxidation and phase 
separation components was undertaken leading to 
a series of reports with recommendations for future 
work.

Whilst the research program is continuing, work is 
also being done on the likely capital and operating 
costs associated with a number of remediation 
options including the associated sensitivity 
analyses.

ACID SulfATE SOIlS AT EAST 
TRINITy

Professor
Richard Bush,
Project Leader

The CRC’s project in partnership with the 
Queensland Government at East Trinity near 
Cairns continued in 2009-10 as a highly successful 
demonstration of the remediation of a large area 
of acid sulfate soils (ASS). This work is pioneering 
technologies with application at many sites around 
the world where coastal and marsh areas have been 
drained for development, leading to the generation 
of acid when soils are exposed to air.

The acid crisis at East Trinity began in the 1970s, 
when developers installed a seawall and tidal 
gates, and drained and cleared 740 hectares of 
tidal wetland to grow sugarcane. This dried out 
underlying acid sulfate soils causing them to release 
slugs of highly acidic water as low as pH 2.5, 
causing fish kills and destruction of wetlands. In 
the first 25 years following this land development, 
an estimated 72,000 tonnes of sulfuric acid was 
released into Trinity Inlet.

Today East Trinity is a world-class demonstration 
of large-scale restoration in action. Mangroves 
and wetlands are regrowing, birdlife is returning 
and fish are now breeding in creeks that once 
ran so acid that nothing could live in them. 
Collaboration between the Queensland Department 
of Environment and Resources Management 
(DERM), CRC CARE and Southern Cross University 
(SCU) has turned East Trinity into an internationally 
renowned case study of coastal wetland remediation 
and restoration.

Specific progress in 2009-10 has involved the 
introduction of the Lime Assisted Tidal Exchange 
system into another catchment (Firewood Creek), 
continuing the progressive rehabilitation of the site. 

(Partners: SCU, DERM)
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CRC CARE CHINA PROgRAM

Dr Hui Ming, 
China Program 
Coordinator

bACkgROuND

Environmental pollution is of great concern to the people of China 
and is proving to be one of the major challenges confronting 
the country today. According to the 2009 Report on the State 
of the Environment in China, published by the Chinese Ministry 
of Environmental Protection, surface water in major rivers, lakes 
and groundwater are  heavily polluted, and coastal sea waters 
in China are also affected. Many cities were also subject to 
relatively heavy air pollution. The acid rain distribution areas in 
China remained stable but acid rain pollution was still relatively 
heavy. A large amount of industrial solid waste across the country 

was generated with very limited capacity to remediate it. Many 
instances of human poisoning have been reported during the 
past ten years in addition to many media and other published 
reports on the adverse impacts of pollutants on water quality, 
agriculture, the economy and ultimately human life.  

Recognising the need to develop cost-effective and sustainable 
technologies to assist China remediate contaminated sites 
and better manage wastes, HLM Asia Group Ltd invests 
significant cash and in-kind resources into CRC CARE to assist 
with capacity building and the development of cost-effective 
assessment and remediation technologies. 

THE RESEARCH PROjECTS

Research in China commenced following the establishment of 
CRC CARE in early 2005. Prioritisation of projects in China is 
based on the following strategies:

1. contamination severity, extent and impact on human and 
environmental health

2. land degradation impacts on people, the economy and food 
in China and other developing countries

3. focus on projects with non-commercial products especially 
those that improve human and environment health in China 
and other developing countries across the world

4. limited resource investment in projects that might lead to 
commercial outcomes, and

5. projects address CRC CARE research milestones.

Current research projects in China

Project Impacts

Sustainable management of red mud residues Impacts on land and groundwater due to 
alkalinity and reduced access for community 
water supplies. Communities are seeking 
rehabilitation.

Cost effective remedial technology for piggery 
waste 

Developing cost-effective technology with value-
adding products from pig waste to provide 
energy and fertiliser for rural communities.  

Rehabilitation of degraded land with plants for 
biomass energy 

Degraded land due to deforestation and mining 
activity can lead to further environmental impact, 
such as poor water quality. Rehabilitating such 
land with fast growing, high yield biomass can 
improve the soil and provide energy to local 
communities. The potential exists to extend this 
technology to other developing countries.
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Projects commissioned in China have a strong 
human element associated with them. Their success 
is expected to provide a cleaner environment, and 
greener, cheaper power to impoverished people. All 
the above projects address CRC CARE milestones. 
Papers and other documents arising from these 
activities are included in the list of publications at the 
end of this annual report.

Capacity building in China

During 2009-10 the CRC CARE China Program 
focused on the continuation of environmental 
remediation research. At the same time researchers 
sought to develop new areas of collaboration to 
further capacity in the program and strengthen ties 
between CRC CARE and Chinese counterparts. 

The CRC’s Education Program is the key to building 
capacity in China. PhD research has commenced in 
both China and Australia, with eight PhD students 
enrolled at the Huazhong University of Science 
and Technology (HUST) in China and six under the 
President’s Fellowship at the University of South 
Australia in Adelaide.  All current PhD research 
addresses CRC CARE milestones and focuses 
on basic research, with knowledge creation being 
the focus of all the China-based PhD research. An 
annual workshop between CRC CARE and HUST 
in China has been held successfully, and several 
research scientists from China have visited CRC 
CARE headquarters in Adelaide for research and 
collaboration. 

China CRC CARE scientists and engineers 
add value to Australian research

The research team in China includes an 
outstanding group of environmental engineers who 
have the capacity to rapidly scale up technologies 
from bench top to pilot scale. This provides a 
significant advantage to Australian scientists who 
are at the forefront of laboratory-based research 
but lack the ability to quickly scale up technologies.  
Following successful patent application of 
Australian technology, CRC CARE will engage 
its partner engineers in China to scale up our 
new technologies similar to many multinational 
companies. Exchange of staff and students under 
Chinese Government fellowship also enhances this 
program.

CRC CARE is also taking part in activities 
organised by Austrade in China regarding 
environmental management and remediation. 
Professor Naidu was invited as an Australian 
expert to address a public lecture on Australian 
environmental management and remediation in the 
Australian Pavilion at Shanghai Expo in May 2010. 
As a key member of the Australian Environmental 
Technology Group (AETG), CRC CARE is 
also involved in a range of activities related to 
environmental remediation in China, including trade 
shows, business consultation and development. 
In recognition of the CRC’s engagement in China, 
it has been nominated as a candidate for the 
Australia-China Business Award.

CRC CARE Director and Chair of the Research and Technology Committee, 
Professor Max Brennan, presents Yang Zheng with the award for best 
presentation at the Commun10 workshop held in Wuhan, China.

CRC CARE China Program collaborators and students.
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RESEARCH COllAbORATIONS

In its fifth year CRC CARE has continued to build collaborations 
in all aspects of its research program, from proposal 
development through to advisory panel assessment, research, 
demonstration sites and industry training programs.

CRC CARE’s research and demonstration nodes are distributed 
widely across Australia, with hubs in South Australia, Western 
Australia, Victoria, Queensland and New South Wales. 
Internationally it has maintained collaborations in China, the US, 
Germany, the UK, India, Switzerland, Singapore, New Zealand 
and Bangladesh.

Following BHP Billiton Iron Ore Pty Ltd and James Cook 
University joining as partners in the CRC in 2008-09, Chevron 
Australia became a partner in 2009-10. In particular, the CRC 
was very pleased that all major partners, including the Australian 
Department of Defence, were willing to join its bid for a second 
term and commit long-term funding to that end. 

The creation of the myCRC CARE website was announced in 
last year’s annual report. This is a service for all partners and 
collaborators that enables members around the nation to track 
all the events, meetings and documents associated with CRC’s 
projects and committees. The CRC can report that in 2009-10 
feedback from user groups such as the Department of Defence 
has been excellent. This new system has greatly facilitated 
communications and logistics with those CRC stakeholders 
and partners most heavily involved in the CRC’s working 
committees. It also enables documents to be readily available 
to key players whose organisations block incoming emails with 
attachments. 

The myCRC CARE members section of the CRC CARE website.

NATIONAl AND INTERNATIONAl COllAbORATION

CRC CARE maintains a program of intensive networking with 
state and national government agencies, industry bodies and 
small, medium and large enterprises to accelerate the path 
to adoption of its technologies. The CRC’s largest investing 
partners are the Australian Department of Defence, BHP Billiton 
Iron Ore Pty Ltd, and the Australian Institute of Petroleum, all of 
which have separate sections in this annual report.

Examples of productive recent collaboration with national 
organisations appear throughout this report, especially in the 
sections covering the four research programs. An overview of 
these relationships is set out in this report in the section ‘End 
user involvement and CRC impact’ on page 68.
 
INTERNATIONAl lINkS 

german partnership

New research began in 2009-10 with the German military in 
relation to the remediation of potentially contaminated sites. In 
the meantime active collaboration continues with the German 
research agency RUBIN and remediation experts Mull and 
Partners gmbh in the deployment of permeable reactive barrier 
technology for the treatment of groundwater contaminated 
with chlorinated hydrocarbons and heavy metals. The CRC’s 
Dr Chadalavada spent two weeks in Germany in June 2010 
facilitating this collaboration. 

Indian MOu

In 2009 CRC CARE and the Indian Institute of Technology, 
Kanpur (IITK) signed a memorandum of understanding to work 
together on research projects and the training of experts in 
contamination risk assessment and clean-up. IITK ranks as one 
of India’s premier research institutes and is known worldwide 
for its technological and engineering expertise. The agreement 
also offers opportunities for Australian companies specialised in 
clean-up technologies to take advantage of the rapid growth of 
the Indian market.

A second agreement is also operational, with Bharatiar 
University, India, aimed at collaboration in the development of 
novel nanomaterials for remediation. The agreement provides 
for the exchange of both staff and students. Following 
discussions in India, arrangements with the Indian Department 
of Defence are being considered for work on contaminants 
and nanosensors and nanoremediation technologies. Strong 
links with Tamil Nadu Agricultural University have also enabled 
a continuing flow of high quality graduates taking up PhD 
scholarships with CRC CARE at the University of South 
Australia.
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New Zealand partners

Researchers from Plant and Food NZ continue to 
collaborate with CRC CARE on the development of 
ways to predict the uptake by vegetable crops of 
heavy metals and other contaminants from waste-
amended soils and their risk to human health. 

uSA collaboration

Professor Suresh Rao of Purdue University, a world 
leader on groundwater remediation and on flux-
based approaches to characterising contaminant 
sources in groundwater, is a member of CRC 
CARE’s Research and Technology Committee. 
During the 2009-10 year he was made a CRC 
CARE Research Fellow.

US companies VeruTEK and Pelorus are involved 
in the CRC’s research into the use of chemical 
oxidation techniques for groundwater remediation. 

uk partners

Professor Simon Pollard, based at Cranfield 
University, UK, was the senior author on the 
CRC’s new handbook ‘Engaging the community: 
a handbook for professionals managing 
contaminated land’ which was published in 2010. 
The CRC has launched a series of workshops to 
deliver this material to industry practitioners.

CRC CARE researchers are also collaborating with 
Lancaster University for joint research into metal 
speciation in aqueous samples.

Singapore 

CRC CARE researchers and the National 
University of Singapore are working together on 
nanomaterials including the characterisation of 
clays and synthetic materials potentially used for 
wastewater and soil remediation. 

bangladesh 

The CRC is linked to Dhaka University and Dhaka 
Community Hospital in Bangladesh on the issue 
of arsenic contamination of drinking water and the 
local food supply, a problem affecting an estimated 
40 million people in that country and a further 30 
million in West Bengal, India.

Italy 

Italian students are working with Associate 
Professor Lombi at the Mawson Lakes laboratories 
on a project involving the suitability of treatment 
waste biosolids for use in agriculture. One is 
undertaking an MSc at UniSA, and another 
visiting in 2010 was from the Catholic University of 
Piacenza.

korea

In February 2010 a memorandum of understanding 
was signed between CRC CARE and Hunic, the 
Hub University of Industrial Collaboration, based at 
the Jinju National University in Korea.

The collaboration is based on green technologies, 
with the objective of opening doors for research 
collaboration and training, in particular the 
exchange of staff and capacity building.

Professor Ravi Naidu and Professor Geeill Jun of Jinju National 
University sign the memorandum of understanding between CRC 
CARE and Hunic, of Korea.
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Commercialisation and utilisation

STRATEgIES AND ACTIvITIES

During 2009-10 the CRC has made considerable progress in 
commercial activity, now maintaining five patents with a sixth 
under consideration. A number of prospective end users for 
these inventions have also been identified, a significant number 
for a comparatively new organisation.

CRC CARE has sponsored a broad range of scientific 
research projects with some of Australia’s leading companies 
and universities. On the advice of external consultants 
commercialisation activity has been focused on: 

■ Real time analytical methods for in situ measurement of 
contaminants

■ Modified clay sorbents for remediation of water pollutants 
and brownfield sites

■ Nanocatalysts for degradation of organics

1. Anionic surfactant test kit

International patent application no. WO 2009/046191. 
Anionic surfactant detection

Our anionic surfactant test kit has been developed to provide 
a safe, sensitive and reliable method to identify surfactants 
in the environment. These surfactants could be derived from 
industrial and institutional cleaning solutions, industrial effluent 
or applications such as AFFF (aqueous film-forming foams). 
Surfactants also escape to the environment from personal 
hygiene products such as soaps, showers gels and domestic 
cleaning solutions. The low rate of biodegradability and residual 
toxicity of AFFFs and the effects of background levels of alkyl 
benzene sulphonates (which can effect reproduction of aquatic 
organisms) are two issues of environmental concern.

A prototype test kit has been rolled out to clients and we are 
now refining this technology.

The benefits of this test include:

■ simple to use, does not require highly skilled operators and 
can be used in the field

■ rapid results, cheaper and safer than established techniques 
which rely on hazardous solvents

■ high specificity and reliability.

2.  wastewater treatment product capable of removing 
persistent organic compounds and surfactants from 
wastewater

Australian provisional patent application no. 2009900643. 
Photocatalyst and method for production

This invention relates to a novel preparative route to 
photocatalysts which can be used to break down organic 
compounds in wastewater. Common environmental problems 
include escape of dyestuffs, pesticides, aromatics and 
halogenated compounds into waterways.

These photocatalysts are nanoscale materials which are active 
under visible light and especially under direct sunlight. The 
advantages of these photocatalysts are:

■ non-toxic and easily prepared using standard industrial 
process plant, and easily retrieved from water treatment 
plants; they can also be reused

■ activated by sunlight (as opposed to expensive UV lamps)
■ can break down complex aromatic molecules, including 

dyes, cost effectively.

3.  wastewater treatment that can remove heavy 
metals and harmful organic compounds from water 
and soil in a cost-effective way

Australian provisional patent application no. 2008906348. 
Modified clay sorbents

This remediation product is being developed for removal of 
problematic pollutants including some of those included in the 
Stockholm Convention on persistent pollutants. These pollutants 
represent serious hazards to humans and animals.

The benefits of this technology are:

■ cheap, effective, easy to use and recoverable materials
■ the use of standard industrial plant, requiring low skill 

operators and low cost equipment
■ applicable to major remediation problems and contaminated 

brownfield sites.
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4.  Amine modified clay sorbents 

Australian provisional patent application 
no. 20099005953. Amine modified clay sorbents 

This remediation product has been developed to 
remove toxic contaminants such as those on the 
Stockholm Convention list. AFFF is one particular 
pollutant of concern and the development of our 
surfactant test kit in conjunction with an amine 
modified clay has been one of our key priorities. 
This new amine modified clay is being developed 
under the trade name MatCARETM.

MatCARETM has been successfully tested against 
waterborne and soil contaminants in the laboratory 
and in field trials. Field studies will need to continue 
for at least another 12 months to demonstrate long 
term efficacy.

5.  New processing method for downstream 
waste from the mining industry 

 
Patent applied for June 2010

A patent has been filed with partner organisations. 
Demonstrated on the laboratory scale, the next 
step will involve pilot scale trials on industrial 
process plant. 

6.  Novel ion selective electrode technology

This technology is being developed for the real 
time measurement of metal ions in solution. 
Common ions such as sodium, potassium, calcium 
and others can be measured in complex solute 
matrices, even in coloured solutions. This is of 
value to agricultural irrigators and for monitoring 
water quality in lakes and streams.

The benefits of the ion selective electrode are:

■ low cost equipment which can be used by low 
skill operators, in field-based situations

■ real time results which can be processed and 
collated using remote sensing and telemetry 
equipment

■ alternative to expensive spectroscopic analysis 
equipment.

uptake by industry

CRC CARE has a range of new products 
and processes which are at an early stage of 
commercial development. The CRC’s approach is 
to develop strong working relationships with ‘end 
users’ such as site operators and remediation 
contractors, manufacturers and suppliers of 
equipment. In many cases the route to market is 
now clearly defined although technical hurdles and 
uncertainties may still remain. Continuing protection 
of IP is important until the commercial potential has 
been fully assessed.

The CRC will continue to develop these projects 
through to commercialisation irrespective of the 
ongoing CRC CARE 2 bid. Licenses may be 
granted for the use of the CRC CARE IP during late 
2010 and 2011, and early stage discussions are 
ongoing. 
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INTEllECTuAl PROPERTy 
MANAgEMENT

CRC CARE has the essential mechanisms in place to ensure 
adherence to the National Principles of IP Management.

Provisions within the Commonwealth and Participants 
Agreements provide the key elements for intellectual property 
management. In addition to the Agreements the Company has 
implemented appropriate policies and procedures including 
those for:

■ identification and disclosure of IP
■ assessment of existing IP
■ protection of IP
■ record keeping via an IP register
■ business case development and approval
■ benefit sharing.

Oversight of these policies and related activities is the 
responsibility of the Commercialisation Committee.

CRC CARE is currently maintaining five patents including one 
international patent which has now reached national filing phase. 
No registered IP has been sold, transferred or licensed for 
commercialisation in this period.

COMMuNICATION STRATEgy

Overview

CRC CARE’s communication plan supports the CRC’s business 
goals by:

■ enhancing the impact of CRC CARE research on the nation 
through early awareness and adoption

■ increasing stakeholder and public awareness of the 
contamination issue and strategies to overcome it in a cost-
effective way through science

■ raising awareness of CRC CARE as Australia’s, and the 
Asia-Pacific region’s, premier source of scientific advice and 
expertise on contamination, risk and remediation issues

■ publicising the achievements of CRC CARE and its partners 
to industry, government and the nation, and 

■ assisting in the development of new research and business 
partnerships by raising awareness of CRC CARE’s research 
capability, partner network and achievements.

The program provides regular information to CRC partners, 
industry, government agencies and the community via the 
media. It includes the CRC website, industry workshops and 
conferences as well as media releases and articles aimed at 
industry and the wider public.

Highlights of CRC CARE’s communication program in 2009-10 
were:

■ the publication of four Technical Reports (taking the total 
to 12 pdfs, with two also available in print form), and a 
handbook

■ helping the CRC organise and run the CleanUp 09 
international conference in Adelaide in September 2009 and 
manage the associated media effort. CleanUp 09 comprised 
a combination of the 3rd International Contaminated Site 
Remediation Conference and 5th International Workshop on 
Chemical Bioavailability

■ the creation of several displays at industry and scientific 
conferences around Australia

■ assisting staff win recognition through several national 
awards, including the STAR Award for CRC research, won 
for the CRC by the MatCARE™ project.

Communication activities

Conferences, exhibitions and presentations

During 2009-10 CRC CARE’s research staff presented 
and gave keynote papers at a number of international and 
national conferences, and these are listed in this report in the 
publications section.

Displays of CRC research were staged at CleanUp 09 (Adelaide, 
September 2009), Clever Green (Adelaide, February 2010), 
EcoForum (Sydney, February 2010), and the CRC Association 
Conference (Alice Springs, May 2010). CRC CARE was again 
a platinum sponsor for EcoForum in Sydney. Design and 
production work was also carried out in preparation for a display 
at the 19th World Congress of Soil Science in Brisbane in 
August 2010.

CRC 
CARE’s 

presence at 
EcoForum 
2010, held 
in Sydney.

CRC CARE’s 
Communication 
Manager Peter 
Martin (right), 
with CleanUp 09 
keynote speaker 
Professor 
Harald Burmeier 
of Leuphana 
University of 
Lueneburg, 
Germany, at 
the CRC CARE 
display.
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Website

Work continued through 2009-10 on the CRC 
CARE website, www.crccare.com, with the 
communications team making a major contribution 
to the development and management of the new 
Remediation Australasia website and e-magazine. 
Publications were kept up to date and new 
Technical Reports made available as pdfs as they 
were approved. Work continued on updating 
project and staff profiles. Core partners have also 
expressed a high level of satisfaction with the 
function and convenience of the MyCRC CARE 
web pages for members that allows them full 
access to papers and documents related to CRC 
business.

Media

CRC CARE issued 19 media releases during 
2009-10, especially around the 2009 conference 
CleanUp 09. Stories receiving good media cover 
included:

■ The growing threat from e-waste
■ Community at risk from illegal drug factories
■ Removing toxic metals, quicker
■ Green chemistry to reshape consumer demand
■ ‘Nanopollution’: a potential new threat to the 

environment 
■ The public the key to effective clean-up
■ Australian scientist warns of ‘green’ food 

complacency
■ World-first clean-up of acid wetlands
■ Breakthrough on global cancer risk 

Articles based on these releases appeared in a 
wide range of media. In the urban dailies, highlights 
included ‘Industrial waste can be an asset’, 
reported in the Age and Sydney Morning Herald (29 
September 2009), and ‘Dangers the eye can’t see’ 
(on nanoparticles) in the Adelaide Advertiser (29 
September 2009).

‘Experts to tack e-waste pollution worries’ ran on 
the ABC News website on 28 September 2009, 
and ‘New way to identify dangerous heavy metals 
in soil’ ran in all the major rural weeklies in late 
September 2009. 

A trend continued for a wide spread of popular 
and technical media to pick up CRC stories.  
These included Australasian Science, the 
Business Review Weekly, International Business 
Times, Waste Management and Environment, 

Sustainability Matters, United Services, Wings, 
Food Australia, and a range of overseas media in 
Ireland, India, Malaysia, Thailand and Korea. 

On-line media that picked up CRC material 
included Science Alert, Red Orbit, Inter Press 
Service News Agency and Industry Search. 

Col Ahern (Queensland Department of Environment 
and Resource Management), Professor Richard Bush 
(Southern Cross University) and Professor Ravi Naidu 
inspect the front page story in the Cairns Post on acid 
sulfate soils at East Trinity.

Publications

As well as new documents in the CRC’s Technical 
Report series, a 92-page 2008-09 annual report 
was prepared and printed, a third issue of the 
CRC’s industry newsletter Remediator produced 
and circulated, and material prepared for a range 
of industry and stakeholder magazines. The 
communications team also continued to maintain 
a ‘request to publish’ process by which all journal 
papers, conference abstracts, papers and posters, 
and book chapters prepared by staff are reviewed 
internally before submission. Over 110 items 
passed through this process in 2009-10.

The number of CRC CARE banners, fact sheets 
and posters continued to increase, and are 
available on the website. Other materials and 
posters were developed for conferences and 
displays and new pull-up banners generated for all 
the CRC’s Demonstration Programs.

As the year closed an increasing amount of 
technical material was passing through the hands 
of the communications team as more research 
and PhD projects completed and reported their 
findings. The dissemination of increasing amounts 
of information to current stakeholders and potential 
users will present an organisational and resource 
challenge to the CRC over the next year.
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END-uSER INvOlvEMENT AND CRC 
IMPACT

The high point of end-user involvement in the year 2009-10 
was the confirmation by the CRC’s largest partners that they 
would participate in the CRC’s extension bid, and thus commit 
to future core funding if the CRC were successful. The CRC 
sees that as a substantial vote of confidence in its research 
performance, capacity and vision for the next decade. 

End-users of the CRC’s research are engaged with the CRC in 
several ways. In policy and technical matters, five committees 
operate at Board level and are chaired by Board members. Their 
functions include review of research proposals and expenditure, 

consideration of commercialisation opportunities, and advice 
on environmental regulatory policy. Further details are set out in 
this report in the section on governance and management. The 
CRC’s Policy Advisory Committee is a non-Board committee 
with 13 members drawn from across the CRC’s user base, and 
advises on the full spectrum of scientific and technical issues 
relevant to the CRC’s operations.

A more detailed outline of the CRC’s core and ‘supporting’ 
participants and the nature of their involvement are set out in 
the ‘End-user involvement’ table below. The CRC operates a 
separate strategy for reaching a wider market of stakeholders 
and potential users, and that is outlined in the preceding 
section, ‘Communication strategy’.

End-user involvement 

End-user name

Relationship 
with CRC
(e.g. Industry, 
Participant, 
International)

Type of activity 
and end-user 
location

Nature/scale of benefits 
to end-user
(e.g. exports 
increase, productivity, 
employment)

Actual or 
expected benefit 
to end-user
($ terms)

Department of 
Defence

Core 
Participant

Analytical testing 
of AFFF samples 
(Adelaide and 
Sydney).

Analytical testing of soil 
and water samples for site 
characterisation.

Provides additional 
testing capability 
that is not available 
in commercial 
laboratories.

BHP Billiton Iron Ore 
Pty Ltd

Supporting 
Participant

Site assessment 
and clean up (WA).

Maintenance of health and 
environmental standards.

Focused research 
delivering clean-up 
solutions for sites 
and operations.

Australian Institute of 
Petroleum

ExxonMobil 
Shell Oil Company
BP Australia
Caltex
Rio Tinto
Chevron Australia
Environmental 

Protection Agency 
(SA)

Environmental    
Protection Agency 
(Vic)

Department of 
Environment, 
Climate Change 
and Water (NSW)

Department of 
Environment and 
Conservation (WA)

Environmental 
Protection Agency 
(Qld)

CSIRO
GHD Pty Ltd
Coffey Environments
     Pty Ltd
CH2MHILL

Core and 
Supporting 
Participants, 
industry and 
regulators

Involvement in 
Petroleum Project 
Advisory Group, 
and/or in the 
CRC’s National 
Contaminated Sites 
Demonstration 
Program, or in 
other related 
projects.

New evidence-based 
guidelines in risk 
assessment, remediation 
and prevention; more 
relevant (Australian-based) 
health screening levels 
(HSLs) and ecological 
investigation levels.

A series of documents to 
guide industry practice 
have been developed by 
the CRC or are in hand. 
Examples include: 

- data requirements 
for characterisation of 
contaminated sites

- a basis for natural 
attenuation 

- health screening 
levels for petroleum 
hydrocarbons in soil and 
groundwater environments

- guidelines for the clean-
up of non-aqueous phase 
liquids (NAPLs) in soils and 
aquifers.

Development of a 
unified approach 
for cost-effective 
site assessment 
and management, 
and development 
of policies and 
guidelines based 
on Australian data 
and experience 
for sites affected 
by petroleum 
hydrocarbons.

ALS Laboratory 
Group

Industry
Analytical testing 
of AFFF samples 
(Queensland).

Analytical testing of soil 
and water samples for site 
characterisation.

Provides additional 
testing capability 
that is not available 
in commercial 
laboratories.
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End-user name

Relationship 
with CRC
(e.g. Industry, 
Participant, 
International)

Type of activity 
and end-user 
location

Nature/scale of benefits 
to end-user
(e.g. exports 
increase, productivity, 
employment)

Actual or 
expected benefit 
to end-user
($ terms)

HLM Asia Group Ltd
Core 
Participant

Research and 
commercial 
opportunities in 
China.

Productivity, employment, 
market leadership.

Increased service 
capability in Asian 
region. 

Agilent Technologies 
Australia Pty Ltd

Supporting 
Participant

Technology 
development, 
international.

New analytical monitoring 
tools with commercial 
potential.

International market 
opportunities.

Capital Technic 
Group Pty Ltd

Core 
Participant

Market assessment 
for specific 
technology.

Market research and 
understanding on which 
to guide researchers and 
base investment.

Long-term 
returns on new 
technologies.

Alcoa World Alumina 
Australia

BHP Billiton      
Worsley Alumina

Supporting 
Participant, 
industry

Securing reliable 
data for assessing 
risk to human 
health and the 
environment from 
refinery stack 
emissions.

Basis for determining 
whether action is required 
to reduce organometallic 
compound emissions, 
potentially saving 
engineering costs.

Enable industry to 
better comply with 
regulations and to 
provide detailed 
information to the 
local community.

Reduce costs of 
engineering by 
establishing the 
significance of 
organometallic 
compound 
emissions.

Department of 
Defence

Core 
Participant

Demonstration 
projects at bases.
 
Development of 
cost-effective 
and reliable tools 
for contaminant 
monitoring in the 
field, environmental 
guideline values, 
remediation 
strategies.

Demonstration 
of technologies 
to assess and 
remediate 
contaminated sites.

Tools for field monitoring of 
contaminants.

Enable remediation of 
contaminated sites.

Provides scientific basis 
for policies on natural 
attenuation. Will enable 
sale of land for other uses.

Risk to environment 
and human health 
will be defined 
and remediation 
strategies designed 
for cost-effective 
remediation to be 
implemented.

Environmental 
Protection Agency 
(SA)

Environmental 
Protection Agency 
(Vic)

Department of 
Environment and 
Conservation (WA)

Environmental 
Protection Agency 
(Qld)

Department of 
Environment 
and Resource 
Management (Qld)

Core and 
Supporting 
Participants, 
industry and 
regulators

Policy Advisory 
Committee and 
various projects 
and strategic 
workshops to 
address priority 
issues.

Policy 
harmonisation.

Field 
demonstration.

Improved public safety, 
more effective protection 
of the environment and 
natural ecosystems.

More efficient use 
of resources by 
regulatory bodies, 
better quality 
outcomes.
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EDuCATION

Dr Malcolm Clark,
Program Leader 

PROgRAM OvERvIEw

Effective clean-up of pollution relies on the skilled personnel 
involved in environmental risk assessment, in legislative 
development, and in the delivery and implementation of new 
knowledge, approaches and technologies in remediation.  

The global clean-up industry is growing rapidly and there is a 
widespread need for more skilled professionals and operators to 
undertake the work. Australia, which is also short of people with 
appropriate expertise, is increasingly drawing individuals from 
a wide variety of backgrounds to meet this need, often from 
overseas. 

Experience is showing that one consequence of this 
development is a need to improve and round off the 
qualifications and knowledge of many recruits. For this 
reason, under CRC CARE’s Commonwealth and Participants 
Agreements, the CRC has committed to deliver a number of 
educational milestones that address this skills shortfall. 

The key milestone for the CRC’s Education and Training 
Program is the implementation of a National Education Program, 
with two components. The first is a university education 
program, which plans to expand the number of highly qualified, 
suitably trained, industry-ready professionals within Australia 
by graduating 50 PhD and 20 Honours students over the life of 
the CRC. Currently 54 PhD students (see table below) and 16 
Honours (see table on page 71) students are either enrolled, or 
have submitted and/or graduated from the CRC’s Australian 
partner universities. Furthermore, an additional eight PhD and 
six Masters students are working on projects at Huazhong 
University, China, through an ongoing partnership with the CRC 
CARE partner HLM Asia Group Ltd.

Distribution of PhD students across the partner universities, and across the research programs

1. 
Risk 
Assessment

2. 
Remediation 
Technologies

3. 
Prevention 
Technologies

4. 
Social, Legal, 
Policy and 
Economics

Total

Curtin University of 
Technology

1 3 - - 4

Southern Cross 
University

1 2 - - 3

University of South 
Australia

7 15 6 2 30

University of 
Queensland

4 - 4 - 8

University of 
Technology, Sydney

- 4 1 2 7

James Cook University - 2 - - 2

Huazhong University - 5 3 - 8

Total 13 31 14 4 62

Education and training
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Distribution of Honours students across the partner universities, and across the research programs

1.
Risk 
Assessment

2. 
Remediation 
Technologies

3. 
Prevention 
Technologies

4. 
Social, Legal, 
Policy and 
Economics

Total

Curtin University of 
Technology

1 5 - - 6

Southern Cross 
University

1 - - 2 3

University of South 
Australia

1 2 - - 3

University of 
Queensland

1 - 2 - 3

University of 
Technology, Sydney

1 - - - 1

James Cook University - - - - 0

Huazhong University - - - - 0

Total 5 7 2 2 16

uNIvERSITy POSTgRADuATE STuDENTS

The 2009-10 year for the CRC saw a further four 
PhD students recruited to CRC CARE, although 
no Honours students were enrolled under CRC 
CARE scholarships. This means the CRC will 
meet its Commonwealth milestones in full in 
regard to student participation and completions. In 
addition, an additional eight PhD and six Masters 
students (recruited in 2008-09 with the signing of 
agreements with Huazhong University and HLM 
Asia Group Ltd) underpins an important emerging 
relationship with tertiary institutions in China. 
Thus at the end of 2009-10, CRC CARE had 68 
higher degree research students actively engaged 
or completed in critical environmental research 
projects. Students are either directly embedded 
into funded research projects and working as part 
of larger project teams, or are undertaking a stand-
alone project. Industry partners directly supervise 
18 of the PhD students.  

All students are directly contributing to the research 
goals and milestones of the CRC. To date, students 
have authored 143 publications, with 43 of these 
publications in peer reviewed journals, of which 17 
are in highest A* or A band journals of the Federal 
Government’s new ERA system. 

In 2009-10 an additional seven PhDs have 
successfully completed, bringing the total PhD 
completions to ten, while a further five students 
have submitted their theses for examination.  
Looking forward, the CRC is investigating the 
development of an industry placement opportunity 
for all of our supported PhD students in their third 
year of study. It is hoped that this will help in their 
transition to industry, and build the necessary skills 
and experience to ensure they are industry-ready 
and commercially focused. To this end efforts are 
being made to provide opportunities for the CRC-
supported students to attend this industry-training 
program.
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Honours students 

There are no currently enrolled Honours Students in receipt of a 
CRC CARE Scholarship.

Honours graduates

Anita D’Angelo, Second Class Honours, CUT
Amy Heffernan, First Class Honours, UTS 
Carlo Eastaway, Second Class Honours, SCU
Clement Thye, First Class Honours, CUT
Kate Hyland, First Class Honours, UniSA
Katherine Hughes, First Class Honours, UQ
Maharindo, Second Class Honours, CUT
Pelli McMahon, First Class Honours, SCU
Peter Sanderson, First Class Honours, UniSA
Regina Wu, First Class Honours, CUT
Richard Cuskelly, Second Class Honours, SCU
Sie King Ling, Second Class Honours, CUT 
Tamara Ashford, First Class Honours, UQ
Tia Northfield, First Class Honours, UQ
Wendy Harrington, First Class Honours, UniSA
Zhao Ying Kong, Second Class Honours, CUT

PhD students and their projects

Adam Wightwick 
 Managing copper inputs to viticultural soils for the 

protection of soil fertility: risk assessment, prevention 
and remediation, UQ

Andrew McKay
 Development of a unicellular cell tool for the toxicity 

assessment of single and mixture of metals and 
metalloids, UQ

Anitha Kunhikrishnan
 Revegetation of metal-contaminated soils using recycled 

water, UniSA
Balaji Seshadri 
 Potential value of coal combustion products (CCPs) 

in the re-vegetation and ecosystem development of 
degraded mine sites, UniSA

Benjamin Jones 
 Use of organic matter amendments/clays to improve 

rehabilitation of bauxite refinery wastes, UQ
Binoy Sarkar
 Remediation of organic and inorganic contaminants by 

novel bio-reactive organoclays, UniSA
Christiane Vitzthum Von Eckstaedt 
 Stable carbon and hydrogen isotope ratios of individual 

volatile organic compounds (VOCs) and polycyclic 
aromatic hydrocarbons (PAHs) in airborne emissions and 
soils, CUT

Crystal Maher 
 Understanding processes in acid sulfate soil 

environments using stable isotopes, SCU
Dane Lamb
 Heavy metal phytotoxicity in long-term contaminated 

soils: implications for the development of Australian 
regulatory guidelines and realistic environmental risk 
assessment, UniSA

Dawit Bekele
 Movement of volatile organics in soils of contaminated 

aquifer sites with the aim of generating model 
parameters for defining affective control/remediation, 
UniSA

Devarajan Shanmuganathan 
 Fate and behaviour of brominated flame retardants in soil 

and sediments, UniSA
Dionne Arthur 
 Assessment of biological effects induced by arsenic-

mediated oxidative stress, UQ
Elizabeth Brandon 
 The development and harmonisation of domestic site 

contamination law: the role of international law and other 
mechanisms, UniSA

Faye Feng Liu 
 Development of nanobiotechnology (single cell) method 

for biological response measurement of contaminants, 
UQ

Gareth Lewis 
 Fate and dynamics of endocrine-disrupting chemicals 

(EDCs) and pharmaceutically active compounds (PhACs) 
in the soil environment, UniSA

Girish Kumar Choppala 
 Dynamics and agro-environmental significance of 

dissolved organic matter in soils, UniSA
Ilia Rostami Abusaidi
 Bioavailability of polycyclic aromatic hydrocarbons 

(PAHs) and its impact on bioremediation, UniSA
Javeed Mohammed Abdul 
 Gradient permeable reactive barrier for groundwater 

remediation, UTS
Jin Hee Park
 The role of bacteria and soil amendments on the 

phytostabilisation of metal-contaminated soils, UniSA
Kavitha Ramadass
 Speciation, bioavailability and toxicity of petroleum 

hydrocarbons – development of ecological safe limits 
and bioremediation technology, UniSA

Liang Wang 
 Novel techniques for pattern recognition, processing and 

analysing the data for contamination monitoring using 
ion selective electrode array (electronic tongue systems), 
UniSA
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Mike Van Alphen 
 The characterisation of fibre bundles and 

the release of respirable asbestos fibres, 
UniSA

Peter Sanderson
 Risk-based management and remediation 

of lead contamination at a defence firing 
range, UniSA

Ruh Ullah
 Nanoparticle catalyst for indoor VOC 

degradation under visible light, CUT
S M Ghausul Hossain
 Permeable reactive barrier for the treatment 

of complex organic waters, UTS
Salirian Claff 
 The assessment of metal geochemistry in 

acid sulfate soils, SCU
Sally Legg 
 Legal and policy implications of risk 

assessment in relation to the assessment 
and remediation of contaminated sites, 
UniSA

Seth Laurenson 
 Management of recycled water irrigation in 

the viticulture industry, UniSA
Shiva Prakash 
 The effects on property values of disclosure 

of site contamination, UQ
Siew Hui Chong 
 Application of heterogenous catalysis and 

adsorption technologies to reduce indoor 
air toxins, CUT

Simi Sugathan (submitted)
 Seaweed as an enhancer for bioremediation 

of persistent organic pollutants in long-term 
contaminated soils, UniSA

Sreekanth Janardhanan 
 Groundwater management, JCU
Suresh Ramraj Subash Chandrabose
 Algae-bacterial system for remediation of 

contaminants, UniSA 
Thamer Mohammed
 On-site remediation of micro-pollutants from 

storm waters for reuse, UTS
Thammared Chuasavathi 
 Potential value of biosolids and biosolid 

blends using other waste resources in the 
immobilisation and bioavailability of heavy 
metals, UniSA

Wei Hong Wang
 Selenium speciation in environmental 

and biological samples using ion 
chromatography and ion-pair reverse phase 
chromatography hyphenated with ICPMS, 
UniSA

Ya-Feng Zhou 
 Use of wastes as immobilising agents for 

heavy metal contaminants, UQ
Yanju Liu
 Recycling and re-use for the remediation of 

red mud, UniSA
Yen-Yui Liu 
 Effects of land application of contaminated 

effluents on soil properties and the size, 
activity and diversity of soil microbial 
communities, UQ

Yousef Okour
 Removal of persistant organic pollutants 

using titania (TiO
2) nanoparticles produced 

from sludge, UTS

New PhD students

Manish Jha
 Remediation of contaminated groundwater 

aquifers, JCU
Richie Cuskelly
 Creating value through the remediation of 

contaminated sites, UTS
Chamindra Vithana
 The development of accurate and rapid 

assessment methods for acidity pool in 
sulfate soils materials, SCU 

Wil van Deur 
 Role of strategic environmental assessment 

and environmental impact assessment 
in the sustainable management of 
contaminated land in the Asia Pacific 
region, UTS

PhD graduates

Dr Kwon Rae Kim
Dr Tanya Caceres 
Dr Sreenivasulu Chadalavada 
Dr Jianhua Du
Dr Fang Han
Dr Pradeepkumar Rangnath Shukla 
Dr Ileperumaarachchige Vayanga Nishani 

Rathnayake
Dr Othman Al-Mashaqbeh
Dr Thavamani Palanisami 
Dr Kandasamy Thangavadivel 
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HlM Asia group ltd China
PhD students and their projects

Chang Liu
 Generating synthetic soils with high nutrient holding 

capacity using red mud
Lan Gao
 Cost effective remedial technology for pig wastes
Leguan Zhang
 Isolating and concentrating different metals from red 

mud
Maoyun He
 Production of hydrogen-rich gas from catalytic 

gasification of municipal solid waste
Qiguo Yi
 A mass balance calculation for metal uptake in red mud
Siyi Luo
 Mechanism treatment of biomass generated on red mud 

disposal sites and research on biomass powder fuel
Wei Zhan
 Development of a mini landfill biogas generating 

technology using pig wastes
Xianjun Guo
 Demonstration project of gasification of biomass micron 

fuel (BMF) and utilization of gas products

Masters students and their projects

Duan Luchan
 Plant growth study on remediated red mud with different 

amendments
Guanjun Yang
 Emission characteristic of Cl in biomass combustion
Guifen Peng
 Study on activity of anaerobic sludge irradiated by low 

intensity ultrasound
Lei Xiao
 Efficient combustion of biomass micron fuel
Sheng Zhu
 Hydrogen-rich gas from municipal solid wastes (MSW) 

gasification
Ying Li
 The characteristic research of bio-oil from biomass 

micron fuel

UniSA PhD graduate, Dr Kandasamy Thangavadivel, presenting as a finalist for the CRC Association’s 
Showcasing Early Career Scientists awards at the CRCA’s annual conference in May 2010.
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ARIC AND INDuSTRy 
TRAININg

Andrew Beveridge,
Coordinator: 
Australian 
Remediation 
Industry Cluster

CRC CARE has been the catalyst in bringing 
together industry, regulators and research groups 
in Australia to tackle important industry challenges 
that require national consensus. This process 
has been driven by our partners. The Australian 
Remediation Industry Cluster (ARIC) was formed 
to build on this important role, and broaden 
participation in important industry debates. 
 
Launched in 2007, ARIC is a membership-based 
group that aims to provide both public and 
member-based services. Active involvement of 
industry participants is the key to ARIC’s success 
so broad participation is essential.

During the course of the year, it was decided to 
merge the CRC CARE Industry Training Program 
and ARIC into a single business unit, especially 
given the synergies between the two areas. It is 
considered that this arrangement will support the 
objectives of the ARIC network with its member 
orientation, and the need for the CRC to deliver 
on educational and training goals agreed with the 
Commonwealth. Under this arrangement, ARIC 
is coordinated by an Advisory Committee made 
up of end-user representatives with Professor 
Naidu as Chair and Andrew Beveridge as the ARIC 
Coordinator.

With the restructure, the aim is that ARIC will 
become the knowledge transfer and industry 
engagement arm of CRC CARE with a focus on 
four key service areas: information, networking, 
issue management and promotion.  

After much development during 2009, ARIC 
successfully established Remediation Australasia 
in 2010, a new website and online magazine 
providing ARIC members and remediation industry 
participants with a new source of science-oriented 
information and unique on-line discussion facilities. 
The new interactive pages for ARIC members 
which went live on the ARIC website in February 
will provide a new interactive forum as well as 
a growing reference library. Thanks go to Leigh 
Walters for his efforts in the early establishment of 
ARIC.   

The new website is a valuable resource for both the 
general public and for subscribing ARIC members. 
For the public, the site provides useful information 
about remediation, and highlights upcoming 
industry training and events. Members have the 
added benefit of access to additional web features 
via a secure log-in area. These features provide 
information and links to further resources, and allow 
access to forums for members to work together 
remotely on issues of common interest.  

The ‘Industry matters’ section of the website 
includes two issue management tools for 
addressing and debating industry issues. The 
‘Ideas Generator’ offers general discussion forums 
to members, while the ‘Solutions Generator’ 
focuses on more targeted issues through the 
use of ‘eWorkplaces’ where specific topics can 
be debated, resources shared and resolutions to 
issues sought. 

The Remediation Australasia e-magazine is an 
online quarterly industry magazine distributed, via 
email, to members. It features the latest news and 
information on the prevention, assessment and 
remediation of contamination. The latest edition 
of the Remediation Australasia magazine can be 
accessed by the public through the Remediation 
Australasia website. Back issues are restricted to 
members only.

ARIC also commenced its knowledge transfer 
workshops and courses commencing with two 
one-day Environmental Risk Communication 
Workshops held in Melbourne (April) and Sydney 
(May). These were followed by a workshop focused 
on Incorporating Bioavailability in Risk Assessment 
in Melbourne in June. A number of additional 
training events are already in place for 2010-11.



76 Education & training

ARIC’s free membership period has been extended until 31 
December 2010 to allow current and potential members to 
explore the new services. Anyone wishing to become an ARIC 
member can find further information and a membership form 

at both the Remediation Australasia and CRC CARE websites  
(www.remediationaustralasia.com.au and www.crccare.com.au),  
or alternatively email aric@crccare.com. 

The Remediation 
Australasia website 
and e-magazine.
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Patents & publications

Patents and publications

PATENTS SubMITTED IN 
2009-10

R. Naidu, V. Kambala AMINE MODIFIED CLAY 
SORBENTS Submitted 7 December 2009 for Australian 
Provisional Patent Application (Australian Patent 
20099005953).

New processing method for downstream waste 
from the mining industry. Patent applied for June 
2010 (details of patent unconfirmed at time of report 
finalisation).

PublICATIONS 

jOuRNAl PublICATIONS

Belyaeva, ON & Haynes, RJ 2010, ‘A comparison of 
the properties of manufactured soils produced from 
composting municipal green waste alone or with poultry 
manure or grease trap/septage waste’, Biology and 
Fertility Soils vol. 46, no. 1, pp. 271-281.

Blamey, FPC, Kopittke, PM, Wehr, JB, Kinraide, TB & 
Menzies, NW 2010, ‘Rhizotoxic effects of silver in cowpea 
seedlings’, Environmental Toxicology and Chemistry 
vol. 29, no. 9, pp. 2072-2078.

Bolan, N, Naidu, R, Choppala, G, Park, J, Mora, 
ML, Budianta, D & Panneerselvam, P 2010, ‘Solute 
interactions in soils in relation to the bioavailability 
and environmental remediation of heavy metals and 
metalloids’, Pedologist vol. 53, no. 3, pp. 1-18.

Caceres, T, Megharaj, M, Venkateswarlu, K, Sethunathan, 
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RADIO

ABC 774 Melbourne (Melbourne) 
13:00 News (Weekend) - 03/01/2010 - 01:03 PM 
Newsreader
 
Australian scientists claim they have developed a way to 
restore wetlands damaged by large scale acid run off. 
The scientists believe they have carried out a restoration 
of coastal wetland at a site near Cairns. Professor Ravi 
Naidu, head, CRC CARE, says the acid crisis was caused 
40 years ago when the wetlands were cleared to grow 
sugarcane. 
© Media Monitors 2010 
Interviewees: Professor Ravi Naidu, head, CRC CARE
Duration: 0:50

ABC 702 Sydney (Sydney) 
13:00 News (Weekend) - 03/01/2010 - 01:03 PM 
Newsreader
 
Austn scientists say they’ve developed ways of restoring 
wetlands damaged by large scale acid runoff and have 
restored coastal wetlands at an 800hectare site near 
Cairns, Qld. 
© Media Monitors 2010 
Interviewees: Professor Ravi Naidu(*), head, CRC CARE
Duration: 0:50

ABC 666 Canberra (Canberra) 
13:00 News (Weekend) - 03/01/2010 - 01:03 PM 
Newsreader
 
Scientists have claimed that they have carried out a 
restoration of 800ha of wetlands near Cairns, a world first. 
Professor Ravi Naidu, CRC CARE, has said that the acid 
runoff crisis which damaged the wetlands was caused 
when the wetlands were cleared to grow sugar cane, 
and has said that a combination of treatments has seen 
a return of mangroves, birds and fish. Naidu has said that 
areas most in need of restoration include Lake Alexandria, 
Northern NSW, and around Perth. 
© Media Monitors 2010
Interviewees: Professor Ravi Naidu, CRC CARE
Duration: 0:50
 

SBS Ethnic Radio (Melbourne) 
World View - 04/11/2009 - 06:50 AM 
Peggy Giakoumelos 
Executive Producer Mr Andrew Kruger
 
This report investigates how some scientists warn against 
using plastics to reheat food. Bruce Lawrie, Environmental 
Scientist, Canada explains how his country banned baby 
bottles made from BPA or bisphenol A. The US banned 
BPA is baby bottles, but in Aust Food Standards Aust 
says such dangers need to be kept in perspective over a 
lifetime. Lydia Buchtmann, Food Standards Australia New 
Zealand says small levels of chemicals are not unsafe, 
according to the WHO. Professor Ravi Naidu, Scientist, 

University of South Australia speaks about how pesticides 
can enter tissues and organs through food, water air or 
skin. He explains the dangers of farmers using recycled 
water. Some want manufacturers to list ingredients in 
packaging, but is this not a requirement. Google shows 
BPA free baby bottles. 
© Media Monitors 2009 
Interviewees: Bruce Lawrie (*) Environmental Scientist, 
Canada; Lydia Buchtmann, Food Standards Australia 
New Zealand; Professor Ravi Naidu, Scientist, University 
of South Australia. 
Duration: 6:49

ABC North Queensland (Townsville) 
Drive - 05/10/2009 - 05:11 PM 
Natalie Fernbark

Compere says that 63 tonnes of rubbish was picked up in 
North Qld during Clean Up Aust Day. Compere introduces 
the idea of Nano-Pollution, which is hundreds of times 
smaller than a grain of sand, and the fact that inhaling 
this pollution is becoming very real. Professor Ravi Naidu, 
University of South Australia, recently attended the 
CleanUp 09 Conference where Nano-Pollution was on 
the agenda. Naidu describes Nano-Particles and the uses 
for Nano-Technology. Naidu says that The US National 
Science predicted the market for Nano-Technology as 
being $1t by 2013. Naidu says that the effect of Nano-
Particles on the environment is unknown, but he says that 
they are already in nature. Naidu says that the benefits 
from Nano-Particles overrides the potential costs. 
© Media Monitors 2009 
Interviewees: Professor Ravi Naidu, University of South 
Australia 
Duration: 11:30

ABC North and West SA (Port Pirie) 
06:30 News - 29/09/2009 - 06:32 AM 
Newsreader
 
SA Scientist, Ravi Naidu says more needs to be done to 
contain lead contamination in Port Pirie and has convened 
a conference in Adelaide called CleanUp 09. He says the 
The Ten By 10 Project is not working effectively. 
© Media Monitors 2009 
Interviewees: Ravi Naidu, SA Scientist
Duration: 0:43

ABC 891 Adelaide (Adelaide) 
14:00 News - 28/09/2009 - 02:01 PM 
Newsreader
 
The SA scientist says there’s an urgent need for a 
global approach to tackle toxic contamination in the 
environment. Ravi Naidu has convened a conference 
called Clean Up 09 in Adelaide to discuss new forms of 
pollution. He says contamination from mines, industrial 
zones and landfill sites is harming the health of millions of 
people around the globe everyday. 
© Media Monitors 2009 
Interviewees: Professor Ravi Naidu, SA Scientist
Duration: 0:37
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ABC 891 Adelaide (Adelaide) 
14:00 News - 28/09/2009 - 02:01 PM 
Newsreader
 
The SA scientist says there’s an urgent need for a global approach to 
tackle toxic contamination in the environment. Ravi Naidu has convened 
a conference called Clean Up 09 in Adelaide to discuss new forms 
of pollution. He says contamination from mines, industrial zones and 
landfill sites is harming the health of millions of people around the globe 
everyday. 
© Media Monitors 2009
Interviewees: Professor Ravi Naidu, SA scientist
Duration: 0:37

ABC 891 Adelaide (Adelaide) 
06:30 News - 28/09/2009 - 06:32 AM 
Newsreader
 
Australia’s top environmental scientists are in Adelaide to discuss new 
forms of pollution. The CleanUp 09 Conference opens today, and will 
explore the use of nano particles and the threat to the environment. 
© Media Monitors 2009 
Interviewees: Peter Martin, Organiser
Duration: 0:41

ABC 720 Perth (Perth) 
13:00 News - 28/09/2009 - 01:06 PM 
Newsreader
 
Ravi Naidu, South Australian Scientist is calling for a global approach to 
tackle toxicity in the environment at the CleanUp 09 conference. 
© Media Monitors 2009 
Interviewees: Professor Ravi Naidu, SA Scientist
Duration: 0:40

3CR (Melbourne) 
Breakfast - 01/09/2009 - 07:17 AM 
Compere
 
Professor Ravi Naidu, the managing director of the Cooperative 
Research Centre for Contamination Assessment and Remediation of 
the Environment, talks about the methods involved with cleaning up 
an oil spill and the impacts on the environment. Naidu says the nature 
of the oil spill is critical for deciding which technology will be used to 
manage and clean up the environment. Naidu says that oil spills in the 
ocean is challenging and most often there is a focus on containment. 
The compere says the oil slick in the Timor Sea off the coast of WA is a 
result of leakage from the West Atlas oil rig. The compere says that slick 
is currently being sprayed with dispersant but the Australian Maritime 
Safety Authority is yet to disclose what type of dispersant are being 
used. Naidu explains the compounds that make up the oil slick and the 
dispersants. Naidu is unsure of what dispersant is being used on the oil 
slick in the Timor Sea. The compere is concerned that the dispersant 
will have a negative impact on the marine life off the coast of WA. Naidu 
expects any damage to the marine life to be short term. Naidu says that 
the oil spills that reach the shoreline are dangerous because it reaches 
the most active part of marine life. Naidu agrees that using dispersants 
is a lesser of two evils. The compere discusses the environmental 
impacts from the Exxon Valdez oil spill in Alaska in 1989. Naidu supports 
energy sources other than oil. 
© Media Monitors 2009 
Interviewees: Professor Ravi Naidu, University of South Australia
Mentions: University of South Australia
Duration: 9:07

TElEvISION

Channel 9 (Adelaide) 
National Nine News - 28/09/2009 - 06:06 PM 
Rob Kelvin and Kelly Nestor
 
International experts are meeting in Adelaide to try and find a solution to 
discarded computers. Electronic waste is causing a mounting headache 
for environmentalists. Delegates at the Hilton Hotel based conference 
are searching for solutions and an international protocol on the matter. 
Last year alone, Austns dumped almost 15m electronic products into 
landfill. Sites such as E-Cycle Recovery recycle electronic products, but 
it comes at a cost of around $14 for every monitor dropped off. 
© Media Monitors 2010 
Interviewees: Professor Sunil Herat; Professor Min Hung Won; Michelle 
Morat, E-Cycle Recovery 
Duration: 1:33
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Glossary
ACIAR   Australian Centre for International Agricultural Research

AETG   Australian Environmental Technology Group

ARIC   Australian Remediation Industry Cluster

ASS   Acid sulfate soils

AFFF   Aqueous film-forming foam

AIP   Australian Institute of Petroleum

AM   Medal of Australia

AO   Order of Australia

BHPBIO  BHP Billiton Iron Ore Pty Ltd

BLM  Biotic ligand model

BOM   Bilirubin oxidative metabolites

BTEX  Benzene, toluene, ethylbenzene, xylenes

CEO   Chief Executive Officer

CERAR   Centre for Environmental Risk Assessment and Remediation (UniSA)

Company  CRC CARE Pty Ltd

CRC   Cooperative Research Centre

CRC CARE  Cooperative Research Centre for Contamination Assessment and Remediation 

 of the Environment

CSIRO   Commonwealth Scientific and Industrial Research Organisation

CSLPD  Contaminated Sites Law and Policy Directory

CW   Chemical warfare agent

CUT   Curtin University of Technology

DERM  Department of Environment and Resource Management (Queensland)

DIISR   Department of Innovation Industry Science and Research

DoD   Australian Department of Defence

EIA  Environmental Impact Assessment

DDT   Dichloro-diphenyl-trichloroethene

EIA  Environmental Impact Assessment

EPA   Environment Protection Authority

FI  Finucane Island

GHD   GHD Pty Ltd

GM  General Manager

IP   Intellectual property

IITK  Indian Institute of Technology, Kanpur

LNAPL   Light non-aqueous phase liquids

MD  Managing Director

MNA  Monitored natural attenuation

MOU   Memorandum of understanding

MSc   Master of Science

MTBE  Methyl tertiary butyl ether

NAPL  Non-aqueous phase liquids
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NA   Natural attenuation

NCSDP   National Contaminated Sites Demonstration Program

NEPC  National Environment Protection Council

NEPM   National Environment Protection (Assessment of Site Contamination) Measure

NGO  Non-government organisation

NZ   New Zealand

PAG   Policy Advisory Group

PAH   Polycyclic aromatic hydrocarbon

PFC   Perfluoro chemical

PFOA  Perfluoro-octanoic acid

PFOS   Perfluoro-octane-sulfonate

PRB  Permeable reactive barrier

SA   South Australia

SCU  Southern Cross University

SEA  Strategic Environmental Assessment

SuRF   Sustainable Remediation Forum

TCE   Trichloroethylene

TPH   Total petroleum hydrocarbons

UK   United Kingdom

UniSA   University of South Australia

UQ   University of Queensland

USA  United States of America

UTS   University of Technology, Sydney

VOC   Volatile organic compound

WA   Western Australia
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CRC CARE PTy lTD ACN 113 908 044

COOPERATIvE RESEARCH CENTRE
fOR CONTAMINATION ASSESSMENT AND REMEDIATION Of THE ENvIRONMENT

CONCISE AuDITED fINANCIAl STATEMENTS
2009-2010

The Concise Audited Financial Statements are an extract from the Audited Financial Statements. The 
financial statements and specific disclosures included in the Concise Audited Financial Statements have 
been derived from the Audited Financial Statements.

The Concise Audited Financial Statements cannot be expected to provide as full an understanding of the 
financial performance, financial position and financing and investing activities of the entity as the Audited 
Financial Statements. Further financial information can be obtained from Audited Financial Statements.

The Audited Financial Statements are available, free of charge, on request to the entity.



90 Financial report

Report of the Board of Directors 
for the year ended 30 June 2010

In respect of the financial year ended 30 June 2010, the Directors of the Company submit the following report made out in 
accordance with a resolution of the Board of Directors:

1. bOARD Of DIRECTORS

The following persons were Directors of Cooperative Research Centre for Contamination Assessment and Remediation of the 
Environment (CRC CARE) Pty Ltd during the financial year and at the date of this report:

Paul J Perkins AM (Chairman)
Professor Ravi Naidu (Managing Director)
Emeritus Professor Max Brennan AO
Emeritus Professor Ian Davey
Dr Rod Lukatelich
Dr Paul Vogel
Ms Susan Smith
Mr Mark Hender
Mr Charles Wong
Dr Peter Nadebaum, appointed 15 November 2009

2. PRINCIPAl ACTIvITIES Of THE COMPANy 

The Company is domiciled in Australia.  Its registered office and principal place of business is:
Building X
University of South Australia
MAWSON LAKES  SA  5095

The Company was incorporated to manage and govern the CRC CARE (“the Centre”).

The objective of the Centre is to promote research and post-graduate education for the development, commercialisation and 
extension of advanced technologies and methods for:

a) assessing contamination risks to land, groundwater and air
b) managing and/or remediating contamination
c) developing safe options for land use and the reuse of wastes on land
d) developing solutions that are acceptable to regulatory agencies and the public, and 
e) capacity building. 

3. DIvIDENDS

There were no dividends declared or paid to shareholders during the year ended 30 June 2010.

4. TRADINg RESulTS

The net profit, after tax, of the consolidated entity for the period was $Nil (2009: $Nil).

5. REvIEw Of OPERATIONS 

Details on significant aspects of the operations of CRC CARE can be referenced in the Annual Report sent to all Participants 
contributing funding to the Company.
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6. SIgNIfICANT CHANgES IN THE STATE Of AffAIRS

During the period the Company received contributions on a cash basis of $13,219,771 (2009: 
$11,918,873) and in-kind contributions of $8,467,905 (2009: $7,908,017).

The Company budgeted Research Projects and Scholarships for cash expenditure of $21,993,397 (2009: 
$33,267,664) and in-kind expenditure of $11,222,982 (2009: $18,248,247) over a two year period.

The request for changes to the terms of agreement with the Commonwealth, submitted in May 2009, 
were accepted by the Commonwealth and a Deed of Variation effecting these changes was executed in 
2009-2010.

7. MATTERS SubSEquENT TO THE END Of THE fINANCIAl yEAR

At 30 June 2010 outstanding cash funds from shareholders and supporting participants were $670,839 
(2009: $511,995), and in-kind contributions totalled $nil (2009: $1,894,818) valued in accordance with the 
terms of the agreement with the Commonwealth.

Since balance date the Company has received overdue cash payment contributions of $318,642 (2009: 
$511,995). The remaining amount of $352,197 (2009: $68,750) relates to contributions committed by 
Victorian Urban Development $11,000 (2009: $Nil) and third party contributions committed by KP & P 
Africa $341,197 (2009: $Nil) and should be received during the 30 June 2011 year.

8. lIkEly DEvElOPMENTS AND ExPECTED RESulTS Of OPERATIONS

The Directors believe that it is reasonable to expect that the Centre’s research program will not be 
disadvantaged by the changes resulting from the Deed of Variation (the Deed) that was executed in 2009-
2010 and the CRC remains on track to meet its objectives and deliver its planned outcomes as described 
in the Deed.

Further information on likely developments in the operations of the Company and the expected result of 
operations is available in the Annual Report of the Company.

9. ENvIRONMENTAl REgulATION

The entity is subject to significant environmental regulation relating to the testing of contaminated sites and 
the formulation of proposals for the remediation of contamination in the environment.

Personnel of the entity and entities providing research services to the Company are required to conform to 
site specific Environmental Health and Safety plans when entering and working on contaminated sites.

There have been no significant breaches of such environmental regulations or plans.

10. INSuRANCE Of OffICERS

During the financial period, the Company paid a premium of $10,387 (2009: $12,888) to insure the 
Directors and Secretary of the Company.

The liabilities insured are legal costs that may be incurred in defending civil or criminal proceedings that 
may be brought against the officers in their capacity as officers of the Company, and any other payments 
arising from liabilities incurred by the officers in connection with such proceedings. This does not include 
such liabilities that arise from conduct involving a wilful breach of duty by the officers or the improper use 
by the officers of their position or of information to gain advantage for them or someone else or to cause 
detriment to the company. It is not possible to apportion the premium between amounts relating to the 
insurance against legal costs and those relating to other liabilities.
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11. AuDITORS’ INDEPENDENCE DEClARATION 

A copy of the auditors’ independence declaration as required under section 307C of the Corporations Act 2001 is set out on page 
93.

This report is made in accordance with a resolution of the Board of Directors.

For and on behalf of the Board of Directors

Paul J Perkins AM
CHAIRMAN
Dated: 10 September 2010

Professor Ravi Naidu
MANAGING DIRECTOR
Dated: 10 September 2010
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Statement of comprehensive income 
for the period ended 30 June 2010
 The Company

 Notes 2010 2009

  $ $

Revenue

Allocated revenue 1 21,803,483 20,883,479 

 

Expenses   

Advertising  - 432

Consultants fees  206,093 109,939

Depreciation  - 5,224

Employee benefits expense  707,925 872,203

Finance costs  8,949 8,320

IT expenses  17,193 66,871

Legal expenses  52,114 65,649

Recruitment  49,432 62,563

Research expenditure – cash  11,835,526 10,896,121

Research expenditure – in-kind  8,467,905 7,908,017

Travel  101,129 261,453

Other  357,217 626,687

Total expenses  21,803,483 20,883,479

  

Income tax expense  - -

  

Net profit/(loss) attributable to members of CRC CARE  - -

  

Other comprehensive income  - -

  

Total comprehensive income  - -
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Statement of financial position 
for the period ended 30 June 2010
 The Company

   2010 2009  

   $ $

CURRENT ASSETS

Cash and cash equivalents  8,523,705 6,427,632

Receivables  739,854 623,332

Other   122,426 1,039,020

Total current assets  9,385,985 8,089,984

   

NON-CURRENT ASSETS   

Property, plant and equipment  - -

Investments  - -

Total non-current assets  - -

   

TOTAL ASSETS  9,385,985 8,089,984

   

CURRENT LIABILITIES   

Payables  81,114 198,695

Provisions  54,231 56,362

Accrued expenses  2,607,107 2,350,738

Deferred revenue  6,643,520 5,359,178

Total current liabilities  9,385,972 7,964,973

   

NON-CURRENT LIABILITIES   

Deferred revenue  - 125,000

Total non-current liabilities  - 125,000

   

TOTAL LIABILITIES  9,385,972 8,089,973

   

NET ASSETS  13 11

   

EQUITY   

Contributed equity  13 11

TOTAL EQUITY  13 11
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Statement of changes in equity 
for the period ended 30 June 2010
 The Company

 Contributed  Accumulated 

 Equity Profit Total

 $ $ $

EQUITY    

Balance at 1 July 2008 11 - 11

Total comprehensive income for the year - - -

Balance at 30 June 2009 11 - 11

    

Total comprehensive income for the year - - -

 - - -

Transactions with shareholders   -

Contributions of equity 2 - 2

 2 - 2

Balance at 30 June 2010 13 - 13
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Statement of cash flows
for the year ended 30 June 2010
 The Company

 Notes 2010 2009  

  $ $

CASH FLOWS FROM OPERATING ACTIVITIES   

Cash contributions received from the Commonwealth  5,000,000 5,250,000

Cash contributions received from all participants  8,219,771 6,668,873

Training course fees  641,630 48,344

Testing revenue  45,391 1,200

Other  179,470 1,358

Payments to suppliers and employees  (12,057,132) (13,233,920)

Payments of GST and Group Tax  (1,435,357) (1,156,642)

Receipt of GST  1,222,625 855,359

Net cash flows from operating activities  1,816,398 (1,565,429)

   

CASH FLOWS FROM INVESTING ACTIVITIES   

Payments for property, plant and equipment  - -

Interest received  279,672 401,617

Proceeds from sale of property, plant and equipment  - -

Net cash flows from investing activities  279,672 401,617

   

CASH FLOWS FROM FINANCING ACTIVITIES   

Proceeds from issue of shares  2 -

Net cash flows from financing activities  2 -

Net increase/(decrease) in cash held  2,096,073 (1,163,812)

Cash at beginning of financial year  6,427,632 7,591,444

CASH AT END OF FINANCIAL YEAR  8,523,705 6,427,632
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Notes to the financial statements 
for the period ended 30 June 2010
 The Company

 Notes  2010 2009

   $ $

1.  REVENUE

Allocated contributions from Participants – cash  12,017,631 12,301,614

Allocated contributions from Third Parties – cash  134,357 221,329

Allocated contributions from Participants – in-kind  7,950,559 6,969,082

Allocated contributions from Third Parties – in-kind  517,346 938,935

Interest received or due and receivable  306,100 401,617

Training fees  641,630 48,344

Testing revenue  45,391 1,200

Other income  190,469 1,358

Total   21,803,483 20,883,479 

  
For discussion and analysis of the financial statements, please refer to the Report of the Board of Directors and the CRC CARE 
2009-10 Annual Report accompanying these Concise Audited Financial Statements.
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In accordance with a resolution of the Board of Directors of the Company, the Directors declare that in 
their opinion the Concise Audited Financial Statements comply with Accounting Standard AASB 1039; 
Concise Financial Reports and that:

(a)  the Concise Audited Financial Statements are an extract from the Audited Financial Statements

(b)  the financial statements and specific disclosures included in the Concise Audited Financial 
Statements have been derived from the Audited Financial Statements

(c)  the Concise Audited Financial Statements cannot be expected to provide as full an 
understanding of the financial performance, financial position and financing and investing 
activities of the entity as the Audited Financial Statements

(d) further financial information can be obtained from Audited Financial Statements, and 

(e)  the Audited Financial Statements are available, free of charge, on request to the entity.

For and on behalf of the Board of Directors

Paul J Perkins AM
CHAIRMAN
Dated: 10 September 2010

Professor Ravi Naidu
MANAGING DIRECTOR
Dated: 10 September 2010

Board of Directors’ Declaration
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CRC CARE Partners 2009-10
Agilent Technologies Australia Pty Ltd

Alcoa World Alumina Australia

Australian Institute of Petroleum Ltd

BHP Billiton Iron Ore Pty Ltd

BHP Billiton Worsley Alumina

Capital Technic Group Pty Ltd

ChemCentre (WA)

Chevron Australia Pty Ltd

CH2MHILL Australia Pty Ltd

Coffey Environments Pty Ltd

Curtin University of Technology

Department of Defence

Department of Environment and Conservation (WA)

Environment Protection Authority (SA)

Environment Protection Authority (Victoria)

FibreCell Australia Pty Ltd

GHD Pty Ltd

HLM Asia Group Ltd

James Cook University 

Southern Cross University

Technological Resources Pty Ltd (Rio Tinto)

University of Queensland

University of South Australia

University of Technology, Sydney

Victorian Urban Development Authority (VicUrban)

CRC CARE is a partnership of organisations dedicated to 
developing new ways of dealing with and preventing contamination 
of soil, water and air including solid and liquid waste management.

Our aim is to focus Australia’s foremost expertise and resources on this 
issue and to develop close links with research partners at the cutting edge 
in this field around the world.

Our goals
■  SolutionS foR induStRy

To develop cost-effective and commercially sustainable solutions and technologies 

within regulatory and policy frameworks for the identification and remediation of 

contamination problems of key importance to Australia and the Asia-Pacific region

■  HigH quAlity RESEARCH 

To deliver research quality that positions CRC CARE as a national centre of 

excellence with international standing and reputation, ensuring our outcomes 

are recognised and utilised globally

■  dEvElop tHE buSinESS

To lead the development of a new export industry in environmental 

risk assessment and remediation through the delivery of solutions 

and technologies, and support their implementation with training 

programs that develop and improve the environmental 

management skills of the industry’s labour force

■  dElivER publiC bEnEfitS

To ensure the effective adoption of our solutions and 

technologies, leading to health, environmental and economic 

benefits to the Australian public through reduced exposure 

to toxic contaminants and improved amenity of our cities 

as a result of cost-effective remediation/management of 

urban land

■  CApACity building

Through university and short-term training, 

educate a generation of researchers and 

practitioners highly skilled at solving and 

preventing the problems of contamination, 

solid and liquid waste management and create 

employment opportunities in the industry for 

these specialists.

Front cover image of UniSA PhD student Jason Du: courtesy of Jo-Anna Robinson/The Advertiser.



Tel:  +61 (0) 8 8302 5038
Fax:  +61 (0) 8 8302 3124
Email: admin@crccare.com
Web: www.crccare.com 

CRC CARE Pty Ltd
University of South Australia
Mawson Lakes
South Australia 5095

P.O. Box 486
Salisbury South
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Australia
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