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EXECUTIVE SUMMARY

This is an Interim Report for the WA Premier's Water Foundation project #017 05
“Assessing the public health impacts of recycled water use”. This project is designed
to evaluate the safety of existing and proposed recycled water use in communities of
Western Australia (WA) using a public health-based risk assessment; and by March
2010 to have finalised a set of Targeted End User Protocols (TEPs) for water
sampling and modelling of health risks for specific applications of recycled water.

The Report is divided into the following main sections

Summary of project achievements

Since the commencement of the project in 2007, a critique of existing guidelines in
relation to WA water recycling schemes has been conducted, including an
assessment of the relevant benefits and hazards with respect to water recycling
activities in Western Australia (WA), drawing on the existing and proposed
frameworks established by the National Water Recycling Guidelines (2005) and the
Draft WA Water Recycling Guidelines (2006). As a result of this process, the project
leaders have identified key knowledge gaps and defined modelling scenarios for the
project, based on the areas of most urgent need and greatest uncertainty for WA
recycled water projects (see below).

Two workshops have been conducted, pertaining to: (i) evaluating methods for
Quantitative Risk Assessment (QRA) and epidemiological analysis and to set the
basis for providing socially relevant risk assessments on recycled water proposals;
(if) defining community perceptions of recycled water. Summary documents of the
Workshop presentations and principal conclusions were developed and circulated to
all members of the research team and external reviewers.

Critique and identification of knowledge gaps in as sessing safety of recycled
water

To date, our analyses have highlighted the following shortfalls in the available
literature and guidelines on recycled water:

— There is little development of systematic approaches for assessing and
prioritising chemical toxicants that may potentially found in recycled water:
There are insufficient safety projections for many emerging chemicals, include
endocrine disrupting chemicals (EDCs), pharmaceuticals, new disinfection by-
products (e.g. nitrosodimethylamine — NDMA), and complex mixtures.

— Risk inference is often confined to only a few simplistic endpoints: The range
of potential health effects explored is limited, and few analyses attempt to
explore consequences of long-term contact with recycled water.

— Combined analysis of toxicological and epidemiological evidence is usually
absent or incomplete: Evidence from multiple sources may be required to
determine health effects, such as whether an agent that is toxic at high doses
exerts a health effect at low doses, or whether it is plausible to extrapolate the
effect of other related compounds. These weight-of-evidence conclusions
about public health hazards posed by exposure to recycled water have either
not been performed or have been undertaken at a qualitative level only.
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— Existing evaluations fail to predict possible health end-points for a range of
water applications (e.g. for irrigation; horticulture; consumption etc).

— The methods currently used do not plausibly manage uncertainty in evaluating
system efficiency and possibilities of failure

— There is failure to develop protocols that are interpretable by end-users but
also allow flexibility in modelling

Integrated risk assessments for assessing recycled water use
With respect to water recycling, health risk assessment components include
consideration of:

— Pathogen exposure

— Chemical exposure

— System reliability / hazardous events analysis

Such assessments are undertaken for a number of reasons, including prediction of
the burden of waterborne disease in the community in both outbreak and non-
outbreak conditions and setting target reference pathogen/chemical levels for
recycled water supplies that will equate to tolerable levels of illness within
populations exposed to that water. At present, the most widely used and validated
model in Australia is Quantitative Microbial Risk Assessment (QMRA), a
mathematical risk assessment model that can accurately predict the risk associated
with exposure to reference pathogens in the key pathogen groups (bacteria, viruses
and protozoa) in source waters. Although the traditional approach has related to
estimates of some “tolerable risk”, this fails to consider the varying severity of
outcomes associated with different hazards (for example, the differences between
mild diarrhoea, cancer and death as outcomes). This shortcoming can be overcome
by measuring severity in terms of disability adjusted life years (DALYS), which have
been used extensively by agencies such as the World Health Organization (WHO).

Traditional estimations of risks to human health from exposure to chemicals are
based upon extrapolations of animal exposure toxicological data, which is then used
to determine safe levels of chemical contaminants in drinking waters. ‘Dose-
response’ relationships can be determined from these data to determine safe levels
of specific chemical contaminants in drinking waters.

Screening health risk assessments are useful for undertaking a preliminary
assessment of the chemicals of concern in recycled water. Potential health impacts
are calculated using risk quotients in which measured concentrations are compared
against benchmark values. Chemicals are then classified into one of three tiers
dependant upon the level of regulatory and toxicity data available.

Framework for targeted end-user protocols (TEPs) fo  r recycled water use

The key conclusions from the project have been integrated and will be used in the
development of targeted end-user protocols (TEPs). The development and
publication of TEPs is being applied to all major contexts in which recycling occurs
(e.g. residential, industrial/ occupational, and recreational applications) to identify the
degree of differential risk - if any - posed by these modes of contact with recycled
water. Where appropriate, the system approach outlined in the Drinking Water
Guidelines and Recycled Water Guidelines will be incorporated into this approach.
The targeted end-user protocols are classified into a number of evaluation nodes
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that lead to decision nodes designed to guide management. This project will
advance the traditional, semi-qualitative methods for assessing the safety of water
contaminants by using Bayesian approaches to estimate parameters. Depending
upon the activity of the agent or the state of knowledge on toxicological effect,
probabilistic analysis with WinBUGS will involve determination of the range of
plausible risk estimates using Monte Carlo simulations. This process will permit
estimation of additional lifetime disease burden at an average intake over a set
duration of time, with appropriate interval estimates.
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1. Review of Project Objectives

This project is designed to evaluate the safety of existing and proposed recycled
water use in communities of Western Australia (WA) using a public health-based risk
assessment; and by March 2010 have finalised a set of Targeted End User Protocols
(TEPs) for water sampling and modelling of health risks for specific applications of
recycled water.

In achieving the objectives for treated wastewater recycling established by the State
Water Strategy for Western Australia, it is critical to consider the public health
implications - and interrelated community perceptions - of recycling projects. In all
forms of recycled water use (industrial recycling, grey water, rainwater, third-pipe
water, agricultural recycling etc.) the “big unknown” remains the correct quantification
of health risks. Any recycling scheme is unlikely to be successful without the
community’s acceptance, and it is essential to achieve a higher degree of
epidemiological and quantitative risk assessment (QRA) integration to guide
decisions on adequate and safe use of all potential applications of recycled water,
such as in commercial and residential subdivisions, schools, sports facilities, and
horticultural irrigation.

This project has been specifically designed to address the following issues:

(a) identifying and filling the gaps in the current and future application of recycled
water guidelines in Western Australia;

(b) guiding State management decisions to convert a greater number of facilities
and vegetated areas to irrigation with recycled water;

(c) to develop a risk framework for adequate interpretation of community concerns
related to use of recycled water;

(d) providing WA communities with a public health-based safety analysis to
address community concerns regarding safety of recycled water use.
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2. Summary of achievements to 09/2008

2.1.

Critique of existing research and guidelines f
/ Identification of knowledge gaps and planning of

or recycled water schemes
risk modelling scenarios

A critigue of key themes was undertaken from a review of available literature,
assessment of Australian recycling water guidelines, key informant discussions and
the Workshops. The critique and identification of knowledge gaps is covered in more
detail in Section 3 and 4 . Each of the titles below will be used as a major section
heading for the final project document and will guide the structure of sections of the

handbook produced from this Project.

Based on our exploration of the literature and expert consultation, a range of
information gaps relating to recycled water and assessment of safety from its
In broad terms, UWA is focussing on the
evaluation of chemicals of concern and the UNSW team is assessing the

utilisation have already been identified.

microbiological risks to elucidate where the literature is incomplete.

2.2. Agency approvals for participation

The following agencies have given approval to access recycling schemes and/or

identified schemes that are relevant for research within this PWF research project:

Water Corporation - Mark Nener

Kwinana — reclamation plant
Albany — tree farm

Broome — golf course
Esperance — ovals/golf course
Pinjarra — industry

Department of Health — Neil McGuinness (now Richard

Busselton — woodlot/golf course

Theobald)

Recycling schemes in the following areas:

Kalgoorlie/Boulder
Northam

Esperance

Broome
Karratha/Roebourne

Local Governments

Shire of Broome — Danielle Rippin

City of Kalgoorlie-Boulder — Alex Wiese
Shire of Northam — Phillip Steven

Town of Port Hedland — Darryal Eastwell
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2.3.  Workshop 1: Methods for assessment of recycled water proposals

The workshop Evaluating methods for quantitative risk assessment (QRA) and
epidemiological analysis was conducted over 3-4 December 2007.

The attendees were:
Phil Weinstein — UWA
Angus Cook — UWA
Clemencia Rodriguez — UWA
Brian Devine — UWA
Richard Lugg — DoH
Neil McGuinness — DoH
Richard Theobald — DoH
David Roser — UNSW
Stuart Khan — UNSW
Peter Taylor — Chemistry Centre WA
Nick Ashbolt — USEPA (1 hour Skype conference on 4" Dec)

(Apologies from Jim Dodds — DoH, David Cunliffe — SA Health)

The purpose of the workshop was to identify knowledge gaps and define risks
from recycled water to intended and unintended end users within the risk
modelling approach.

The main issues discussed pertained to:

— risk of viable pathogens or their toxins not being completely removed in
the treatment process, thereby causing an excess burden of infectious
disease;

— risk of 'chemicals of concern' (such as organic compounds; heavy
metals; pharmaceutical by-products etc) not being removed in the
treatment process, thereby causing toxicological effects (e.g. endocrine
disruptors, which have been linked to infertility and cancers in animal
models)

The main problems arise in inferring risk, particularly for long-term contact with
recycled water. One of the principal objectives of this project is to assign some risk
estimate and predict possible health end-points for a range of water applications.
This seeks to include:

(a) in urban and rural communities;

(b) in occupational sites (e.g. agricultural/ mining sites);

(c) in recreational areas, including sports grounds;

(d) in schools/childcare centres;

(e) in the development of new residential or commercial subdivisions;

(f) unintended/illegal uses and contacts with the recycled water stream

Suggestions for sites to evaluate in Western Australia include sites in metropolitan
Perth, as well as regional centres where recycled water is already in use (such as
Northam, Karratha, Esperance, Broome, and Kalgoorlie).

The presentation accompanying the Workshop sessions appears in Annexes 1-4.
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Major conclusions are included below in Section 3 and 4 .

2.4. Workshop 2: Risk analysis and community perce  ptions of recycled
water; Presentation of workshop results

The workshop Evaluating community perceptions of recycled water was
conducted over 11-12 March 2008.

The attendees were:
Phil Weinstein — UWA
Angus Cook — UWA
Clemencia Rodriguez — UWA
Brian Devine — UWA
Jim Dodds — DoH
Richard Lugg — DoH
Richard Theobald — DoH
Anne Bennett — DoH
Zoe Leviston — CSIRO
Alison Browne — CSIRO
Michael Burton — UWA
Fiona Gibson — UWA
Dan Rigbhy — UWA
Mark Nener — Water Corporation
Liz Petrow — Water Corporation

(Apology: Neil McGuinness — GHD; Leah Rheinberger — Water Corporation)

The purpose of the workshop was to
() identify factors contributing to public accepta nce to the use of
recycled water;
(ii) assess the impact of such perceptions on the P WF project on safety
of recycled water in Western Australia.

Powerpoint presentations by Angus Cook ‘Evaluating Community Perceptions of
Recycled Water’ were copied and provided to participants. The presentation appears
in Annexe 5. A discussion paper ‘Information from research on people’s perception
that may be considered for factoring into risk assessment/risk communication of
alternative water supplies’ was prepared for the workshop by June Marks, a social
science researcher at Flinders’ University in Adelaide and provided to participants.
The document is included in Annexe 6.

Major conclusions are included in Section 3 and 4 .
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2.5. PhD projects

It was intended that PhD students would be recruited in the project under joint
supervision by UWA / WA Department of Health (under Weinstein/McGuinness) and
CSIRO (under Toze) to research the following themes:
— Development of health risk assessment methodologies to address
recycled water needs in Western Australia
— Persistence of microbiological and chemical contaminants in differing
recycled water systems.

Advertisements calling for two PhD students for the PWF Project were placed in the
following:
— School of Population Health Postgraduate Scholarship in Life and Physical
Sciences and Postgraduate Scholarship in Medicine and Dentistry on 13
June 2007,
— Joint Academic Scholarship online Network on 13 June 2007,
— Uniview News June 2007,
— Australian newspaper 4 July 2007, and
— FindAPhD.com 26 July 2007.

The advertisements attracted 18 persons expressing an interest in undertaking
research in the two areas indicated. All were considered suitable and advised to
apply through the normal process with the University for a PhD scholarship.
Unfortunately those that did apply were not successful in gaining a PhD placement.

We have developed an alternative plan for completion of the work as follows:
— part-time employment of postgraduate Public Health students to assist
with literature review and analysis
— statistical assistance from Professor Kerrie Mengersen at the School of
Mathematical Sciences at Queensland University of Technology

These strategies will ensure that the project milestones are completed by the agreed
dates.

2.6. Review of other project criteria

Status of future deliverables

As of 09/2008, it is anticipated that all future Deliverables for this project (apart from
those mentioned above pertaining to recruitment of PhD students) will be achievable.
It is expected that the timeframe and resources available are appropriate for the
completion of the remaining tasks and no revisions are requested at this time.

Identification of risks to project

As of 09/2008, the major potential risks as described in the original Work plan have
not arisen and thus it is not foreseen that the completion of the project will be
impeded. No additional risks related to this project have been identified at this time.
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Budget/Resources
As of 09/2008, the budget and resources related to this project are sufficient to allow
completion of the project as planned.
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3. Critique and identification of knowledge gaps in
assessing safety of recycled water

| 3.1.  Functions of water recycling schemes

(i) Background

The National Water Quality Management Strategy — Australian Guidelines for Water
Recycling: Managing Health and Environmental Risks (Phase 1), defines recycled
water as “Water generated from sewage, greywater or stormwater systems and
treated to a standard that is appropriate for its intended use”. The primary sources
and contributory waste streams to recycled water are thus: (i) greywater sourced
from kitchen, laundry and bathroom drains; (ii) sewage effluent collected from all
internal household drains (therefore containing high concentrations of faecal
material/urinary metabolites passed through toilets) as well as wastes from industrial
and commercial premises; (iii) stormwater from rain draining into the stormwater
system from roofs (rainwater), roads, footpaths and other ground surfaces.

The process of recycling water for human consumption can be analogised to a path
with several barriers. In the context of the widely employed HACCP approach, there
are a number of key control steps for producing an effluent, which (depending on the
end uses) will be of sufficient quality that it poses no unacceptable risk to human
health, food sources (e.g. crops and livestock) or the environment. The first control
step is the adequate pre-treatment of effluent (such as using filtration and reverse
osmosis) to ensure that selected disinfection processes work efficiently. The second
control step is to ensure that the actual disinfection produces an effluent meeting the
required quality standards (Asano, 1998).

The current best available technology for recycling projects is the use of ultrafiltration
or microfiltration as pre-treatment for reverse osmosis. Secondary effluent from
conventional wastewater treatment plants is treated by MF, which is a low-pressure
membrane with a pore size of 0.01 um. MF can remove most of the fine suspended
solids, bacteria, Cryptosporidium, Giardia, some viruses and protozoan cysts (van
der Graaf, 1999; OCWD and OCSD, 2004; Lazarova, 1999; Beverly, 2001). After MF
the water passes through the RO, a high-pressure process that forces water through
the molecular matrix of a RO membrane. This membrane separates out minerals
and other pollutants, including salts, heavy metals, viruses, and pesticides (Beverly,
2001; Lacy, 2005).

Although MF and RO are reliable and robust barriers, they will not provide a 100%
rejection of potential contaminants that may be present in the recycled water. Thus,
the implementation of different steps in the treatment (also called the multiple
barriers treatment) has been implemented as a public health precautionary principle
to ensure the continued reliability of the treatment process. The reliability of the
treatment system is assured because the failure in one process component must not
compromise the quality and the safety of the distributed water to the community.
Additional barriers outside the advance treatment process include dilution and
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natural degradation of the recycled water in the water body followed by drinking
water treatment before distribution to the community.

Disinfection of the recycled water is the most important part of the treatment process
to protect public health, and is usually the final step in the treatment process. The
level of disinfection required depends on the intended final use of the recycled water
and the likely level of human contact. Disinfection of recycled water is achieved
using a variety of methods, including: chemical (e.g. chlorination, ozonation);
physical (e.g. ultraviolet radiation); biological (for example, detention lagoons).

The various treatment stages and their removal capabilities are summarised in Table
3.1.1 (Landcom, 2006):

Table 3.1.1 Treatment technologies and their pollut  ant removal abilities

Table 5. Qverview of treatment technologies and their pollutant removal abilities*

Suspended Biodegradable organics | Nutrients: | Nutrients: Salts Pathogens
solids (TSS) | (BOD removal) nitrogen phosphorus®
Biological - L
Yes Yes Yes Limited Mo Limitad
processes
Natural systems Yes Yes Yes Yes Mo Good
Recirculating - .
o Yes Yes Yes Limited Mo Limited
media filter
Media filtration Yes Function of size Limited Limited Na Limited
Membrane ] Reverse ]
) . . . Function . ) . Function of
filtration Yes Function of size A Function of size OSMosis )
of size size
anly
I'u"I.embra ne Yes Yes Fun§t|o n Function of size No Func.t|on of
bioreactor of size size
Subsurface flow Yes Yes Yes Yes Na Good*®
wetland
Disinfection No Mo No Mo Mo Yes

(Landcom, 2006)

The efficacy of various treatment methods for microbes has been summarised are
summarised in Table 3.1.2 (Toze, 2006):

Table 3.1.2 Examples of maximum and minimum log red uction via different treatment
processes

Treatment Faecal coliforms  Enteric viruses  Phage C. parvum  Giardic  Helminths
Secondary 23 3 1.6-6.6

Ponds 0.11-0.39 1 16 1.7-3
Chlorination 3 0.1-23 01

03 23 315-6 2-4

uv 235 4-6

Membrane filtration 7 =6 6-7 i]

(Toze, 2006)
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(||) Key issues relevant to current project
Currently schemes must manage a highly contaminated water source, and
advanced water treatment is required to efficiently remove microbial and
chemical contaminants.

Water safety plans based on barrier controls, as appropriate, are essential
elements.

The modern systems provide a very high degree of removal for many chemical
contaminants.

The difference between expected performance and potential failures (with its
associated risks of catastrophic contamination) is significant, and accordingly the
concept of ‘risks’ in this situation is driven by ‘hazardous events’. A hazardous
event may be the weakest link in a water safety plan.

« The impact of environmental processes on pathogen and chemical decay
remains uncertain, and the efficiency of these natural removal processes must be
assessed in greater detail before their levels of contaminant removal may be
estimated.

* It is recommended that an open audit system is developed and a process for
reviewing results. These must be available and accessible to government
agencies.

| 3.2. Existing recycled water guidelines

(i) Background

Different regions using recycled water have developed various approaches to ensure
health and environmental protection. In the US, there are no federal regulations
governing recycled water and criteria are developed at the state level. Therefore,
states operating recycled water projects, such as California, Washington, Arizona
and Florida, have developed various guidelines. Criteria among states are generally
similar and tend to be conservative with an emphasis on maintaining protection of
public health (Crook, 2005). In California, for example, groundwater recharge of
potable aquifers requires secondary treatment, filtration, disinfection, and advanced
wastewater treatment. Water quality goals include: pH 6.5-8.5; turbidity less than 2
nephelometric turbidity units; no detectable faecal coliform; less than 1 mg/L chlorine
residual, total organic carbon (TOC) less than 1.0 mg/L; and compliance with all
drinking water standards (CDHS, 2002). In Florida, recycled water projects have to
meet primary and secondary drinking water standards, TOC less than 3.0 mg/L, total
organic halides less than 0.2 mg/L, and total nitrogen less than 10.0 mg/L (Crook,
2005; Florida DEP).

Recycled water guidelines are based on both monitoring requirements and
performance standards (lvahnenko, 2004). The California Department of Human
Services (DHS) released the first draft criteria for indirect potable reuse via
groundwater recharge in 2001. These guidelines are considered the most developed
so far and include monitoring requirements related to nitrogen compounds,
unregulated emerging chemical contaminants (such as endocrine disruptors and
pharmaceuticals), and TOC limits (Crook, 2002). The groundwater recharge reuse
draft was released in January 2007, and the DHS is continually updating the
guidelines as more information is available. In 2007 the DHS published a report
related to technologies that have been recognised as being accepted for compliance
with treatment requirements of the California Recycled Water Criteria (CDHS, 2007).
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RO is required for all injection projects and the minimum retention time in the
aquifers is set at 12 months.

In relation to guidelines for recycled water, several approaches using a risk
management framework have been developed as a measure of reducing
contaminants in the final product, and therefore providing a minimum level of risk,
including Best Available Technology (BAT) (Paustenbach, 1995), the Life Cycle
Analysis (LCA) and the Hazard Analysis and Critical Control Points (HACCP) (Miller,
2005, WHO, 2003). The HACCP concept was originally developed for risk
management decisions involving health and safety in food and pharmaceuticals
(FAO/UNCHS/UNEP, 1998; Kirby, 2003; U.S. FDA, 1997) and has recently been
introduced to drinking water (Miller, 2005) and recycled water (Dewettinck, 2001;
Westrell, 2004; WHO, 2003). The HACCP approach was used in the Australian
Drinking Water Guidelines (NHMRC and NRMMC, 2004) and in the National
Guidelines for Water Recycling Phase 1 (EPHC & NRMMC, 2005). These later
guidelines include a risk management framework and specific guidance on
managing the health risks associated with the use of recycled water for all
applications other than potable use. The guidelines are intended to provide a unified
approach across Australia, and applications will be included in the second phase
which is currently being developed.

(||) Key issues relevant to current project
The system approach outlined in the Drinking Water Guidelines and Recycled
Water Guidelines will be relevant in this project particularly for regional areas. We
may need a different protocol for small systems.
With the release of the National water recycling guidelines, it is important that
Western Australia does not depart from the guidelines unless there is a good
reason to do so. A critical review to identify gaps and relevance to Western
Australia essential. Researchers also need to consider where guidelines may not
be specific to Western Australian situation and develop protocols for these areas.
It is critical to show different technologies and how they vary from each other e.g.
what barriers or processes are included and what are excluded.
Development of ‘scenarios’ is an important approach to be developed for this
project and may include ‘exclusions’ of what should not be done in a given
situation. We must also to consider how far “down the track” do scenarios need
to explore e.g. mosquito issues around treatment sites.
We must indicate exposure pathways and likely health impacts and what the
‘uncertainty’ factors are.
Operational matters are considered the weakness in any system and will need to
be adequately addressed in any guidelines.
Proper management systems are of critical importance and should be highlighted
in the report.

| 3.3. General issues in recycled water monitoring

(i) Background

It is accepted that advanced treatment methods can produce recycled water in
compliance with drinking water standard and guidelines. Although this compliance is
fundamental for the public health protection, it is not necessarily sufficient to
guarantee the safety of the recycled water. Wastewater comprises several
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contaminants from different sources including domestic, industrial and agricultural
discharges. As a consequence, monitoring of emerging and non-regulated
contaminants present or suspected to be present in wastewaters needs to be
implemented to demonstrate that the concentrations of these contaminants, if
present after the treatment, do not pose any additional health risk.

Many recycled water projects now implement monitoring programs to evaluate the
treatment efficiency in rejecting organic contaminants, including endocrine
disruptors, pharmaceuticals and personal care products and other unregulated
compounds. Antibiotics are of special interest because of growing concerns over
antimicrobial resistance in human medicine. Disinfection by-products may be
generated during the treatment and some of them can be stable, polar and toxic,
such as N-nitrosamines and trihalomethanes. Their formation should be avoided or
their removal must be ensured in any potable reuse project. Endocrine disruptors
(particularly those with an estrogenic effect) produce adverse effects in fish and
other species at low concentrations. Within the framework of the precautionary
principle, the reliability of treatment methods in removing such compounds needs to
be demonstrated for the protection of human health.

New monitoring approaches are required to ensure adequate health protection for a
number of reasons: (i) several unregulated chemicals of concern are not routinely
included in monitoring programs; (i) many emerging chemicals of demonstrated or
suspected health concern have not as yet standard analytical methods; (iii) some
current analytical methods have detection limits above the toxic effects
concentrations; and (iv) the possibility of other unknown toxic chemicals in the
recycled water. On-line biomonitoring systems have been developed in recent years
to evaluate potential health impacts without using concentrates of recycled water by
using behavioural and/or physiological stress responses of organisms exposed in
situ (Gerhardt, 2006). Biomonitoring provides additional assurance that untested or
not yet detected chemicals of concern would not go undetected. Biomarkers for
endocrine, developmental, and potential reproductive effects in aquatic organisms
exposed to recycled water are under development and seem to be a promising area
(Schlenk, 2006).

Potential human health effects of previously untested contaminants may necessitate
additional regulations. It is fundamental to establish whether these emerging
contaminants of concern may pose an additional risk to human health at the
concentrations currently reported in recycled water. In order to address the potential
effects of organic micropollutants in recycled water, the Western Australia trial
project developed a three-tiered approach to systematically evaluate the measured
concentrations of contaminants in recycled water against benchmark values. The
benchmark values are: (1) drinking water guidelines for regulated chemicals, (2)
reference doses or slope factors for unregulated contaminants with toxicological
information and (3) the value derived from the threshold of toxicological concern
model for unregulated contaminants with limited or no toxicological information
(Rodriguez, 2007). This screening approach may help regulators to identify
contaminants that require further health risk assessment or need for more
toxicological studies. It may also help to communicate the study findings in an
effective manner to the community.
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(ii) Key issues relevant to current project
Monitoring of recycled water treatment

Monitoring theory and practice is certainly not ideal at this time
End point testing is the last verification point of the system; however control
points are the most important to ensure that the reduction of pathogens or
chemicals to safe levels has been achieved.
It is critical to ensure that any low-level treatment failures must not continue. Itis
unsure how this is achieved based on current monitoring recommendations
In any recycled water monitoring system, we need to distinguish between:
— Routine monitoring vs. hazard investigation v. auditing by regulator
— Direct “chemicals of concern” monitoring vs. surrogates vs. system
performance indicators
— Tracking and tracing
— Assessment of baseline performance of a system vs. performance
under a hazardous event condition.
— Monitoring “tailor made” to management requirements.

Variability of treatment effectiveness under normal operation

In general, a wider range of quantitative descriptions are required. One option is
to describe concentrations as probability functions e.g. using Monte Carlo
models.
Individual process performance data can be used to access performance of
overall system. This is necessary when contaminants fall below analytical
detection limits. Such analysis allows for extrapolation for estimation of probability
that treatment goals would be exceeded.
Sources of variability in processing systems must be considered:
— Source water quality
i. Dally [see Figure 3.3.1]
ii. Diurnal [see Figure 3.3.2]
iii. Weather impacts
iv. Long-term changes
- Treatment performance
i. Normal variability
ii. Gradual change e.g. membrane aging or fouling
iii. Hazardous events
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Figure 3.3.1. “Normal” variability from grab sample S

Variation among “arab-samples”

PhAC Mean & std. Dev. (ug/l Coeff. of variation %
Salicylic acid 8.9+0.23 3
Ibuprofen 23+0.23 10
Paracetamol 148 + 17 12
Metronidazole 0.43+0.17 40
Gemfibrozil 1.5+ 0.06 4
Naproxen 3.8+0.31 8
Methadone 0.06 + 0.03 50
Ketoprofen 0.13+0.01 8
Phenytoin 0.18 + 0.04 22
Carbamazepine 0.26 + 0.04 15
Morphine 0.52 + 0.11 21

X CENTRE FOR WATER & WASTE TECHNOLOGY Khan (2003) | JNS\V/

Figure 3.3.2. Diurnal variation in flow rates
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Evaluation of recycled water safety using integrated models/ Consequence

frequency assessment

* To estimate removal of contaminant through a treatment system, concentrations
at each stage of treatment may be described as a conditional probability
distribution function. A PDF of plant effluent may be expressed as a multiple
integral (one integral for each unit process). However, the multiple integral is
often difficult or impossible to process. An example is provided in Figure 3.3.3.

* A common alternative is Monte Carlo simulation [see below]

Figure 3.3.3. Example of consequence treatment asse  ssment

Consequence frequency assessment
through an AWT

5,000 Trials

041
3 @
0
L
e
[ 014

000

=0
Eisenberg et. al (2001)
C CENTRE FOR WATER & WASTE TECHNOLOGY UNSW

Monte Carlo simulations
* Monte Carlo simulations achieve the following:
— Fit distributions of removal of constituent across each treatment unit
— Sample each distribution repeatedly
— Compute final concentration for each set of random samples
— May represent plant performance in probabilistic manner
— Explicitly acknowledges uncertainty and variability of the underlying data

Critical components analysis
» This form of analysis is conducted as follows:
— Identify mechanical components with most immediate impacts on effluent

quality should failure occur
List all components in facility
Categorise:

i. By treatment unit

ii. Components

iii. Subcomponent
— Collect data for all planned and unplanned maintenance events
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— Aggregate data
— Compute performance statistic for treatment units and components:
expected frequency of failures. An example is provided in Figure 3.3.4.

Figure 3.3.4. Example of critical components analys  is

Plant performance statistics for
mechanical reliability

Treatment unit Number of Number of ETEF Operating
maint. Events' unplanned events? (days)? availability?
Headworks 16 13 26 0.9953
Primary 36 28 41 0.9885
Secandary 82 40 9 0.9757
Tertiary a0 27 13 0.9994
[0l 1 1 212 0.9991
Reverse Osmosis 55 35 10 0.9990

Thumber of times repairs were made including scheduled maintenance on compaonents within the given unit,
INumber of times repairs were made due to component failure within the unit,

*Expected time between failure somewhere inunit process, based on chi-square distribution,

4F raction of the study period that all companents in the unit were operating.

Eisenberg et. al (2001)

C CENTRE FOR WATER & WASTE TECHNOLOGY UNSW

Monitoring hazardous events
* This is defined as an incident or situation that can lead to exposure to a hazard.
Examples include:
- Treatment failure or underperformance
- Variable production of disinfection by-products
—  Dual reticulation cross-connection
 To assess such events fully, we often require detailed long-term performance
data.
* We need to define the nature of potential hazardous events, that is:
— How poorly may a process perform?
— When is it likely to occur?
— How long may underperformance or failure persist?

| 3.4. Microbial contaminants

(i) Background

One of the major health risks in recycled water relate to the pathogens capable of
causing enteric illness, which are at particularly high levels in sewage. Numbers of
individual pathogens will vary depending on rates of illness in the humans and
animals contributing faecal waste. The disease burden (e.g. excess cases of
gastrointestinal disease) relates to the type of microbial pathogens.
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Advance treatment (MF/RO) achieves very efficient removal of pathogens and
several projects reported excellent microbial log reduction performance with non-
detection of bacteria, protozoa and even viruses in the RO effluent. Viruses are the
biological contaminants of major concern in recycled water, not only because of the
large numbers present in wastewater but also their smaller size (range from 0.01 to
0.1 microns). Because pathogenic viruses have the potential to cause disease
outbreaks from short-term exposures, they are a high public health priority. Despite
the fact that MF alone produced a 1.9 log removal of MS2 bacteriophage (Jolis,
1996) and ultrafiltration can provide 4 log removal (Beverly, 2001), MS2 has been
detected in the RO permeate as a result of gaps or pores in membrane structure
(Hu, 2003). In addition, variable log removals has been reported with variable
influent concentrations of MS2 (Hu, 2003) and the MS2 sensitivity to the ultraviolet
(UV) light was not constant (Jolis, 1996). These issues are complicated by difficulties
in isolation the virus and the cost of the analysis. Therefore, projects considering
recycling need to perform appropriate challenge tests for viruses to ensure the
treatment efficiently remove these contaminants.

Suitable reference pathogens to assess water quality are those that present a worst
case combination of:

— high occurrence

— high concentration in water to be recycled

— high pathogenicity

— low removal in treatment

— long survival in the environment.

The acceptable limits for microbial contaminants in recycled water have been
defined in a number of reports, such as Table 3.4.1. (Salgot, 2006):

Figure 3.4.1. Microbial limits in recycled wastewat  er

Orverview of the compiled and estimated nucrobiological linuts for reclaimed wastewater reuse I (bacteria)

Use Total bacteria Faecal coliforms®  Clostridium Legionella Enterococci Salmonella
(ef/mL) (cfin/100 mL) perfringens (cfvmLl)  (efu/100mL) (cfw100ml) (cfu'mL)

I =1.000—=10.000 Abs Abs—20 =100 Abs Abs—1.000

II =1,000 =20-=1.000 Abs—10 — 1,000 Abs—1.000

III = 10,000 Abs—1,000 =1 =100 =20 Abs—1.000

v <10.000—100.000  Abs—10,000 =10 Abs =1,000 =1

v =100,000 Abs—=10,000 <100 — <10.000 <0.1

VI =10.000 =200—<10,000 =1 — =20 Abs—1.000

VII =10.000 Abs—10,000 =10 Abs—-100 =1,000 =1

“or E. coli. cfi = colony forming units: Abs = absent.

Overview of the compiled and estimated microbiological limits for reclaimed wastewater reuse II (not bacteria)

Use Enteroviruses Coliphages Cryptosporidium and  Nematode eggs T saginata T solium
(pfuL) (pfL) Giardia (cyst/30mL)  (eggs/L) (ege/L) (egz/)
I Abs—10 =1 =1 1-10 — —
II Abs-10 =1 < 1 — —
1T =1—100 =1,000 =10 =1 — —
v — — — =1 — —
v — — — =1 1 <1
VI =100 =1,000 =10 1 — —
VII =1-0.04 — — 1 — —

pfu = plaque forming units; Abs = absent.
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The indicator organisms selected for recycled water are as follows (summarised in
Table 3.4.2. below; National Water Quality Management Strategy, 2006).

Figure 3.4.2. Pathogen indicators in recycled waste  water

Type/organism Usually/theoretically On research Observations
employed as

Total coliforms Bacterial indicator Not widely used

Faecal coliforms/ Faecal indicator Faster methods Most used method, despite the
E. coli problems and discussions
Bacteriophage Faecal indicator Most suitable one Somatie, F-specific and

Bacteroides fragilis HSP40 and
RY(C2056 phages

Bacterial count Indicator for aerobie, Amount of DNA/RNA Recovery of not more than 10%
heterotrophic bacteria

Nematode eggs Nematode and helmminth ~ Better concentration Recovery of not more than 70%
indicator methods. Viability

Giardia lamblia Direct detection of Better concentration and In wastewater, false positives can
cysts detection methods. Viability  be found in high numbers

Cryptosporidium Direct detection of Better concentration and In wastewater, false positives can

parvum oocysts detection methods. Viability  be found in high numbers

(National Water Quality Management Strategy, 2006).

(ii) Key issues relevant to current project

It is critical to develop a list of organisms, apart from the indicator organisms
already identified in the national guidelines, which will be relevant for sampling
purposes (e.g. noroviruses). However, local considerations will need to taken
into account e.g. hookworm in north of the State. Indicator organisms are very
important in low-level treatment systems but must still be considered in higher
treatment systems.

The role of emerging organisms must be considered, including EXPEC
(extraintestinal pathogenic E.coli). Prions are considered too difficult for
modelling.

Any State specific document should address: indicator organisms; significance of
Pseudomonas, Legionella and Naegleria spp. as applicable to WA guidelines;
and organisms for future consideration e.g. prions and cyanobacteria.

A further literature review required on indicators of “biological activity” e.g.
proteins, bacterial lipopolysaccharides. Faecal sterols significant for major events
but limited value for small events or where low levels are recorded.

There is growing concern with opportunistic pathogens growing in pipes/garden
hoses which may be subject to hot conditions and resultant impact from spraying
or aerosols.

| 3.5,

Chemicals of concern

(i) Background

There is an increasing requirement for the inclusion of chemical parameters in
guidelines or regulations concerning reuse of reclaimed wastewater. Risk estimates
also vary with the particular water application (e.g. for irrigation; horticulture;
consumption etc). Many toxic chemicals only have an observable effect only after
long-term exposure (e.g. over months or years). The range of chemical agents is
extensive and has to be considered in relation to the source, treatment process and
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intended use of the treated water. Assessment of chemical contaminants needs to
include chemicals of concern (COC) with and without maximum contaminant levels
(MCL) in drinking water, as well as TICs (tentatively identified compounds, which
may not be individually measured but are subject to management e.g. through
reduction of total organic carbon and nitrates).

Most inorganic chemicals are not considered to be problematic due to high rejection
proportions, and either non-detection or very low concentrations in the RO permeate
(OCWD, 2004, City of San Diego, 2005). While organic chemicals of high molecular
weight are effectively rejected by the MF/RO treatment, organic chemicals of low
molecular weight (less than 500 Dalton) have been detected in the RO permeate
(Drewes, 2002). In the studies conducted so far, high percentages of organic
contaminant removal are commonly reported. RO can remove up to 95% of
hormones (Huang, 2001), and more than 95% of all tested analytes including 16
pharmaceuticals and 3 personal care products (Kim, 2007). In general, membranes
are able to reject most of the endocrine disruptors, pharmaceuticals and personal
care products, with the exception of lower molecular weight unchanged compounds
(Snyder, 2003; Agenson, 2003). Incomplete rejection of certain pesticides,
disinfection by-products, endocrine disrupting compounds, and pharmaceutically
active compounds has been reported during full- and pilot-scale high-pressure
membrane applications (Bellona, 2004).

A major group of contaminants of concern are endocrine disrupting chemicals (such
as pesticides, PCBs, and synthetic human and animal steroid hormones), which
induce biological effects at very low concentrations and may be poorly removed by
conventional water treatment processes. Sewage treatment processes, including
secondary treatment, substantially reduce concentrations of endocrine disrupting
chemicals. For many chemicals of concern, such as endocrine disrupting chemicals
and pharmaceutically active compounds, in general very low concentrations are
detected in recycled water with very low potential doses. Thus, it is likely that there is
minimal potential human health impact from many such agents, even taking into
account lifetime projected doses.

A number of problems arise in inferring risk, particularly for long-term contact with
recycled water. Risk estimates may be complex because:
— although an aggregate exposure may be inferred, inter-individual
differences exist between uptake and metabolisms of agents
— at low levels of exposure, the epidemiological estimation of actual risk to
exposed humans may be inaccurate because of insufficient statistical
power to detect health outcome and the presence of confounders (e.g.
smoking)
— modelling complex mixtures and exposures to multiple agents is often
challenging
— setting exposure limits in water may disregard the fact that individuals
come into contact with agents from other pathways and sources
— the periodicity of exposure may be important, yet dose rates are often
represented just as average dose rates or cumulative dose
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Indicators of biological activity/end-point toxicity of recycled water, including:
— In vitro indicators used to evaluate endpoints, such as genetic damage
(e.g. micronucleus test); disturbances in enzymatic or cellular functioning
- Invivo indicators e.g. animal testing for carcinogenesis; hormonal effects
(oestrogenicity, etc); fetotoxicity; other subchronic effects
— indicators of environmental activity e.g. estrogenic effects on aquatic
organisms in water catchments

Assessment of chemical is increasingly making use of functional toxicology screens
that allow an assessment of the degree to which a single compound or multiple
compounds might exhibit some other functional activity (e.g. ‘dioxin-like’ or
oestrogenic activity). Toxic equivalency factors (TEFs)/ relative potency factors
(RPFs) may be used to estimate potencies for single compounds or mixtures.

It remains uncertain which of these is the optimal bioassay (or combination of
bioassays) to use. In the environmental context, a relevant project called
“Development of an Ecotoxicity Toolbox to Evaluate Water Quality for Recycling” is
being conducted by WA Department of Water, Water Corporation, CRC WQT,
UNSW (CWWT) and Curtin University. Another project of relevance is “A national
approach to risk assessment, risk communication and management of chemical
hazards from recycled water” coordinated by CRC WQT / WQRA, UNSW (CWWT),
EnTox, Australian Water Quality Centre (SA Water), Melbourne Water, Sydney
Water, ACTEW (ACT), United Water.

(||) Key issues relevant to current project
It is essential to compile a list of chemicals which are removed: adequately,
poorly etc to show the effectiveness of the membrane system and indicate if
treatment process is working. Therefore, a specific list of chemicals for monitoring
will be essential as opposed to the potential list of chemicals. The rationale for
eliminating any chemicals from the list must be described.
Surrogates and indicators will be addressed in the Australian National Guidelines.
It is also important to undertake a comparison of US models to Western Australia
guidelines and significance of the numbers derived from various models.
A screening risk assessment is considered a very important tool in determining
risk from chemicals. Key chemical indicators will be available from research by
Clemencia Rodriguez.
The current list of chemicals may not be valid in five years time, therefore some
risk modelling will be necessary to provide to government agencies.
It is critical to clarify the acute and chronic effects of chemicals.
This project should address the matter of bioassays and in particular two projects
underway (e.g. Water Corporation and CRC WQRA), as well as a review of
overseas research.

| 3.6. Applications of risk assessment to recycled wa  ter

(i) Background
[NB: Refer to Section 4 for a detailed description of risk assessment approaches.]

Assessment of risk is undertaken in relation to recycled water supplies for a number
of reasons (Hunter, 2003), including:
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- to predict the burden of waterborne disease in the community in both
outbreak and non-outbreak conditions;

- to assist in setting target reference pathogen levels for recycled water
supplies that will equate to tolerable levels of illness within populations
exposed to that water;

- to identify the most cost effective method to reduce pathogen related
health risks to those exposed to recycled water;

- to assist in determining the optimum balance in terms of pathogen Kill
versus the formation of disinfection by-products (DBPS);

- to provide a conceptual framework for consumers, organizations,
regulators and industry to understand the nature and risk to, and from,
recycled water and how those risks can be managed.

With respect to water recycling, health risk assessment components include
consideration of:

— Chemical exposure

— Pathogen exposure

— System reliability / hazardous events analysis

Measurements of biological and chemical concentrations have been modelled in an
attempt to provide a valid exposure measure for individuals that may be in contact
with the recycled water process. The pathways for contact may sometimes arise
from a number of potential pathways. For example, in the irrigation of agricultural
land with reclaimed wastewater, four major anticipated pathways of exposure are
shown in Table 2. This is does not include additional exposure routes which may be
significant for people working directly with the irrigation scheme (Figure 3.6.1.;
Salgot, 2006):

Figure 3.6.1. Possible pathways of exposure for che  micals in recycled water in an agricultural
setting

Pathway Scenario

Reclaimed water irrigation — soil — plant uptake — Ingestion of food plants cultivated on land irrigated with
food production — human toxicity reclaimed water

Reclaimed water irrigation — soil — plant uptake — Ingestion of meat/animal products from animals pasture on
animal uptake — human toxicity land irrigated with reclaimed water

Reclaimed water irrigation * soil > vadoze zone * Ingestion of drinking water produced from groundwater
groundwater * human toxicity polluted by reclaimed water

Reclaimed water irrigation —+ atmosphere — Inhalation of volatile contaminants during irrigation process

human toxicity

Irrigation
> > Plant uptake »| Food ; w Human
: production health
- v
Sewage treatment plant 5
Soil



29/130 © PWF/UWA Interim Report 1 Premier's Water Foundation Grant # 017 05

The Department of Health and Ageing and En Health Council (2004) note that risk
assessments may not always provide a compelling or definitive outcome. Some
specific criticisms of the approach are as follows:

— Default values and assumptions are not always realistic, which could lead
to risks being seriously overstated or understated if the default values are
too conservative or insufficiently conservative respectively;

— Interactions between agents (such as synergist and antagonist effects)
may not be adequately accounted for;

— Using default values and assumptions may become too rigid so that
circumstance specific data are not utilised,;

— The target population to whom the data is applied is often poorly defined,
(i.e. often assumed to be a healthy “Western” target population);

— The uncertainties of risk assessment are often not adequately described,
point estimates are often used with no real recognition of uncertainty;

— For chemicals of concern, the main emphasis is on cancer risk, at the
potential neglect of other adverse health effects such as reproductive and
developmental outcomes;

— There may be insufficient information to perform credible risk
assessments;

— Risk assessment can be perceived to be tailored to provided a
predetermined outcome;

— Often excessive emphasis is given to the process of the risk assessment
rather than the content;

— The risk assessment process can be seen by the public and interest
groups as a “whitewash”;

— Risk assessment can be seen as a method of justifying the continuation or
increase of potentially harmful activities.

(||) Key issues relevant to current project
It is important to define the difference between ‘Qualitative’ and ‘Quantitative’ risk
assessments.
In The National Water Quality Management Strategy — Australian Guidelines for
Water Recycling: Managing Health and Environmental Risks (Phase 1), The
tolerable DALYs risk of 10 that has been set assumes an increased lifetime
cancer risk of 1 in 1 00 000 and an increased annual risk of diarrhoeal disease of
1in 1000. Although DALYs are being used as the predominant health measure,
it is important to consider their limitations.
Risk assessment is not absolute and will needs to be looked at historically and be
relevant to the situation.
A problem with epidemiological studies is that they will not always identify a
problem. However, long term data from epidemiological studies are very useful.
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| 3.7. Resource needs for assessing recycled water sa  fety

(i) Background

There is some uncertainty around the expertise, time, and money available within
government agencies and affiliated organisations for assessing risks of recycled
water use. For example, currently it is difficult to interpret and compare the treatment
efficiency to remove emerging contaminants. Analytical methods are at the research
stage for measuring many of these contaminants. Therefore, more research is
needed not only to identify other potential contaminants of concern in recycled water,
but also in the development of validated methods and the implementation of
harmonized analytical methods.

Such analytical methods for emerging contaminants and other unregulated
contaminants will: (i) facilitate the risk assessment and regulatory process by
providing better quality data, (ii) provide comparative information about contaminant
fate and removal during the treatment barriers and (iii) assist the analysis of different
treatment options to remove contaminants. In future years, it is expected that
progress will be made in the validation and standardization of chemical analysis and
biomonitoring techniques for recycled water relating to emerging pollutants.

Regulators allowing recycling projects need to implement well-coordinated public
health surveillance systems to document and possibly provide early warning of any
adverse health events associated with the ingestion of recycled water. Surveillance
systems must be jointly planned and operated by health departments, water utilities
and other interested stakeholders. Key individuals in each agency need to be
appointed to coordinate planning and rehearse emergency procedures. The
surveillance plan, its purpose, the monitoring results, and the system process
performance should be open to the public and interested stakeholders.

In addition to the health surveillance program, the national research capacity needs
to be enhanced to implement a monitoring program that provides an early warning
system of potential health impacts from newly detected or emerging contaminants. In
order for this monitoring system to be effective, a multi-institutional effort is required
for the documentation and monitoring of all major chemical wastewater inputs from
household, commercial, agricultural and industrial sources. Pre-established risk
mitigation measures also need to be in place.

(||) Key issues relevant to current project
There is some uncertainty around the expertise, time, and money available within
government agencies and affiliated organisations for assessing risks of recycled
water use
Resource implications particularly for health agencies are a very real issue and
must be highlighted in any recycled water assessment.
Economic analysis is an important consideration with any scheme and should be
presented in any recycled water assessment.
Resource issues for laboratories in regard to chemical analyses are not
considered an issue whereas microbiological analyses are considered a resource
issue in Western Australia.
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Software offers much promise for facilitating assessments, access to information
such as data tables efficiently, comparing the risks, providing initial assessments
of specific site risks. However, such systems need to have experts to construct,
operate and maintain and this takes resources. There is a long history of “dead”
pilot software — the ideas seem sound but the implementation is poor.
The most useful end-products for a risk assessment were identified as:

- Aflexible software package to asses risk in different scenarios

- A system for providing external advice on new schemes

- An applied form of the guidelines

| 3.8. Public acceptance of recycled water projects

(i) Background

Although communities have been readily accepting recycled water for non-drinking
purposes such as irrigation of parks, they are less likely to accept the use of recycled
water as a drinking water source. Emotions, or the 'yuck' factor play a huge part in
people’s acceptance. This perception occurs despite the fact that current treatment
technologies can achieve recycled water that meets drinking water standards.
Important progress has occurred during the last decade to identify factors of success
or failure in the implementation of recycling projects (Hartley, 2006; WERF, 2000;
WRF, 2004). In terms of risk perception, communities have significant concerns
regarding the potential health impacts of industrial, agricultural and household
chemicals in recycled water entering their potable water supply (Rodriguez, 2007).
Five aspects were identified by the Water Environment Foundation for building and
maintaining community support in recycling projects: (1) “managing information for
all stakeholders; (2) maintaining individual motivation and demonstrating
organizational commitment; (3) promoting communication and public dialogue; (4)
ensuring a fair and sound decision-making process and outcome; and (5) building
and maintaining trust” (Hartley, 2006). Promoting communication and public
dialogue, building and maintaining trust have also been identified as key aspects in
other studies (Marks, 2003; Holliman, 2004; Po, 2005).

Effective communication between the community, key stakeholders and the project
proponent is crucial to achieve community support. All recycled water projects need
to be accompanied by public education to demonstrate that the current technology is
adequate to protect human health, and a communication program to assure the
public that contaminants present in wastewater can be effectively and reliable
removed. The experience in the US indicated that community understanding and
acceptance may need several years, but that such a process is fundamental for a
successful implementation of recycled water projects. More social research is
needed to understand the psychological factors related to; perception of risk,
motivations, attitudes, beliefs and behaviour in the use of recycled water to
supplement existing water supplies.

(ii) Key issues relevant to current project

Overview of public perception issues and recycled water use in Australia
The public may need to be assured with a health risk assessment method, rather
than just a description of monitoring. The public will want to know what level of
health surveillance is occurring with each system and that the system is working
and being managed correctly.
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A Western Australian survey indicated that ‘public health’ and ‘trust’ were the
most significant factors in accepting recycled water schemes, and water
‘contaminants’ were a common concern.

System failure is the greatest concern of the public over technical issues when
addressing trust issue.

We must also establish confidence that the management system which reports to
the community is effective.

Trust in regional areas may be greater due to their historic use and general
acceptance of recycled water as compared to city areas which have had no or
little exposure to such schemes.

It is widely acknowledged that we have a valuable resource in recycled water and
that is not given a sufficient profile in community discussions i.e. take ‘above
radar approach’ in presenting to the public, rather than looking at the less
relevant detail.

It is important to factor in the energy savings of the different systems and convey
to the public.

It is unclear what the purpose is in treating recycled water to a high level and then
not making appropriate use of it. The public should be aware of all alternatives
and options available and the economics of proposals.

Need to communicate to the public both from a marketing and science point of
view.

There is a lack of health promotion messages to improve ‘public trust'.

It is critical to consider the types of applications, treatment processes and health
risks should a system break down or fail. It is important to define the real
infrastructures issues applicable to health and what is the risk arising from the
quality of water for the various uses.

We need for a ‘Framework’ on how all the parts of a system works; monitoring
details; auditing program and failure response plan which the community is aware
of. This must include a feedback component to show that agencies complied with
the framework. We also need a contingency plan for diverting the water in cases
of plant failure. It may be appropriate to develop suitable graphics of the systems
to enable the public to understand how each one works etc.

Not all experts have accepted that use of a natural buffer (e.g. groundwater
aquifer) was a means of improving or reducing the ‘risk’ factor.

Actual or perceived risks
It is essential to consider people’s attitude to risk: there is a contrast between
risks they elect to take themselves. We need to compare being forced to use
recycled water versus volunteering to accept.
Any recycled water project will need to clearly articulate ‘health risks’ given there
are other competing agendas with recycled water issues.
The health risk, dependent on the treatment process and how the system is
managed, is the greater concern to the public in its perceptions on the use of
recycled water.
It is important to provide a modelling framework that will give a high degree of
flexibility in considering possible risks, and allows stakeholders to test the
assumptions of and scenarios established by the model.
It is essential to develop a ‘health framework’ to the show public what the issues
are and link with a health risk approach and real health concerns.
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We need to identify those chemicals which are seen by the public as having the
element of ‘uncertainty’, and provide the available research evidence to enable
the public to understand the ‘risk’ factor for such chemicals.

The public has some difficultly in understanding terms such as ‘low risk’,
‘probability’ and ‘uncertainty’. It is important to communicate these terms in
public forums.

In setting a ‘health guideline’, it often assumed by the public that if the water
meets the guideline value then it is ‘safe’ or ‘presents no health risk’.

It is important to have community discussion early in the process and to involve
external experts e.g. universities, etc to enable all issues to be fully presented
and discussed.

We need to demonstrate to the various communities what are the ‘acceptable
risks’ and the management options based on the exposure pathways for the
types of systems used.

Risk perception may vary between small and large schemes and concerns with
smaller scheme failures, monitoring and management procedures. It is important
to differentiate between small and large systems the level of control required for
each system.

Health agencies have an important role and must have competent staff
particularly in regard assessment and auditing recycling schemes.

We may require multiple communication steps to address the various issues that
will arise for different applications.
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4. Approaches to an risk assessment for

recycled water

integrated

4.1. Overview of risk assessment models for recycle  d water

Definitions and evaluation of risk

Risk is defined by (The National Water Quality Management Strategy — Australian
Guidelines for Water Recycling: Managing Health and Environmental Risks: Phase
1) as “The likelihood of a hazard causing harm in exposed populations in a specified
time frame, including the magnitude of that harm”. The methods for assessing risks

arising from recycled water include:
— Epidemiological investigations.
— Qualitative risk assessment (with risk ranking).
— Quantitative Microbial Risk Assessment (QMRA).

These approaches are summarised in Table 4.1.1 (Bartram, 2001)

Table 4.1.1. Frameworks for assessing risk from wat

er contaminants

of health risk

assessment
Envirconmental
exposure
assessment
Dose-responss
analysis

Risk
characterization

Framework Process Considerations
component
Assessment Hazard Best estimate of risk — not overly consersative

Equivalence betwsen risk of infection and risk of
disease

Health outcomes presented in disakility adjusted life
wvears (DALYs); facilitates comparison of risks across
different exposures and priority sstting

Risk assessmeant is an iterative process — risk should
be penodically reassessed based on new data or
changing conditions

Risk assessment is a tool for estimating risk and
should be supported by other data (e.g. cuibreak
invastigations, epidemiclogical evidence,
microbiclogical risk assessment and siudies of
environmental behaviour of microbhas)

Process depends on quality of data

Risk assessment needs to account for short-term
under-perfomance

Tolerable

Health-bhased

Mead to bea realistic and achievable within the

risk/health target setting constraints of each setting
targets based on risk Set using a risk-benefit approach: should consider
assessment cost-effectiveness of different available interventions
Define water Should take sensitive subpopulations into account
quality
objectives Index pathogens should be selected for relevance to
contamination, control challenges and health
significance {(more than one index pathogen may bhe
needed)
Risk Based on Risk management strategies need to address rare or
managemeant health-basaed catastrophic events.
targets: A multiple barrier approach should be used.
Define othert Monitoring — owverall emphasis should be given o
managenmen periodic inspection/auditing and to simple
objectives measurements that can be rapidly and frequently
Define made to inform management.
measures and Hazard analysis critical control point (HACCRP )-like
interventions orinciples should be used to anticipate and minimize
Drefine key risk health risks.
pooints and audit
procedures
Define analyiical
werifications
Public  health | Public health Meed to evaluate effectiveness of risk management
status surveillance interventions on specific health outcomes (both

through investigation of disease outbreaks and
aevaluation of background diseass levels)

Establish procedures for estimating the burden of
disease, to facilitate monitoring of health cutcomes
due to specific exposures

Burden of disease estimates can be used to place
water-related exposures in the wider public health
context, to enable prioritization of risk managsment
decisions

Public health outcome monitoring provides the
information needed to fine-tune risk Management
through an iterative process

Source: Adapted from Bartram, Fewtrall & Stenstrdm (2001
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Epidemiological analysis

Most epidemiological data for waterborne disease are provided from outbreak
investigations which provide valuable data for the assessment of risk. An example is
the Namibia direct potable recycled water scheme, one of the most widely studied
recycled water schemes in the world today. Isaacson (1988) conducted a population
based study on the consumption of recycled water in Namibia and did not observe
an increased risk of gastrointestinal iliness.

Hunter et al (2003) note that outbreak investigations may provide useful information
regarding which failures in the water supply and distribution chain lead to risks to
public health, such as the Milwaukee Cryptosporidium sp. outbreak in 1993.
Outbreak investigations will also provide information on non-water exposure
pathways that could be related to the outbreak pathogen. However, Andersson
(2001) argue that outbreak data are somewhat limited in that they do not provide any
context as to what proportion of the burden of disease has been contributed via
sporadic spread from the water route. Nor is it clearly established that the factors
that are responsible for the failure leading to outbreaks are the same as those for the
sporadic disease occurrence.

The most common types of epidemiological study that have been used in risk
assessments of waterborne disease are indicated in Table 4.1.2.

Table 4.1.2. Common epidemiological study types

Study Type Description Advantages and Disadvantages

Ecological Determining relationship between | Relatively inexpensive to carry out providing that disease
disease and risk factors by | rates and data on risk factors are already available.

study : . : . ac
comparing the incidence of | Because data is only available for groups, it is not known
disease in different communities | whether individuals with disease are exposed to risk
with varying exposure to risk | factor. Good for generating hypotheses, but cannot be
factors. used for epidemiological proof.

Time series | Determining relationship between | A type of ecological study and subject to the same
disease incidence in a population | advantages and disadvantages.

study e .
and variation in a risk factor over
time.

Case-control Determining relationship between | Relatively inexpensive to carry out. Generates data on

study disease and risk factors by | individuals exposed to the risk factors in comparison with

comparing the incidence of | health individuals, but often relies upon retrospective
disease in exposed individuals to | estimates of exposure that may be inaccurate or biased.
matched controls.

Cohort Study Comparing rate of disease in two, | Relatively expensive to carry out. Generates data on the
or more, populations with different | risk factors in the populations by comparing groups of
levels of exposure over a specific | randomly selected individuals

period of time on randomly
selected individuals.

Intervention Comparing the rates of disease in | The gold standard for epidemiological proof, but can be
(RCT) study two or more groups (cohorts) of | time consuming and very expensive to carry out.

randomly chosen individuals after
intervening to change the level of
exposure.

(Adapted from Hunter et al., 2003)

Other types of epidemiological analysis include dynamic risk assessment models,
which include the possibility of person-to-person transmission of pathogens.
Individuals may be classified as susceptible, carriers, diseased, post-infection and
immune, and may move between these states. The differences in incidence may be
estimated using a Classification and Regression Tree (CART) to determine which
parameters affect disease rates (WERF, 2004). The CART approach has also been
used to classify outputs into low and high incidence. Parameters of importance
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include: the dose of the pathogen/toxicant, exposure intensity, dose-response
parameters and the duration of infection (all of these vary depending on the
pathogen) or contact with toxicant. Various conditions will be modelled to determine
their subsequent risk:

— pattern of exposure

— population exposed

— sensitive populations

— (for infectious diseases) proportions with asymptomatic iliness

— proportion with acute symptomatology

— proportion detected using surveillance mechanisms

— proportion confirmed using laboratory investigations

— outcomes: death; chronic illness; hospitalisations; work days lost

The evidence from epidemiological studies — such as those using cohort and case-
control designs — may be formally evaluated using meta-analyses. The object of the
analysis may be (i) to determine whether an agent is a carcinogen; (ii) to determine
whether an agent that is carcinogenic at high doses exerts a health effect at low
doses; (iii) to extrapolate the effect of other related compounds, such as using
toxicity equivalence factor (TEF). For cohort studies, this will usually take the form of
an excess relative risk model, in which the parameter [ represents the excess

relative risk per unit of exposure.

For a linear risk model:

/]jk :/]j0[1+/8xk]

where
/1jk = rate of disease for the number of person years, for a given exposure level k and level of

covariates j
/]jo = the background rate for non-exposure level 0 and level of covariates |

,Bxk = represents the excess relative risk per unit of exposure at a given mean level of exposure x (for
a given exposure level k)

This relationship can be expressed in a more flexible form as generalised linear
models (GLMs), in which an appropriate distribution (e.g. Poisson) and link function
is used. Additive, interactive and multiplicative models can be used to determine the
excess risk or relative risk. The nature of the model and the shape of the dose-
response curve are usually guided by Armitage-Doll  multistage
equations/pharmacokinetic modelling.
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Qualitative risk assessment (with risk ranking)
Examples of qualitative risk assessment (with risk ranking) for recycled water risks
are indicated in Table 4.1.3. (National Water Quality Management Strategy, 2006).

Table 4.1.3. Qualitative measures of recycled water  risk

Table 4.5 Qualitative measures of likelihood

Level Descriptor Example description

A Rare May occur only in exceptional circumstances; may occur once in 100 years
B Unlikely Could occur within 20 years or in unusual circumstances

C Possible Might eccur or should be expected to occur within a 5 to 10 vear period

D Likely Will probably occur within a 1 to 5 year period

E Almeost certain Is expected to occur, with a probability of multiple occurrences within a year

Table 4.6 Qualitative measures of consequence or impact

Level Descriptor Example description
1 Insignificant Insignificant impact or not detectable
2 Minor Health — Minor impact for small population

Environment — Potentially harmful to local ecosystem with local impacts
contained to site.

3 Moderate Health — Minor impact for large population.
Environment — Potentially harmful to regional ecosystem with local impacts
primarily contained to on-sife.

4 Major Health — Major impact for small population

Environment — Potentially lethal to local ecosystem. Predominantly local, but
potential for off-site impacts.

LN

Catastrophic Health — Major impact for large population.

Environment — Potentially lethal to regional ecosystem or threatened species.
Widespread on-site and off-site impacts.

Table 4.7 Qualitative risk estimation

Consequences
1— 2 3 4 5

Likelihood Insignificant Minor Moderate Major Catastrophic
A — Rare Low Low Low High High

B — Unlikely Low Low Moderate High Very high

C — Possible Low Moderate High Very high Very high

D — Likely Low Moderate High Very high Very high

E — Almost certain Low Moderate High Very lugh Very igh

(National Water Quality Management Strategy, 2006)

| 4.2. Application of risk frameworks for waterborne disease

Overview

Evaluation of the health risks of water contamination often uses some form of risk
assessment. Most models are based upon the principles of:

Hazard assessment

Exposure assessment

Dose-response analysis

Risk characterisation
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The usual model of choice in Australia is Quantitative Microbial Risk Assessment
(QMRA). QMRA is a mathematical risk assessment model that can accurately
predict the risk associated with exposure to reference pathogens in the key pathogen
groups (bacteria, viruses and protozoa) in source waters (Havelaar, 2003). Past
authorities have noted the improved sensitivity of QMRA compared to
epidemiological studies, particularly to estimate risks associated with specific
pathogens and specific exposure pathways (including in a recycled water context)
(World Health Organisation, 2006). QMRA assessments are typically easier and less
expensive to perform than epidemiological studies, not requiring extensively large
study groups or follow up periods, nor are they subject to the influences of
confounding and bias.

The QMRA stages account for attributable pathogen reductions that may be
achieved through the various treatment processes, and also considers the potential
for recontamination and microbial regrowth (Havelaar, 2003). In light of all of this, an
estimate is able to be made of the likely number of organisms that the consumer is
likely to be ingesting.

The Stockholm Framework

A further extension of the risk assessment model was the development of the
Stockholm Framework, which was designed to integrate both risk assessment and
risk management to control waterborne diseases (World Health Organisation, 2006).
The framework was developed following an expert meeting that occurred in
Stockholm, Sweden, subsequent to which the World Health Organisation (WHO)
published “Water quality: Guidelines, standards and health — Assessment of risk and
risk management for water-related infectious disease. (Bartrom, 2001).

The Stockholm Framework involves the assessment of health risks prior to the
setting of health targets, the development of guideline values with defining basic
control or management systems and then evaluating the impact of these approaches
on public health (World Health Organisation, 2006). The World Health Organisation
(2006) notes that the framework can accommodate local social, cultural, economic
and environmental circumstances that may contribute to potential confounding
exposures, such as foodborne pathogens as well as traditional water and sanitation
exposure routes. Intrinsically, this facilitates the management of infectious diseases
in an integrated holistic manner, incorporating other diseases and exposure routes
(World Health Organisation, 2006). Key elements and considerations of the
Stockholm Framework are indicated in Figure 4.2.1.

The Stockholm Framework considers the risks associated via environmental
exposure to pathogenic micro-organisms, which is of particular interest if attributing a
disease outbreak to drinking water when other potential routes of exposure may be
implicated (Bartrom, 2001). Accordingly greater public health benefit may be able to
be obtained by planning interventions that manage these other potential routes of
exposure. The framework incorporates the DALY metric (to be discussed) to assess
health outcomes from different disease exposure routes in terms of the overall
assessment of health risk (World Health Organisation, 2006). DALYs also facilitate
the comparison of risks across different exposures and priority settings.
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Figure 4.2.1. — Stockholm Framework
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(Source: Bartram et al., 2001)

Applying the Stockholm Framework to recycled water

As applied to recycled water exposure, assessment of health risks within the
Stockholm Framework is an iterative process that considers the environmental
conditions - including the currency and integrity of available data on such conditions -
within which recycled water systems are operating (Bartram, 2001). Underpinning
the risk assessment for such waters are data input tools such as epidemiological
evidence, communicable disease investigations, microbial risk assessment studies
and studies of environmental behaviour of microbes that could be extrapolated to the
human population setting (Bartram, 2001).

The current Australian model incorporates many of these concepts, particularly the
utilisation of quantitative microbial risk assessment (QMRA) to determine the
likelihood of iliness or infection associated with recycled water exposure and the
production of DALYs to convert these likelihoods into burdens of disease (Natural
Resource Management Ministerial Council, 2006). The DALY approach to
assessing public health outcomes to allow risk management decisions to be
prioritised is largely equivalent to the model that has been adopted in both phases of
the Australian Guidelines for Water Recycling (2006 and 2007).

Tolerable (Acceptable) Risk

Previously, the concept of tolerable or “acceptable” risk has been defined as
maximum levels of infection or disease in the community. Hunter (2001) elucidate
criteria for determining as to whether a particular risk is deemed to be acceptable.
They argue that a risk is acceptable if it complies with the following:
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— It falls below an arbitrary predefined probability;

— It falls below a level that is currently tolerated;

— It falls below an arbitrary defined attributable fraction of total disease
burden in the community;

— The cost of reducing the risk would exceed the costs saved;

— The cost of reducing the risk would exceed the costs saved when the
“costs of suffering” are considered,;

— Funds could be better allocated to other public health priorities;

— Public health professionals are satisfied that it is acceptable;

— The general public are satisfied that it is acceptable;

— The politicians are satisfied that it is acceptable.

Tolerable risks are dynamic and are subject to a number of external influences, such
as improvements in managing water-related disease transmission pathways, failures
in water treatment and safety systems and documented cases water related disease
outbreaks. In the Netherlands in December 2001, 200 people -contracted
gastroenteritis from norovirus infection as a result of a greywater dual supply system
into a new housing estate being cross-connected. The resultant action from the
Netherlands Government was to subsequently ban all large-scale dual pipe water
supply schemes for households based upon concerns for the possibly of misuse of
the water by householders and the unacceptable risk that it poses to public health.
This is an obvious example of Government or politicians changing the tolerable or
acceptable risk setting based upon an adverse experience.

Calculating DALYs for drinking water contaminants

The disability adjusted life year or (DALY) is a metric that considers health burden in
terms of years of life lost and years lost to disability. DALY calculations, which have
been developed and extensively applied by the Global Burden of Disease (GBD)
project, reflect severity of illness to determine the quality of the life that has been lost
as well as the quantity. This measure provides standardised means by which
disease can be assessed and compared using disease weightings in a range from
zero for sound health status to one for death.

DALYs may be formally calculated by incorporating the following two components:

DALYs = YLL (years of life lost) + YLD (years lived  with a disability or
iliness)

YLL is defined as years of life lost to a fatal condition (Murray, 1997), while YLD is
defined as years lost to disability with nonfatal conditions, injuries and diseases
(Guerrant, 2002).

DALYs have been applied to a number of diseases arising from water contamination.
Traditional quantitative risk assessment models determine a risk profile associated
with the likelihood of infection or illness occurring in the exposed population
(Havelaar, 2003), whereas DALYs convert these likelihoods into burdens of disease
(Natural Resource Management Ministerial Council , 2006). When deriving DALYs
for individual hazards, both acute public health effects (such as diarrhoeal disease
and even death) and chronic public health effects (such as cancer) are considered
(Natural Resource Management Ministerial Council , 2006). For waterborne
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disease, the most commonly associated illness is gastroenteritis, with classical
symptomatology of diarrhoea and vomiting. It has been estimated that waterborne
diseases are the primary reason for DALY accrual in developing countries and the
number eight out of twelve in developed countries, totalling 79,490 and 5,610 DALYs
per million of their respective populations (assuming that 80% of the infectious
diseases are waterborne) (Zehnder, 2003). Pruss (2002) estimate the disease
burden from water, sanitation, and hygiene to be as high as 4.0% of all deaths and
5.7% of the total disease burden (DALYs) when a variety of diarrhoeal disease are
considered.

Given their utility in these related contexts, it has been suggested that DALYs may
also be used to evaluate the health impact of various microbial and chemical
hazards that that may exist within recycled water (Natural Resource Management
Ministerial Council, 2006). To calculate DALYs for adverse outcomes from a drinking
water contaminant or any other agent, the number of people experiencing each
outcome is required (Havelaar, 2003). This information may be sourced from a
variety of sources including medical registries, surveys, and epidemiological studies
and can also be estimated from combining attributable risks with existing data on
adverse health outcomes. Data on exposures and dose-response relationships can
also be utilised.

In the context of water contaminants, the ‘acceptable’ risk approach in its most basic
form fails to consider or identify the potential severity or sequelae associated with
different hazards such as the differences between — for example - mild diarrhoea,
typhoid, haemolytic uraemic syndrome and cancer (Natural Resource Management
Ministerial Council , 2006). DALYs overcome this shortcoming by providing a metric
for severity in terms of cumulative consideration of years lived with the disease or
disability and years of life lost. WHO has determined that for water-related
exposures, a disease burden of 1 x 10° DALYs (called 1 micro-DALY) per person
per year (from a chemical or pathogen source transmitted via drinking water) is a
tolerable risk (WHO, 2003). The level of health burden is equal to a mild case of
diarrhoea with a low mortality rate (1 in 100 000) with an annual incidence risk of
disease of 1 in 1000, which equates to 1 in 10 over an average lifetime (WHO, 1996;
Havelaar, 2003). Comparatively, the US Environmental Protection Agency (US EPA)
sets tolerable risk level using risk of infection rather than the manifestation of the
disease (Aertgeerts, 2003). For example for Giardia intestinalis infection, the US
EPA sets a tolerable risk of less than 1 in 10 000 people per year (10™) risk from
drinking water. Haas (1999) has described this as too low, given the rates of
gastrointestinal disease in the general population.

In Australia, The National Water Quality Management Strategy — Australian
Guidelines for Water Recycling: Managing Health and Environmental Risks (Phase
1) has set the target value of 10° DALYs (=1 pDALY) that, if exceeded, is a
potentially unacceptable risk. The extent of exceedance of DALYs or guideline
values (in the case of chemicals) for recycled water and the frequency of those
exceedances can be used to estimate risk as outlined in the Australian Guidelines
for Water Recycling Augmentation of Drinking Water Supplies 2007."

*

Examples of DALY Calculations: An Australian example from the National Water Quality Management Strategy — Australian
Guidelines for Water Recycling: Managing Health and Environmental Risks (Phase 1) for rotavirus infection is as follows:
mild diarrhoea (severity of illness weighting 0.1) lasting 3 days in 97.5% of cases;
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DALYs in the development of Health Based Targets

Once the tolerable risk has been established health based targets can be set for the
key chemical and microbial hazard parameters. This enables a recycled water
scheme (operating, for example, under Australian Guidelines for Water Recycling:
Managing Health and Environmental Risks (Phase 1)), to achieve the tolerable risk
of 10° DALYs per person per year. The establishment of these key chemical and
microbial parameters, usually in the form of guideline values for chemicals and
performance targets for microbial hazards, underpin the development of risk
management plans for recycled water schemes (Natural Resource Management
Ministerial Council, 2006).

Performance targets determine the required level of hazard reduction by measures
such as treatment processes and on-site controls (reducing both hazards and
exposure) (Natural Resource Management Ministerial Council , 2006). The removal
targets will of course be largely dependant upon the hazard concentration in the
source water, particularly with reference to specific reference pathogens (eg
Campylobacter jejuni for bacteria; rotavirus for viruses; and Cryptosporidium parvum
for protozoa). The Australian Guidelines for Water Recycling sets log reduction
targets for these reference pathogens, to ensure that end use water is fit for purpose
as is illustrated in Table 4.2.1. Viral, protozoal and bacterial log reduction targets
assume a known guantity of reference pathogens in the influent water.

Establishing DALYs for chemical hazards in recycled water is an emerging area.
Assessment has usually relied on the chemical risks attributed to genotoxic
carcinogens being measured in terms of an increased attributable cancer risk over a
lifetime (Havelaar, 2003). The current Australian Drinking Water Guidelines (ADWG)
(2004) sets target values for chemical parameters based upon on the highest dose
that causes no observable adverse effects (NOAEL), validated from long term animal
studies (Natural Resource Management Ministerial Council , 2007). The World
Health Organisation (WHO) also calculate a guideline value for genotoxic
carcinogens (defined as there is there no threshold concentration below which there
is zero risk) to equate to a one additional cancer per 100,000 people lifetime
consumption risk (discussed in Bartrom, 2001)

severe diarrhoea (severity of iliness weighting 0.23) lasting 7 days in 2.5% of cases;
rare deaths of very young children in 0.015% of cases.

Thus DALY per case =(0.1x3/365x0.975)+(0.23x7/365x0.025)+(1x80x0.00015)
=0.0008+0001+0.012
=0.013
Cryptosporidium, which can also cause watery diarrhoea (severity weighting of 0.067) lasting for 7 days, with extremely rare
deaths in 0.0001% of cases equates to a DALY of 0.0013 as follows:

DALY per case = (0.067x7/365)
=0.0013
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ce pnathoaens (recvcled water)

Log Indicative treatment process Log On-site preventive measures Expo-  Water quality objectives”
reduction reductions stre
targets achievable reduct-
(V,P, B)* by ion
treatment
(V.},B)

Use — Dual reticulation, toilet flushing, washing machines, garden use

6.3 Advanced treatment required, suchas: 63 Strengthened cross-connection controls + To be determined on case-by-case
50 « secondary, coagulation, filtration 50 tequired including ongoing education of basis depending on technologies
50 and disinfection 50 householders and plumbers + Could include turbidity criferia for

+ secondary, membrane filtration,
UV light

filtration, disinfectant Ct or dose (UV)
E. coli <1 per 100 mL

Use — Dual reticulation — outdoor use only or indoor use only

6.0 Advanced treatment required; for 60 Strengthened cross-connection controls + To be determimed on case-by-case
43 example: 43 required, including ongoing education of basts depending on technologies
30 + secondary, coagulation, filtration 30 householders and plumbers + Could include turbidity criteria for

filtration, disinfectant Ct or dose (UV)
E coli<1per 100 mL

and disinfection

+ secondary, membrane filtration,
UV light
Municipal use — open spaces, sports grounds, golf courses, dust suppression, et or unrestricted access and application

30 Advanced treatment required; for 30 No specific measures ¢ Tobe determined on case-by-case
35 example: 335 basis depending on technologies
40 + secondary, coagulation, filtration 40 + Could include turbidity criferia for
and disinfection filtration, disinfectant Ct or dose (UV)
+ secondary, membrane filtration, + E coli<1per 100 mL
UV light

(Source: Natural Resource Management Ministerial Council, 2006)

Limitations of DALY - Sensitivity and Robustness

Existing guidelines use disability adjusted life years (DALYS) to convert the likelihood
of infection or illness into burdens of disease. As noted, for infective agents, the
consensus suggests a tolerable risk of 1 x 10° DALYs to adjust for both risk of
infection and anticipated severity of infection. However, using QMRA criteria for
against such as viruses would require removal to levels below that measurable by
most laboratories. Therefore, for Class A indirect potable schemes, a compromise
requirement has suggested a suitable log reduction (7-log reduction for influent or 5
log removal after secondary treatment). Because of the diversity of pathogens
potentially present in recycled water, the guidelines recommend use of “reference
pathogens” instead (such as Campylobacter for bacteria, rotavirus and adenovirus
for viruses, and Cryptosporidium parvum for protozoa and helminths) The provided
dose responses for microbes have a moderate problem compared to drinking water
in that the DALYSs relate to drinking and not inhalation or (less or a problem) dermal
entry.

The sensitivity of DALYs is critically dependant upon the amount and integrity of
epidemiological data that is provided. Population based data on waterborne illnesses
is often not always representative of the entire population, as in the 1993 outbreak in
Milwaukee, USA where four deaths occurred in a non-immunocompromised
population of approximately 400,000, due to Cryptosporidium parvum infection
(Havelaar, 2000). Estimation of disease burden has been trialled in the Netherlands
due to infection with Campylobacter spp (Havelaar , 2000). They concluded that the
sensitivity of the total disease burden estimate is quite high and primarily related to
the YLD component, due to the low incidence of new cases (Havelaar,
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2003).Comparatively, case-fatality rates in developing countries could be expected
to be higher due to other contributory factors such as malnutrition, lack of rapid
public health interventions and a generally poor background health status of the
community.

There is no clear identifiable mechanism within the DALY metric calculation to deal
with uncertainties that may be associated with these estimates. Another specific
example of the limitation of DALYs inadequately addressing susceptible populations
relates to immunocompromised persons, such as persons with HIV/AIDS. Infection
with C.parvum in individuals with AIDS leads to gastroenteritis in virtually all cases
(Havelaar, 2003). This is particularly problematic in regions such as the African
nations where large proportions of the population are HIV-positive and would not be
considered as minor population subgroups, as they would in Western countries. In
other populations, there is also the possibility that a degree of immunity or relative
resistance could be afforded due to numerous previous cases of infection with the
water pathogens.

Pruss (2002) comment on the significant contribution of infectious diarrhoea to the
global burden of disease (GBD) from factors relating to water, sanitation and
hygiene, based upon exposure data only given that it can also be commonly
transmitted via other vehicles. The authors note that it is difficult to quantify the
disease burden due to water, sanitation and hygiene, due to:
a) many interrelated causes involved with the transmission of water-related
diseases;

c) lack of information on the risk factor-disease relationship.

Use of alternative data sources and methodologies to estimate DALYS

Utilisation of other data sources for little known pathogens and chemicals through
other techniques, such as the use of biomarkers and bio-indicators of exposure, is
an emerging area that will ultimately impact on recycled water health risk
assessment processes. For example, where recycled water production involves a
disinfection process, there is inevitably the production of low molecular weight
disinfection by-products (DBPs), with the most notable internationally being NDMA or
N-nitrosodimethylamine. The US EPA classifies NDMA as a substance that could be
reasonably anticipated to be a human carcinogen with a designated risk level of
(Ing/L) and a notification level of 10 ng/L (CDHS, 2007). This is an example, given
such low public health action levels, of where molecular epidemiology/biomarker
analysis would be particularly relevant to capture the initial exposure (albeit
potentially very small) to the NDMA and the associated changes that may occur at
the cellular level, prior to a clinically diagnosed disease state occurring.

Other authors (Tourlousse, 2007) refer to predictive model of virulence for all classes
of drinking water contaminants (i.e. bacteria, virus and protozoa) called Virulence
Factor Activity Relationships (VFAR). VFAR is focussed on prioritising these
pathogens based upon using comparative genomics, relevant descriptors of human
health and taking into account environment-related factors such as water conditions,
water treatment and distribution parameters and competition from other micro-
organisms.
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4.3. Characterisation of water sources in risk asse ssment

Source analysis and management is pivotal to the success of any indirect potable
recycled water scheme, particularly where there are significant industrial, commercial
and hospital waste streams entering the treatment train. The Natural Resource
Management Ministerial Council ,.,(2007) note the significant influence that industrial
waste discharges to sewers can have on the overall integrity of a recycled water
system. This is a view that is also shared internationally by the United States
Environmental Protection Authority in their “Guidelines for Water Reuse, September
2004".

Western Australia is distinctive in that the three major treatment plants in the
Metropolitan Area receive quite specific wastewater streams as indicated on the
following map (Figure 4.3.1.). The Subiaco Wastewater Treatment Plant (SWWTP)
receives domestic wastewater as well as the majority of the wastewater streams
from the major tertiary hospitals in the Perth Metropolitan Area. Accordingly this
wastewater treatment plant processes significant levels of pharmaceutically active
compounds as other hospital trade waste streams. The SWWTP has a design
capacity of 350,000 effective persons and treats approximately 61.4(ML/day) of
treated wastewater via an advanced secondary treatment process dissolved air
flotation thickening (DAFT) (Water Corporation 2006).

The Beenyup Wastewater Treatment Plant (BWWTP) processes domestic
wastewater steams with an ultimate design capacity of 1.1 million effective persons
and can treat up to 200ML/day of treated wastewater via advanced secondary
treatment, incorporated activated sludge with biological nutrient removal (Water
Corporation 2007). The BWWTP is the site for the groundwater replenishment trial
that is to be commenced in Perth in 2009. It is proposed that 1.5ML/day of
wastewater will be passed through ultra-filtration/reverse osmosis with advanced
oxidation (if required) prior to injection into the Wanneroo Member of the Leederville
confined drinking water aquifer. Analysis of the behaviour of the injected treated
wastewater in the aquifer will be undertaken as well as characterization studies of
the treated wastewater itself, an assessment of the hazard reduction effectiveness of
the respective treatment train components as well as community acceptance studies
into using recycled water as a water source.

The Woodman Point Wastewater Treatment Plant (WPWWTP) receives and
processes domestic wastewater streams and the majority of Metropolitan Perth’'s
industry and trade wastewater sources. According to P Wilmott on 15 January 2008,
approximately 7% of the total wastewater inputs to the WPWWTP is made up of
industrial flows. These originate from three main sources, namely:

— Large scale food manufacturers (dairies, meat processors and abattoirs,

and beverages producers);

— Commercial laundry operations;

— Metal finishers and geochemical laboratories.
This is compared to 6.5% industrial wastewater total flow into SWWTP and 2.5% into
BWWTP, from relatively inert commercial and industrial sources such as general
retail, restaurants, cafes with a couple of large food processors for SWWTP from the
Osborne Park Industrial Area.
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P Wilmott confirmed on 15 January 2008 that the Water Corporation operates an

extensive source control program for the main metropolitan wastewater treatment
plants in Western Australia.

Figure 4.3.1. Source water analysis in Perth
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Other WWTPs within Australia typically have a more homogeneous input of
wastewater streams which impact markedly on the level and type of Health Risk
Assessment that is undertaken for recycled water schemes that may be attached to
the respective plants. Source control programs exist widely, primarily in the form of
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trade waste policies and guidelines such as those implemented by Sydney Water,
respective Municipality run schemes (such as the Glenorchy Council Scheme in
Tasmania), and governance through the respective States Environmental Regulators
licensed and prohibited discharge to sewer mechanisms.

4.4. Microbial risk assessment for recycled water 1 ~ : Hazard ldentification

Haas ,. (1999) identifies a series of key steps in the hazard identification process as
follows:

- ldentification of the micro-organism as a cause of human illness associated
with proof using Koch’s postulates, which demonstrate that the agent is found
and is the cause of specific types of disease and when transmitted causes a
similar disease in the person newly exposed.

- Development of diagnostic tools that identify the symptoms, the infection and
more specifically, the micro-organism in host specimens (e.g., sputum, stools,
blood).

- Understanding of the disease process from exposure to infection to the
pathology, disease and potentially death.

- ldentification of possible transmission routes.

- Assessment of virulence factors and components of the micro-organism and
its life cycle that aid in understanding transmission and the disease process.

- Use of the diagnostic tools to evaluate the incidence and prevalence of
disease in populations (endemic risks) and for investigation of outbreaks
(epidemic risks).

- Development of models (usually animal models) to study the disease process
and approaches for treatment.

- Evaluation of the role of the host immune system in combating the infection
and the possible development of vaccines for prevention.

- Epidemiological studies associated with various exposures

This analysis must account for the phenomenon of secondary transmission of the
pathogenic organism, whereby an infected individual can infect further people, who
have had no direct contact with the recycled water source. This has been well
documented for noroviruses, for periods of up to 48 hours post recovery, which are
discussed further below as potential significant waterborne viral pathogens (Haas ,.
1999).

Quantitative Microbial Risk Assessment (QMRA) is the application of risk
assessment principles to estimates the outcomes form planned or actual exposure to
pathogenic micro-organisms (Haas, 1999). The theoretical basis for QRA/QMRA is
reasonably well established. Both Phase | and Phase Il of The National Water
Quality Management Strategy — Australian Guidelines for Water Recycling indicate
QMRA as the preferred method for assessing microbial risks associated with
recycled water supplies and the key components of a QMRA Framework are
described here.
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Reference pathogens for recycled water
Westrell (2004) comments on key inclusion criteria for reference pathogens in QMRA
models as follows:
— The major types of organisms should be represented (i.e. bacteria, viruses
and protozoans);
— The organisms should be occurring in the population;
— They should have a documented record of being involved in waterborne
disease outbreaks or constitute a hazard;
— Particularly persistent organisms should be included;
— Organisms with low infectious doses should be included;
— Organisms with serious symptoms and potential sequelae should be
represented,;
— The organism and its occurrence should be sufficiently well described in
peer reviewed scientific literature.

In view of these recommendations, the following reference pathogens, from key
groups (bacteria, viruses, protozoa) have been established as follows for recycled
water both in Australia (Natural Resource Management Ministerial Council, 2006 )
and internationally:

— Bacteria (Campylobacter jejuni)

- Viruses (Rotavirus / adenovirus)’

— Protozoa (Cryptosporidium parvum)

The justification and limitations of these reference organisms will now be reviewed.

Selection of bacterial reference pathogens

Thermophilic Campylobacter spp. (commonly C. jejuni) is a common cause of
gastroenteritis. In developing countries, frequent exposure to Campylobacter spp.
induces significant immunity, and milder and asymptomatic cases are more
common. Accordingly, this may limit the indicative ability of this organism in these
particular settings to some extent as a reference pathogen for bacterial loadings in
recycled water exposure. Campylobacter spp. related diarrhoea in developed
countries can be particularly problematic for highly susceptible populations such as
the elderly, the immuno-compromised and young children. Ashbolt (2004) proposes
that Campylobacter spp. and V.cholerae are the most important enteric bacteria for
developing nations. Data from the United States suggest that approximately 1 of
every 10,000 cases of clinical campylobacteriosis dies and several complications
have been reported including the acute immune disease Guillain-Barre Syndrome
(GBS) and reactive arthritis (ReA) (Ashbolt, 2004).

Selection of protozoal reference pathogens

Cryptosporidium parvum is widely recognised as being associated with outbreaks of
water related gastroenteritis in immuno-compromised individuals infected with the
organism, gastroenteritis consistently develops and death may result (Havelaar,
2003). Cryptosporidium is a relatively difficult organism to isolate from recycled water
samples and relatively large samples are involved, often up to 50L which then
require filtration. Currently Nationally Accredited Testing is not able to be performed

" In Australia, the indicator chosen for viruses is an amalgam of rotavirus and adenovirus, using dose-response data for
rotaviruses and occurrence data for adenovirus.
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in Western Australia for Cryptosporidium in water samples, which in itself is
problematic as the nearest accredited testing facility is located in South Australia, so
issues of transport cost, logistics and the sample integrity itself being compromised
arise.

Selection of viral reference pathogens

Rotaviruses are the single most important agents of severe viral diarrhoeal illness in
infants and young children worldwide. Rotaviruses tend to display a seasonal pattern
of infection in temperate climates, with epidemic peaks occurring in the cooler
months. Four serotypes of human rotavirus exist, although serotype 1 is the main
cause epidemic rotavirus diarrhoea in temperate climates. The virus is particular
threatening to susceptible populations such as the elderly, the immuno-compromised
and children under 24 months. Worldwide, rotavirus infection has been estimated to
have caused 35-40% of hospital admissions for diarrhoeal disease in patients under
2 years of age). Occurrence of rotavirus diarrhoea in developed countries is also
high, but relative mortality rates are low. In 1994 the number of cases of rotavirus in
the US was estimated at over 1 million in the 1-4 year old age group, with 150
deaths and a case-fatality rate of 0.015% (Havelaar, 2003).

The hepatitis A virus is another potentially waterborne viral micro-organism that is
distributed worldwide and is often associated with geographic areas of low
socioeconomic status. Common-source outbreaks have been associated with
contaminated water directly or indirectly, such as from undercooked molluscs
harvested from contaminated water. An example of this transmission occurred at
Wallace Lake in New South Wales where failing on-site effluent disposal systems
contaminated commercial shellfish harvesting farms with the Hepatitis A Virus. Post
infection immunity is thought to be life-long. An inactivated vaccine is available and is
part of the routine childhood immunisation schedule in Western Australia. Hepatitis A
in the United States has the highest incidence in young adults and children (Haas,
1999).

Norovirus is one of the two genera of the human caliciviruses (the other being
Sapovirus)(Westrell, 2004). Noroviruses affect all age groups globally and are
considered to be the most common cause of gastroenteritis in Western countries in
terms of the numbers of outbreaks and persons affected (Koopmans, 2004).
Andersson (2001) reported that the number of reported waterborne outbreaks with
norovirus is increasing internationally.

A range of other water related pathogens can cause chronic and severe symptoms
and sequelae in a limited number of infected individuals, including:
— Diabetes, associated with the Coxsackie B4 virus;
— Myocarditis associated with echovirus and Coxsackievirus
— Respiratory illness and central nervous system disorder associated with
Coxsackievirus
— Haemolytic uraemic syndrome, associated with haemorrhagic Escherichia
coli
— Reactive arthritis, associated with Salmonella spp

Selection of appropriate indicator pathogens
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The limitations of singular reference pathogens have been discussed previously,
particularly where multiple potential sources of the pathogen (outside the waterborne
pathway). For example, Cryptosporidium has also been implicated in food-borne
outbreaks and its use a reference pathogen for water exposure may introduce a
confounding effect. Rotavirus has been isolated from respiratory secretions which
would also introduce an additional potential mode of transmission for this reference
viral pathogen. Rotavirus also has the ability to persist for extended periods on
human skin and inanimate surfaces.

The route of exposure is a key consideration when selecting appropriate reference
pathogens for recycled water exposure and disease causation risk assessment
models. Many waterborne pathogens have varied disease-causing potential based
upon their route of human exposure such as:

— Naegleria sp., associated with aerosol exposure

— Pseudomonas sp., associated with skin exposure

— Campylobacter, associated with direct ingestion of contaminated food.

The Stockholm Framework advocates selecting reference pathogens that are
representative of susceptible subpopulations and notes that more than one reference
pathogen is often required (Bartram, 2001). The indicator organisms that have been
chosen for the Australian Guidelines may not be completely representative for all
population groups. In particular populations, significant transmission of these
pathogens could arise from other sources and potentially confound the results, such
as developing nations where, for example, Campylobacter from food borne sources
causes more cases of diarrhoea than food borne Salmonella. In Western Australia
particularly in the Northwest Region, helminths are a major concern in recycled water
systems and it has been argued that this group should be included as a reference
pathogen.

4.5. Microbial risk assessment for recycled water 2 . Exposure assessment/
Dose-response assessment

As noted, the dose-response assessment in QMRA is directed towards the
mathematical characterisation of the relationship between the average pathogen
dose received and the likelihood of infection or disease in the exposed population
(Haas, 1999). Two main models exist of infection process for QMRA, the
exponential model and the beta-Poisson model. The exponential model is the
simplest dose response model and assumes that the distribution of organisms
between doses is random and that each organism has an independent and identical
survival probability to initiate infection (Haas, 1999). The model is illustrated below:

Exponential Model

Probability infecion = 1 — exp(-rD)

where
D = pathogen dose
r = fraction of pathogens that survivesto p  roduce an infection
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The beta-Poisson model takes into account variability in the pathogen-host survival
probability (r). Such variability can be due to diversity in human responses, a range
of pathogen competence or both. The model is illustrated below as follows:

Beta-Poisson Model

where
D = pathogen dose
a & ID =parameters of the beta-distribution used to describe variability in survival.

(Haas et al., 1999)

The two primary sources of relevant information for dose response models are
human feeding trials and outbreak data. Human feeding trials are controlled
experiments where “volunteers” are administered doses of different pathogen
concentrations (Petterson, 2006). The number of volunteers who exhibit a response
that indicates an infection are then recorded for incorporation into the respective
QMRA dose-response model. However, a number of important uncertainties exist
with these studies (Petterson, 2006; Teunis, 2000): (i) uncertainty regarding the
absolute number of viable particles in the dose. This will be dependant upon the
source of the inoculum and the individual pathogen, as there will be uncertainty
about how many particles were actually infectious at the point of consumption; (ii) the
actual strain of the micro-organisms contained within the inoculum. The sourcing of
pathogens for feeding trails is largely driven by practical and logistical issues in
terms of what organism is available for use. In some circumstances the strain of
organism administered varies quite markedly from that cases infection in humans.
One example is where Cryptosporidium parvum is used, when in fact most human
infections are believed to be caused by Cryptosporidium hominis; (iii) the
representativeness of volunteers. For obvious ethical considerations, feeding trials
are only carried out on healthy adults whose immune response may not be
representative of the entire community.

In recent times, information from outbreaks of enteric illness have also been used to
estimated dose-response parameters (Teunis, 2005; Teunis, 2004). Data from a
real outbreak will demonstrate an actual response to human pathogens, without
constraints and adjustments required for a controlled study (i.e. the pathogens are
native to the systems and the exposed population are a true sample form the
susceptible population). However, uncertainties also exist in relation to these types
of data, including: (i) estimating the dose. There is an incubation period between the
pathogen is ingested and when the response (illness) occurs, and this time lag
makes it difficult for the source material to be readily identified for direct analysis. If it
is available, it may no longer be representative of the organism density at the time of
exposure (due to either inactivation or growth); (ii) illness rather than infection is
generally the endpoint. In controlled feeding trails, blood serum can be analysed on
daily intervals following exposures to identify whether infection has occurred. For a
real outbreak there is a reliance on the reporting of symptoms of infection (iliness),
which is only a proportion of the total infected population.

Once a set of dose-response data has been provided (often from the sources
defined above), the best fitting parameters of a dose- response relationship can be
computed via standard maximum likelihood techniques, as in Table 4.5.1. The
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method has been widely used for human viruses, bacteria and protozoan reference
organisms  (including rotavirus, enteroviruses Campylobacter sp. and
Cryptosporidium parvum). According to Kang ,., (2000) confidence limits can then be
estimated for these parameters which will allow extrapolation of results to low-dose
studies (i.e. animal to human study extrapolation).

4.5.1. Dose-response relationships for reference pa  thogens

Organism type Distribution Model Parameters
Enteric virus (rotavirus) , a=0233
) Beta-Poisson B =0.426
_ Pus= 1-(1+d/B) ——
Bacterium _ a=10.145
. . N Beta-Poisson o
(Campylobacter jgjuni) B=738
Protozoan . )
Exponential Pas = 1—exp(—rd) r=0039

(Cryptosporidium parvum)

o and 1 are parameters describing probability of infection: d = dose; B = median infective dose Ny ) = (27%1):

Py = probability of mfection

Ilodel parameters are a3 desenibed in Table 9.13 from Haas et al (1999), except for Cryptosporidium, where the data of
Measner et al (2001) have been uzed.

(Source: Natural Resource Management Ministerial Council, 2006)

4.6. Microbial risk assessment for recycled water 3  : Risk Characterisation

In the context of water contaminants, risk characterization integrates the results of
dose response and exposure assessment into a “risk statement” that includes
guantitative estimates of risk. Relevant outcomes made on the basis of the risk
assessment (Haas, 1999) may include:

— Expected risk of infection to a “typical person”;

— Expected number of illnesses in a community;

— Upper confidence limit for the expected number of ilinesses;

— Upper confidence limit for illness in a “highly exposed person”

— Maximum number of illnesses existing in a community at any one time.

Within the organisational structure of a water treatment, key elements of risk
characterisation have been summarised as follows:
— Determination of quantitative estimate of risk;
— Description of uncertainty;
— Presentation of the risk estimate;
— Communication of the results of the risk analysis to the key managers/
stakeholders

The Natural Resource Management Ministerial Council , (2006), also refers to
magnitude of risk in terms of recycled water being assessed on two levels being:
maximum risk: risk in the absence of preventative measures; and residual risk: risk
that remains after consideration of existing preventative measures. High priority risks
can be identified by considering the maximum risk which enables appropriate
preventative strategies to be developed, performance targets to be calculated and
planning for preventative measure or barrier failure. Residual risk provides an
indication of the safety and sustainability of a recycled water scheme and the
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requirement for additional preventative measures (Natural Resource Management
Ministerial Council, 2006).

| 4.7. QMRA applications and limitations

International application of QMRA to recycled water schemes

As previously mentioned, QMRA has been widely validated for a number of
reference pathogens and is internationally accepted as the indirect microbial risk
management tool of choice for both drinking and non drinking waters. An ,., (2007)
refer to the use of the Beta Poisson Model to determine the microbial risk of E.coli
ingestion for framers and neighbouring children from rice paddy fields irrigated with
recycled water in South Korea. The study indicated that risks were calculated to be
10*to 10 ®, which were comparable with the surface water irrigation supply risks.
Children were at the greatest risk of infection (An ,., 2007). QMRA has also been
used to define children as a population at high risk from infection by waterborne
pathogens based on growing body of international evidence (Nwachuku and Gerba,
2004).

Petterson ,. (2001) undertook a screening risk assessment utilising QMRA to assess
microbial risks from viruses associated with the consumption of lettuces spray
irrigated with secondary treated municipal effluent from Wastewater Treatment
Plants in California. The study assessed the impact of two main factors on the risk of
infection being: (i) probability density for the occurrence of human enteroviruses in
irrigation water; (ii) estimated die-off rates for viruses on the lettuce crops. Previous
QMRA investigations have used directly assayed enteric virus data, although for
these investigations a database of enterovirus concentrations was compiled for a
range of exposure settings, including golf course irrigation, salad crop irrigation,
recreational swimming and managed aquifer recharge. The QMRA Model found that
the estimate of risk from consuming lettuces irrigated with secondary treated was
more sensitive to virus decay rate than variation in the initial virus probability density
function (Petterson, 2001; Petterson, 2007).

Limitations of QMRA analysis

A number of constraints in QMRA estimates have been defined. Depending on the
experimental data provided, single hit models (such as the Beta Poisson Model) can
often lead to gross overestimates of risk at relatively low doses of reference
pathogens. These models may thus be considered an approximation whose validity
is not widely known (Teunis, 2000). This is particularly problematic where reliance is
placed upon relatively small data sets, with the production of likelihood-based
confidence intervals that can potentially have significant error margins. Some exact
models have a maximum risk curve, which limits the upper confidence limit of the
dose-response relationship due to the fact that risk cannot exceed the probability of
exposure. However, this property is not present with the Beta Poisson Model and
may limit its suitability for uncertainty analysis and for risk assessment of pathogens
with unknown properties (Teunis, 2000).

Peterson ,. (2001) note that the most important constraint to undertaking exposure
analysis for QMRA is lack of quantitative data on pathogens in waters and their
relative reduction at each stage of the treatment train. A rare example is the analysis
by Zmirou-Navier ,. (2006), who cross-validated the dose-response data for Giardia
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sp. as a waterborne infectious disease risk (using an Exponential QMRA Model) and
found that it was consistent with epidemiological data.

4.8. Chemical risk assessments for recycled water

As with pathogens, risk assessment of chemicals of concern is composed of four
elements: hazard/problem identification, hazard/problem assessment, risk
characterisation and risk management. In brief, hazard identification defines
properties of chemicals, such as physical state and its potential for bioaccumulation
and toxicity. Hazard assessment assesses the distribution of contaminants in the
environment (soil, water, air) and in biological tissues. Risk characterisation
evaluates the potential negative effects and probability of effects occurring.

Chemical hazards in recycled water consist of a variety naturally occurring, synthetic,
organic and inorganic species (Khan, 2007). The key classes of the chemicals that
are potentially found in recycled water are diverse, and include:

— inorganic chemicals;

— nutrients;

— pesticides;

— conventional water treatment chemicals, disinfection by-products and
advanced oxidation by-products;

— industrial chemicals;

— household and garden chemicals;

— surfactants;

— flame retardants;

— human and veterinary pharmaceutical products;

— personal-care products;

— natural hormones;

— general organic chemicals — aliphatics, chlorobenzenes, monocyclic
hydrocarbons, nitrosamines, organotins, phenols, phthalates, plasticizers,
polychlorinated biphenyl (PCBs), polycyclic aromatic hydrocarbons
(PAHS), sterols and stanols.

Indicator chemicals

An emerging area is the use of surrogate operational measures and indicator
chemicals to determine the presence of in particular trace organic and unregulated
organic compounds in recycled water. Indicator chemicals have similar physical and
chemical properties to the low molecular weight compounds for which they are
typically acting as a measure. They must also have similar rates of occurrence and
persistence in the environment to be considered as appropriate indicator measures
of actual chemicals that may be found in recycled water (Dickenson, 2008).

Indicator chemicals have been identified relative to the efficiency of respective
treatment train technologies to remove trace organic and unregulated low molecular
weight organic compounds from source water. The treatment train technologies that
have used to assess these indicator chemicals are:

Biodegradation (soil- aquifer treatment) e.g. MAR;

Chemical oxidation (ozone, advanced oxidation, chlorine and chloramine);
Ultraviolet light disinfection (low-medium level radiation);

Adsorption (activated carbon filters); and
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— Physical separation (nanofiltration/reverse osmosis and submerged
microfiltration/ultrafiltration).

They are then broadly classified into three removal efficiency categories:
— Good removal (>75%);
— Moderate removal (30%<x<75%);
— Poor removal (<30%).

This classification approach was verified by a nanofiltration membrane experiment
(Dickenson, 2008), whereby indicator rejection percentages corresponded with the
anticipated membrane treatment bin for the trace organic compounds.

Surrogate Measures

Surrogate parameters have also been proposed, whereby “bulk parameters” can be
assessed to determine the removal wastewater-derived chemical contaminants of
concern. The use of surrogates can be cost-effective: for example, conducting an
analysis for total organic carbon (TOC) is generally cheaper and often simpler than
that required for many of the lower molecular weight organic compounds (Dickenson,
2008).

Research on the use of surrogate measures for assessing efficiency of wastewater
derived contaminants of concern is limited. However, the following surrogate
measures are generally accepted as being representative of the effectiveness of the
relevant treatment processes:

Surrogate Measure Treatment System Performance
Prediction

TOC, BDOC, hydrophilic DOC, colour, COD, | Used to characterize effluent organic matter.
BOD, UV, fluorescence, molecular weight,
adsorption analysis, TOC, TOI

Nitrogen, Phosphorus, alkalinity Used to determine whether wastewater is amenable
to biological treatment.

4.9. Exposure assessment/ Toxicological evaluation of chemicals of concern

Traditional estimations of risks to human health from exposure to chemicals are
based upon extrapolations of animal exposure toxicological data, which is then used
to determine safe levels of chemical contaminants in drinking waters. ‘Dose-
response’ relationships can thus be determined to determine safe levels of specific
chemical contaminants in drinking waters. Although this approach has proven to be
successful for drinking water derived from pristine sources, it does not adequately
consider the potential contributions to the drinking water system that may arise from
the addition of recycled water or other non-traditional water sources (Khan, 2007).

Toxicity of chemicals to an organism is normally defined in terms of dose-response
relationships. When the target organisms are humans, dose-response relationships
may be derived from data obtained in epidemiological investigations, extrapolations
from animal studies, or toxicity assays on mammalian or bacterial cells.
Epidemiological data can provide the most realistic cause-effect relationships, but
are only available for a very limited number of chemicals. Credible and substantial
international research and standards exist to regulate the hazards posed from a
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variety of chemicals that have existing regulatory or guideline values and are
commonly found in recycled water sources. In Australia, the most commonly used
standard is the Australian Drinking Water Guideline (2004). Other chemicals exist in
recycled water that may have no guideline or regulatory value but credible
toxicological information, whereas other chemicals have no guideline or regulatory
value nor toxicological information available.

The dose-response relationships for chemicals of concern have been categorised in
a number of ways. These include classification into;

— ‘genotoxic’ or ‘threshold’ group (e.g. using the TDso or tumorigenic 50%
dose for cancers) versus ‘non-genotoxic’ group (using the
NOEL/Uncertainty factor approach e.g. EU, UK, WHO and drinking water
guidelines).

— low dose linear versus non-linear models (e.g. USEPA).

— the threshold of toxicological concern (TTC) that refers to the
establishment of a human threshold value below which there would be no
appreciable risk to humans based on intakes (in pg per person per day).
Dose-response relationships, once established, may then be used to
derive an acceptable daily intake (ADI) for each specific chemical, with an
appropriate safety factor.

Advanced methods that may be particularly applicable to this context include:
— Low-dose extrapolation may be determined using one-hit, multistage or
multi-hit models to determine the virtual safe dose. These models require
an extrapolation term of the form:

P=axBW"
where
P = potency of a chemical in a given species
a = constant relating to the potency of the chemical in a given species
BW = body weight of the species
b = empirically determined scaling constant

— Structure activity relationships (SAR) in which the effect of a toxicant if
inferred based on its chemical structure. Structure-activity relationships
can be used to extend the range of plausible inference and extrapolation
within and across chemical classes. In the assessment of possible
chemical activities, molecular epidemiology and the presentation of
plausible ranges of risk for populations and sensitive individuals within
those populations are emphasized.

— Xenobiotics may also be evaluated using methods such as functional
toxicology screens. These screens are comprised of cells transfected with
a functional gene (e.g. oncogene) along with a ‘reporter’ gene. These in
vitro screens allow an assessment of the degree to which a single
compound or multiple compounds might exhibit ‘dioxin-like’ or oestrogenic
activity or some other functional activity.

— Physiologically-based pharmacokinetic (PBPK) and toxicokinetic models
are increasingly being used for the conduct of high dose to low dose and
interspecies extrapolations required in cancer risk assessment. One
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common toxicokinetic model includes terms for distribution to four
compartments - well-perfused tissues, poorly refused tissues, fat and the
liver — and metabolism in the liver and/or kidneys (e.g. for TCDD or
‘dioxin’).

Screening health risk assessments are useful for undertaking a preliminary
assessment of the chemicals of concern in recycled water. Potential health impacts
are calculated using risk quotients in which measured concentrations are compared
against benchmark values Rodriguez ,.; (2007). Chemicals are then classified into
one of three tiers dependant upon the level of regulatory and toxicity data available,
as follows:

Three Tier Approach (Rodriguez ,. 2007)

Tier 1 — Chemicals with Requlatory Guidelines

For these chemicals the risk quotient (RQ) of measured concentration to the maximum contaminant
level is calculated. The relevant Regulatory Guidelines that are applied to calculate the RQ (in order
of priority) are:

» Australian Drinking Water Guidelines (NHMRC and NRMMC 2004);

*  World Health Organization (WHO 2004);

e US Environmental Protection Agency (US EPA 2006); and

e California Code of regulations — Title 22 — (California Office of Administrative Law 2006).

Tier 2 — Unregulated Chemicals with Available Toxicity Information

For these chemicals health-based advisory values for non-carcinogenic and risk specific doses are
used. Reference doses, acceptable daily intakes or tolerable daily intakes are used non-carcinogenic
chemicals with the slope factor used carcinogenic chemicals to calculate safe levels of consumption
of drinking water over an entire lifetime.

The International Agency for Research on Cancer (IARC) monographs and the US EPA Integrated
Risk Information System (IRIS) are used for cancer classification in order of priority. Compounds
determined not to be carcinogenic (Group 3) in the IARC classification system are treated as non-
carcinogens. Compounds classified as “possible carcinogens” by the IARC (Group 2B) have an
uncertainty factor of 10 included in the benchmark values

For non-cancer health outcomes an adult consumption rate of 2L/day of membrane filtration/reverse
osmosis (MF/RO) water is assumed with a typical body weight of 70kg and a 70 year lifespan. It also
assumes a relative source contribution from recycled water to diet of 20%, excluded other potential
intake sources such as air and food.

Tier 3 Unrequlated Chemicals without Available Toxicity Information
In recycled water the threshold of toxicological concern (TTC) is used to determine safe chemical
concentrations, below which there would no significant risk to human health (Kroes ,. 2004 ; Kroes ,.
2005) This threshold is established from a statistical analysis of available toxicological data. Each of
the individual unregulated chemicals is then allocated into one of the three Cramer classes — low,
medium or high toxicity, based primarily upon its chemical structure.

Limitations of chemical risk assessment
The ‘traditional’ chemical risk assessment involves (i) identifying known chemicals of
concern; (ii) considering toxicity (dose-response); (iii) considering exposure; (iv)
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setting limits within safe concentrations. However, this approach is often insufficient
for some water reuse schemes, with new exposure pathways arising from non-
traditional sources. Exposure assessment are traditionally undertaken for “normal” or
“expected” conditions only, with or without variability analysis. There is a complex
mixture of chemicals that are poorly defined and highly variable. With respect to
hazard identification, it remains unclear which chemicals/ endpoints to select. Dose
response-assessment are often conducted for specific chemicals, but some argue
should instead encompass the entire effluent mixture. Risk characterisation and
management are often oriented to managing the exposure to hazards identified
under “expected” conditions.

As with microbial contaminants, acceptable levels of chemical parameters will be
dependant on the proposed reuse applications for the water and, in many cases,
site-specific factors such as the degree of dilution with water from other sources.
Risks to human health from chemicals is variable, with some imparting acutely toxic
effects and others resulting in chronic health risks and sequelae from often lifetime
exposure to relatively low levels of a particular chemical (Khan, 2007). The long
latency period of disorders, such as cancer, caused by some environmental
toxicants limits the accuracy of these estimates.

The issue of indicator chemicals is highly relevant at present, as the draft Australian
Guidelines for Water Recycling: Managing Health and Environmental Risks
Augmentation of Drinking Water Supplies (2008), currently require exhaustive
sampling, particularly in the pharmaceutically active compounds (PhACs) group.
This sampling requirement tends to conflict with local research work that has been
undertaken in Western Australia by the Premiers Collaborative Research Project
(PCRP). The PCRP has identified that sampling for targeted structurally similar
compounds in the PhAC groups would be sufficient rather than all of the compounds
in the respective PhAC groups.
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5. Framework for Targeted End-user protocols

The targeted end-user protocols are classified into a number of evaluation nodes
that lead to decision nodes.

This project will advance the traditional, semi-qualitative methods for assessing the
safety of water contaminants by using Bayesian approaches to estimate parameters.
Depending upon the activity of the agent or the state of knowledge on toxicological
effect, probabilistic analysis with WinBUGS will involve determination of the range of
plausible risk estimates using Monte Carlo simulations. This process will permit
estimation of additional lifetime disease burden at an average intake over a set
duration of time, with appropriate interval estimates.

Monte Carlo analysis performs particularly well in the following situations: (i) the
guantity of data is small. For many estimates of exposure, Bayesian models require
less data than empirical models; (i) flexibility of Bayesian hierarchical modelling
which permitting the declaration of parameters which are related but not necessarily
equal.; (iii) Bayesian models more successfully incorporate absence of data from
analytical from low contaminant levels (i.e. shortcomings from the limitations of
detection; LOD).

It is proposed to use a Bayesian network to combine the various pathways
components and data sources illustrated in Figure 5.1. Monte Carlo testing is a
simulation-based method for the assessment of evidence for the support of different
hypotheses by generating a large number of sample values from the joint posterior
distribution for the hyperparameters and dose-response parameters. Once the
model has been constructed and posterior distribution tested (usually using
simulation), the fit of model will be assessed. Sensitivity analyses are used to
consider how much posterior inferences change when other probability models are
used (such as those that differ in priors, sampling distribution, or in what information
is included). In particular, consistency of the model in relation to the data will be
assessed (posterior predictive checking).

For example, in estimating population intakes of contaminants in recycled water,
probabilistic models based on resampling empirical data will be used to estimate the
intake distribution by combining, in a large number of iterations, the consumption and
body weight of a randomly selected consumer with randomly selected concentration
values from the monitoring data. Sampling errors in the consumption and
concentration data generate uncertainty corresponding to each percentile estimate.
Bayesian estimates for this uncertainty can be obtained by calculating the selected
percentiles in many intake distributions, each based on several Monte Carlo
iterations. A common output would be the 50th and 95th percentiles of sampling
distribution, which would be include uncertainties.
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The framework for the targeted end-user protocols a  re defined below in Figure
5.1. The fields and information boxes are not yet ¢ omplete, but the
components of the Evaluation Node E-1 and the Decis ion Node have been
included to indicate the order of analysis and gene ral appearance.

Figure 5.1. Overview of evaluation and decision nod es for recycled water exposures and
health endpoints

Node E-1: ASSESSMENT OF PROCESSING AND DISTRIBUTION PATHWAY S

Node E-1.1. EVALUATE PRIMARY SOURCE Node E-1.3. EVALUATE ADDITIONAL
WATERS < CONTRIBUTIONS TO WASTEWATER STREAMS
v
Node E-1.2. EVALUATE TREATMENT «—> Node E-1.4. EVALUATE REPROCESSING
PROCESSES
v
Node E-1.5. EVALUATE STORAGE AND < Node E-1.6. OTHER PLANNED OR UNPLANNED
DISTRIBUTION SUPPLY INPUTS
Node E-2: ACTUAL AND POTENTIAL WATER UTILISATION
Node E-2.1. EVALUATE PLANNED OR Node E-2.2. EVALUATE UNPLANNED OR NON -
REGULATED USE REGULATED WATER USE
|
Node E-3: CUMULATIVE END -USER DOSE
Node E-3.1. EVALUATE ACTUAL OR Node E-3.2. CLASSIFY DEGREE OF
POTENTIAL DURATION OF EXPOSURE END-USER PROTECTION
Node E-4: POPULATION Node E-5: MICROBIOLOGICAL
VULNERABILITY/ RELEVANT OR TOXICOLOGICAL MODELS
COVARIATES
Node E-4.1. APPLY RISK WEIGHTS FOR Node E-5.1 APPLY DOSE-
VULNERABLE POPULATIONS RESPONSE MODELS
Node E-6: SHORT-TERM AND LONG-TERM HEALTH ENDPOINTS
Node E-6.1. DETERMINE SHORT-TERM Node E-6.2. DETERMINE LONG-TERM
(HEALTH ENDPOINTS/INDICATORS OF HEALTH ENDPOINTS/INDICATORS OF
TOXICITY TOXICITY

Node D: DECISION NODE

Node D-1. ASSESS SENSITIVITY OF ASSUMPTIONS
Node D-2. CALCULATE THE EXPECTED UTILITY OF DECISIO NS

Node D-3. IMPLEMENT DECISION

Node D-4. IMPLEMENT MONITORING AND FEEDBACK STRUCTURES
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EVALUATION NODE E-1:
ASSESSMENT OF PROCESSING AND
DISTRIBUTION PATHWAY S*

*Example only

® NODE E-1.1 EVALUATE PRIMARY

—

SOURCE WATERS

> BACKGROUND

The source water may be derived from a nhumber of contributory streams:
—  Original potable water source
—  Municipal wastes (excreta, detergents, antiseptics, washings, etc)
—  Stormwater influx
— Industrial discharges
—  Treatment processes
—  Biochemical production during storage or distribution

Such waters may contain the following:

Pathogenic organisms or their by-products

Human microbial pathogens found in water are often enteric in origin. Enteric pathogens enter the environment in the
faeces of infected hosts and can enter water either directly through defecation into water, contamination with sewage
effluent or from run-off from soil and other land surfaces.

Full analysis of each pathogen is limited by cost and technical constants on rapid identification of the organism. However,
sampling and inferences about concentrations of pathogens may be problematic given their highly variable distribution in
water supplies. Optimal reference pathogens that have been suggested by various authors include:

- Bacteria: such as Campylobacter, Shigella, Salmonella. E. coli 0157:H7

- Viruses: such as noroviruses, rotaviruses, adenoviruses, enteroviruses, Coxsackieviruses)

- Protozoa: (e.g. Giardia, Cryptosporidium)

- Helminths e.g. cestodes such as Taenia spp., and nematodes, such as Ascaris lumbricoides

Chemical toxicants
Chemical toxicants that may potentially found in effluent include:
- Pharmaceuticals and their metabolites
- Personal care products (PPCPs) : e.g. benzophenone, musk ketone, galaxolide and triclosan
- Disinfection by-products : e.g. trihalomethanes, HAAs, HANSs, furanones
- Nitrates and nitrogen-based by-products: e.g. nitrosodimethylamine — NDMA
- Heavy metals and metalloids: e.g. As, Cd, Cr, Cu, Hg, Ni, Pb, Zn and Fe

- Pesticides and other agricultural chemicals: e.g. atrazine, organophosphates (including
fenitrothion), organochlorines (including dieldrin, heptachlor and DDT), synthetic auxins (2,4,5-T and
2,4-D)

- Detergents, disinfectants and other cleaning agents

- Hydrocarbons, including Total petroleum hydrocarbons (TPH)/ Polycyclic aromatic hydrocarbons
(PAH)

- Food components and additives/Caffeine

- Other domestic, industrial and agricultural compoun ds I: Organic including phthalates/ phenols
(e.g. bisphenolA, nonylphenol and nonylphenol polyethoxylate)/ polybrominated diphenyl ethers
(PBDE)/ Polychlorinated biphenyls (PCBs) / Volatile organic compounds (VOCs), including benzenes,
toluenes

- Other domestic, industrial and agricultural compoun ds II: Inorganic

- Radionuclides

- Chemical mixtures

Radioactive species
In some circumstances, high concentrations of radioactive products (radionuclides) may potentially be found in effluent.
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- PRIORITISE MICROBIAL CONTAMINANTS IN

PRIMARY SOURCE WATERS

Example of data

Example of estimation
procedure

Example of output

Counts/levels of microbial
indicators/reference pathogens in
source water constituents
entering treatment plant

Mixture models

Estimates of median and 97.5%
centile microbial concentrations

- PRIORITISE CHEMICAL CONTAMINANTS IN

PRIMARY SOURCE WATERS

Example of data

Example of estimation
procedure

Example of output

Concentrations of chemical
indicators/ representative
chemicals of concern in source
water constituents entering
treatment plant

Mixture models

Estimates of median and 97.5%
centile chemical concentrations
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® NODE E-1.2 EVALUATE

= —_

PROCESS

> BACKGROUND

The processes to be evaluated include those for primary treatment (the initial screening and sedimentation to remove gross
and settleable solids), secondary treatment (this is the minimum standard required for most agricultural and municipal
recycled water schemes and usually involves low rate stabilisation processes, such as facultative lagoons or
biological/mechanical treatment such as biofiltration, trickling filter, intermittently decanted extended aeration or activated
sludge plants;) and tertiary treatment (treatment of recycled water beyond the secondary biological stage, usually with
removal of a high percentage of suspended solids and/or nutrients through additional filtration processes, such as
membrane filtration followed by disinfection).

Treatment effectiveness may be influenced by design features such as:
- bed depth, hydraulic flows and media characteristics for dual-media filtration
- pore size of membranes (e.g. microfiltration versus ultrafiltration)
- disinfectant doses and detention times
- detention times in lagoons and wetlands.

To assess the variability of treatment effectiveness under normal operation, various indicators of treatment efficiency may
be selected, including ‘targeted’ testing in the treatment train. Nanofiltration/Reverse osmosis systems provide the
maximum log-reduction and are often preferred where direct human exposure is likely to be significant.

Examples of removal efficiencies are provided in the Australian recycled water guidelines:

Table 3.4 Indicative log removals of enteric pathogens and indicator organisms

Indicative log reductions”

viardia

Treatment

_rB ryptosporidium

ta [Helminths

A

S |

1 L
=}

"

[=]

]

Primary 0-0.5 05-1.0 0 0
treatment
Secondary 1.0-3.0 1.0-30 0.5-2.0 0525 0515 0.5-1.0 0.5-1.0 020
treatment
Dual media 0-1.0 0-1.0 0.5-3.0 1040 1.0-30 1.5-25 0—1.0 2.0-3.0
filtration with
coagulation
Membrane 3.5—=6.0 3.5—=6.0 25-—=6.0 3—=6.0 =6.0 =65_0 =6.0 =6.0
filtration
Eeverse =6.0 =60 =6.0 =6.0 =6.0 =6.0 =6.0 =60
OSMOSis
Lagoon storage 1.0-5.0 1.0—4.0 1.0-40 3040 1.0-3.5
Chlorination 2.0-6.0 3. 0—2.5 0.5-1.5 0-0.5
Ozcnation 2.0-6.0 3.0-6.0 2060 N/A N/A
UV light 2.0—4.0 =1.0 3.0-5.0 =3.0 =3.0

adenovirus

=3.0

enteroviris,

hepatitis A
Wetlands — 1525 1.0 N/A S5-20 05-15 0.5-1.0 1.5 0-2.0
surface flow

[=]
n
|

s

(=]

Wetlands — 1.0-30 MN/A 1520 1520 0.5-1.0 1.0-3.0 N/A
subsurface

flow

IN/A = not available; UV = ultraviclet

a Feductions depend on specific features of the process. including detention times, po*e size, filter depths, disinfectant

Sources: WHO (1989), Rose et al (1996, 2001}, NRC (1998), Bitton (1999), USEPA (1999, 2003, 2004}, Mara and Horan

_______

(Source: Natural Resource Management Ministerial Council ,, 2006)

Other indicators of treatment/disinfection efficiency include:
- Turbidity
- Biochemical oxygen demand (BOD)
- Suspended Solids
= pH
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- Chlorine residuals
- Ammonia
- Phosphates

For chemicals of concern, priorities include pharmaceutically active compounds (PhAC) and endocrine disrupting
compounds (EDC). PhACs and EDCs originate either from industrial or domestic sources and thus can be detected in a
wide range of recycled waters although they tend to be present at very low concentrations (usually in the range of ng/L).

- PRIORITISE MICROBIAL CONTAMINANTS

POST TREATMENT PHASES

Example of data

Example of estimation
procedure

Example of output

- Log removal data for

specified pathogens

- Challenge testing of various
operational components of
the system with safe
biological surrogates
(phages)

Meta-analysis of log-removal
efficiencies for treatment phases

Range of performance criteria for
removal of microbes

- PRIORITISE CHEMICAL CONTAMINANTS POST

TREATMENT PHASES

Example of data

Example of estimation
procedure

Example of output

- % removal of specified
micropollutants

- Challenge testing of various
operational components of
the system with safe
chemical indicators

Meta-analysis  of  %-removal
efficiencies for treatment phases

Range of performance criteria for
removal of chemicals of concern
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J NODE E-1.3 EVALUATE ADDITIONAL

ONTRIBUTIONS  TO  WASTEWATER
F TREAMS

> BACKGROUND

Other sources of water may intentionally or unintentionally enter the treatment stream. Microbial pathogens may exist in
other supplies or catchment environments, depending upon factors such as sunlight, temperature, oxygen, organic carbon
oncentration and competition from other microorganisms. The levels of chemicals of concern, such as persistent organic
pollutants, in additional supplies must be assessed to estimate levels entering recycled water streams.

- PRIORITISE MICROBIAL CONTAMINANTS IN
ADDITIONAL WASTEWATER STREAMS

Example of data Example of estimation Example of output
procedure
Counts/levels of indicator Mixture models Estimates of median and 97.5%
pathogens in other source water centile microbial concentrations
flows e.g. stormwater inputs

- PRIORITISE CHEMICAL CONTAMINANTS IN
ADDITIONAL WASTEWATER STREAMS

Example of data Example of estimation Example of output
procedure
Concentrations of indicator Mixture models Estimates of median and 97.5%
chemicals in other source water centile chemical concentrations
flows e.g. stormwater inputs

® NODE E-1.4 EVALUATE
REPROCESSING

x> BACKGROUND

Additional disinfection of the recycled water is the most important part of the reprocessing and depends on the intended
inal use of the recycled water and the likely level of human contact. Disinfection of recycled water is achieved using a
ariety of methods, including: chemical (e.g. chlorination, ozonation); physical (e.g. ultraviolet radiation, microfiltration);

biological (for example, detention lagoons).
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- PRIORITISE MICROBIAL CONTAMINANTS
FOLLOWING REPROCESSING

Example of estimation Example of output

procedure

Example of data

Counts/levels of indicator
pathogens before and after
reprocessing events

Range of performance criteria for

Meta-analysis of log-removal
removal of microbes

efficiencies for reprocessing

- PRIORITISE CHEMICAL CONTAMINANTS
FOLLOWING REPROCESSING

Example of estimation Example of output

procedure

Example of data

Concentrations of indicator
chemicals before and after
reprocessing events

Range of performance criteria for

Meta-analysis  of  %-removal
removal of chemical of concern

efficiencies for reprocessing

® NODE E-1.5 EVALUATE STORAGE AND

DISTRIBUTION

> BACKGROUND

Primary aspects of waterway storage and distribution which will be used to inform human health outcomes include the
hydrodynamics of aquifers in relation to surrounding geomorphologies, effluent inflow management, draw-off rates and
levels, temperature destratification and abstraction sites.

- PRIORITISE MICROBIAL CONTAMINANTS IN

DISTRIBUTION PATHWAY

Example of estimation Example of output

procedure

Example of data

Counts/levels of indicator
pathogens in storage reservoirs

or during augmentation;
Multistage pathogen sampling of
recycled water at point of supply

Time-dependent  models

correlated data

for

Rates of decay or microbial
growth
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- PRIORITISE CHEMICAL CONTAMINANTS IN
DISTRIBUTION PATHWAY

Example of data Example of estimation Example of output
procedure

Concentrations of indicator
chemicals in storage reservoirs or | Time-dependent models for | Rates of chemical degradation or
during augmentation; correlated data formation
Multistage chemical sampling of
recycled water at point of supply

© NODE E-1.6  EVALUATE  OTHER

PLANNED OR UNPLANNED SUPPLY
INPUTS

x> BACKGROUND

Sources of information for this evaluation include:
- employee knowledge
hydrological records and stormwater flows
inspections and field audits
land-use surveys and catchment maps (stormwater)
maps (of sewerage system, stormwater system)
records from local authorities (e.g. locations of on-site systems, animal feedlots, sewage treatment plants), and
records of trade waste programs (sewage)
research and investigative monitoring
resource maps and reports from natural resource management agencies (e.g. for soils, vegetation, geology,
groundwater)
sanitary surveys (stormwater) and surveys of industrial inputs into sewerage systems

- PRIORITISE MICROBIAL CONTAMINANTS IN
UNPLANNED SUPPLIES

Example of data Example of estimation Example of output
procedure

Counts/levels of microbial

parameters in non-regulated Hierarchical models Median and 97.5% centile values
streams of microbial contributions

e.g. river/dam supplies
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- PRIORITISE CHEMICAL CONTAMINANTS IN

UNPLANNED SUPPLIES

Example of data

Example of estimation
procedure

Example of output

Concentrations of chemical
parameters in non-regulated
streams
e.g. river/dam supplies

Hierarchical models

Median and 97.5% centile values
of chemical contributions
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RECYCLED WATER DECISION NODE*

*Example only

D-1. ASSESS SENSITIVITY OF

® NODE
ASSUMPTIONS

> BACKGROUND

This analysis is based on the conditional distribution of relevant parameters and outcomes, given information
observed as a result of an earlier decision (Gelman , 2004). These models permit optimisation of decisions and
acknowledgement of uncertainties.

The first step is to identify all possible decisions d and outcomes x. In this context, a plausible outcome would be DALYS,
although outcomes may have multiple attributes (e.g. may want to include dollar costs) and be expressed as vectors.

® NODE D-2. CALCULATE TIHIE

EAPECTED UTILITY OF DECISIONS

N

x> BACKGROUND

The next stages are:

- _to determine the probability distribution of x for each decision option d; in Bayesian terms, this equates to determining
the conditional posterior distribution, p(x|d)

-a_utility function U(x) mapping outcomes onto real numbers must be defined: e.g. may be a simple continuous
representation of x e.g. years of life saved; costs — or may be represented by multiple attributes e.g. DALYS.

- an expected utility E(U(x)|d) is calculated as a function of the decision d, and the decision with the highest utility is
selected. In this context, a decision tree is formed, in which a sequence of 2 or more decisions might be taken and the
expected utility must be calculated at each decision point.




71130 © PWF/UWA Interim Report 1 Premier's Water Foundation Grant # 017 05

® NODE D-3. IMPLEMENT DECISION

> BACKGROUND

he final format of the data will constitute an algorithm to determine the management decisions for the recycled water
athway. The management option at each decision node will be one of the following:

= I. NO ACTION
= Il. URGENT RE-TESTING AND REVIEW
= [lIl. MONITORING AT INCREASED SAMPLING FREQUENCY AND REVIEW

= IV. ADDRESS NON-FUNCTIONING OR SUBOPTIMAL COMPONENTS IN
WATER RECYCLING PROCESS

® NODE D-4. IMPLEMENT MONITORING

AND FEEDBACK STRUCTURES
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6. Planning for the next stages

This project will apply the models and targeted end-user protocols (TEPS) - with their
evaluation of recycled water using the integrated public health/quantitative risk
assessment (QRA) - for schemes in metropolitan Perth, as well as focusing on
needs of regional centres where recycled water in already in use (such as Northam,
Broome and Kalgoorlie).

These include:

- systems in new urban residential developments— reason for prioritisation:
many opportunities for potential exposures to large populations; installation of
untried or little documented technologies

- agricultural applications — reason for prioritisation: potential for indirect routes
of human exposure via uptake by plants or livestock

- small-scale schemes in rural towns — reason for prioritisation: limited
opportunity for installing highly advanced water treatment processes or
systems for monitoring treatment effectiveness

- systems in tropical areas — reason for prioritisation: nature of pathogens in
source waters and possibility of pathogen regrowth in warmer temperatures

In each setting, the analysis will identify:

- which contaminants are of a higher risk and are therefore a priority for attention;
and
which water recycling strategies are deserving of full implementation on the
grounds of reasonably demonstrated safety. This will include recycled water
schemes which may have potential impacts likely to compromise water sources
(e.g. groundwater, which are particularly difficult to remediate once damaged).
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ANNEXE 1

Session notes of P.W.F Workshop

Angus Cook, David Roser, Stuart Khan
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FPremier's Water Foundation Grant
ASSESSING THE PUBLIC HEALTH IMPACTS
OF RECYCLED WATER USE

EVALUATING METHODS FOR
QUANTITATIVE RISK ASSESSMENT
(QRA) AND EPIDEMIOLOGICAL
ANALYSIS

DECEMBER 2007

AGENDA
Mon am
- OVERVIEW
- WORKSHOF THEME |. IDENTIFICATION OF KNOWLEDGE
GAPS
Mon pm

- WORKSHOP THEME II. IMPLEMENTATION OF RECYCLED
WATER PROGRAMS

- WORKSHOP THEME lIl DEFINING RISKS TO INTENDED AND
WNINTENDED END-USERS

. WORKSHOP THEME IV. DECISION SUPPORT
. wosﬁEHt}P THEME V. RESOURCE NEEDS
- SUMMARY AND REVIEW

A

OVERVIEW

In achieving the objectives for treated
wastewater use established by ‘A State
Water Strategy for Western Australia
(2003)

= critical to consider the public health
implications of recycled water projects.

o t -
Inali-forms of recycled water use, the “big
unkrawn’ remains the correct
quanﬁﬁgaﬁqn of health risks.
\

3

¢ Any recycled water scheme is unlikely to
be successful without the community's
acceptance

» Essential to achieve a higher degree of
epidemiological and quantitative risk
assessment (QRA) integration to guide
decisions on adequate and safe use of all

oit.ential applications of recycled water

A key component of the success of the
project in this State is the evaluation of
recycled water schemes in urban and
rural Western Australia
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This seeks to include:
(@) in urban and rural communities;
(b} in occupational sites (e.g. agriculturall mining sites);
(c} in recreational areas, including sports grounds;
{d) in schoolsichildcare centres;
(e} in the development of new residential or commercial
subdivisions;
(f) unintended uses and contacis with the recycled water
stream

ggg\lt}ns have included sites in metropolitan
as well as regional centres where recycled

water is-already in use (such as Northam,

This project does NOT currently
include:

In this project. we will not explicitly include these
issues for logistical reasons

E'lh'IHY‘FI'IEITi| |55u.=s-e‘Tec:s per se eg. impacls on
aguatic spes
Effects on agn.uhuml crop'pasiure growh per se
e.. effects of reeycied water used for imgaton on
salinfty. phosphorous, nitrogen
Shornaater
ainwater
"heinan Drevme “Greywater for Every WA Home™ ™
.5

M r"N:Esa naton

Karratha, ‘Broome, and Kalgooriie). yee m:&?,ﬁ‘;ﬁi’ﬁ,’;ﬁ;tﬂ‘: e SRRl oAr
’Q__\ separate ‘ad prlcgeds
\ A
0 BJ E CTIV ES O F TH E ?.E)Ie.\ outeibuting ta the degree of public aceeptance

CURRENT P.W.F. PROJECT

{a) identifying and filling the gaps in the current and future
application of recycled water guidelines in Weslemn
Australia;

() guiding State management decisions to convert a

-greater number of faciliies and vegetated areas to

_~Immigation with recycled water,

(B} tbdevelop a risk framework for adequate interpretation
of bmmmun ity concemns related to use of recyclad water;

(d) prowdiﬂg WA communities with a public health-based

of water rence

U5 pblle acceprames of water vewse seems o be

leighser when |2-5]:

» Diegres of T

[ Prokecton of pulih

« Protechon o the emvr
ez

= Proemetan of witer conservation is o clar beneft of

15 35wl
5 CTEAr
ument o o clear benchit o the

aement 2 diveribution reclmelogies aud

soublke

= Perception of wasiewater ns the omrce of reclaimed
witer 15 mimins]

& Amareness of water spply problems m the
comnommity is 1

ol

Inirvsed water in oversl] vser supphy

safety anal Jﬁ_t{_‘r address community concems LmﬁJ:uc: [ 1
regarding s;fety__of recycled water use. aued iectualogis Hartiey, 2008
A .
Generic experiences from undertaking/being involved in
water reuse risk assessment
- Guideine selection.
- Ciata management
- C=finng the scale of the nsk aszessment and the end poirt.
- Selectng the input data for modeing risk {inital concentrations, bamier
effects, dose responze
How much can you use 1he literature and when do need to colect
<cech: sits 257 - WORKSHOP THEME L.

Resp=chive roles of qualiative v. quanidifatee risk assessment.

- Point estimaton  Monte Carlo simulatens
Risk scenano ssleclion and construction

- Relationship of risk estimates to decision processes
|5 it acceptabls to have a high fsk to sma’ populatons under rars
stuations?
Inciusion in the assessment of other related risks [from faciors ofher than
recycled water)

- Hazardous event modsing

- Acsessment ‘standards’ appled to old schemes v. new schemes

{Dizcussion l=d by D. Roser and 5. Khan)

IDENTIFICATION OF
KNOWLEDGE GAPS
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The main issues pertain to:

- nsk olwat-le pathaglns or their toxins not being complets!
moved

in the i
n‘f‘rrlfel:tlous disease

ent process, thereby causing an excgs ‘burden

- risk of ‘chemicals of concern’ (such as :- rganic compounds: heavy meta’s;

pharmaceufical by-products =iz) not bein

removed in the treatment

process, thereby causing tm(lculugma] eﬁects (e.g. endocrine disruptors.
which have been Inked D:ql"fEI‘Ilh‘lj' and cancersin an?rr.a. models)

The main problems arise in irlferrjng risk, particularly for long-term

contact with recycled wate

ﬂ:ﬁécfﬂapn ncipal objectives of this project is to assign some risk

st e and predict possible health end-points for a range of
water lications {e.g. for irrigation; hor-tillculture

consu jon Bte).
>

N

QUESTIONS FOR THE PANEL

Q. For each of the following contaminants/
contaminant groups, what is the optimal
evidence-base that should be used to assess
risk? [i.e. for a given contaminant, what
information and analysis is required for you to
determine likely risks to the end-users?]

Q. In the worst-case scenario, what are the
health implications of human contact with this
contaminant/ contaminant group?

Q. Is additional information or analysis needed
for ¥au to determine the safety of this
contaminant/ contaminant group?

A

A. Microbial hazards

Tabn il Mkroargamim of comrem ke sewIge

Tz

Additional microbial hazards

- Prions
- Microbial By-products
e g. algal / cyanobacterial toxins

Chemical toxicanis that may
pclten‘!l ally found in E“IL.enl

Pharmacauticals and their
metabolites

benzophencns, musk ketone,
ga.amllde and trciosan
- Disinfection by-products: e g.
rinalomethanes, HAAs, HARS,
frananes.
Nliratesl and nitrogen-based by-

products:
aitreso i Emﬁarrne—NDl'u"I.!

tals and metalloids:
EdCr_,u Hg, Mi, P, Zn

crga hcs ga:::!mdudlng

eranothion), deganochlorines
|ndudlng |e|r.|r|:\ heptachior and
b T}, syl Emcalpuns I'Z &5-T
and 2.4-0)

b
L

Fersonal care products (PPCPs):

B. Chemical hazards

Detergents, disinfectants and ather
cleaning agents

Hydrocarbons, ncluding Total
petrobeurm hydrocarbons [TFH)
“cl,ﬁ?c ' afomate hydrocarhons

Food components and
additives/Caffeine

Other domestic, industrial and
agricultural compounds |- Organic
ncuding phthalaes! phencls (2.9.
as:-*'en-:m. T phenaland -
nyphenal pohvelhc:-:ﬁa‘le )

x romnaes doheny &

|PEDS 'Pol lorinated h-phem-l=
{PCH atile c:rganlc COMPOUnas
\-’OCsﬂ nc.J ong benzenes, ouenes
Other domestic, mdustnal and
agricultural compounds 1

Inorganic

Radionucides

Chemical mixtures

From an analytical perspective, the
contaminant classifications may be
summarised in Table 1.
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ey Ty AT =
Natare s et sl Curkanis st .
Sl e camad .
: Rumsfeld's Postulates - known knowns and
r—rrpyer—
WEHEBOLOOEAL |  Webpyart domm sl b roigrh
oA TS ot poceh et —— unknown unknowns
JPATHOGERS ANDYR . ibbe com parabres Arishe
e gty ol | Cotret s e : : /
Ly : Pns (Discussion led by S. Khan / D. Roser)
Pt sove st | oot ropamngen. | meyesmesn
gospbpde i e priain o
CrmIcAL " daus ral haslit R vl
CEntamnikrts " eedgab paeehy dalimd ks bl -
CHEMICALE LRl il 3 LT
T ey " Feaanta L e i - v =il
s s | o et imnon o %
nad Perwi s coempacalten rmlnsinin ‘.ll_ﬂme X
maoais aeniinbie \.

Understanding water treatment performance
variability

WORKSHOP THEME II.

(Discussion led by S. Khan / D. Roser)

IMPLEMENTATION OF
RECYCLED WATER

PROGRAMS
% N L]
QUESTIONS FOR THE PANEL Water quality indicators/ bulk
parameters
Q. Which of the following parameters are
or may be particularly informative with Additional indicators of water quality and treatment
regard to recycled water quality? process integrity include:
- Turbidity
—| Q. Which of the following parameters are = - Biochemical oxygen demand (BOD)
1 NOT or are UNLIKELY to be particularly - .;ﬁswnded Solids
|nfor_m;a?twe with regard to recycled water  Chlaritie residuals
quality? - Ammonia’.,
- Tempergture
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Indicator arganisms are used to detect the
presence of faecal contamination, including:
- Thermotolerant coliforms
- Coliphages
- Clostridial spores
- Pseudomonas
- Aeromonads

-'--:_iﬁdj_mtpr contaminants are used fo detect the
‘presence of faecal contamination, including:
- Faecal sterols

A}
\

Other indicators of biological activity,
including:
- Proteins
- Phospholipids

- Bacterial lipopolysaccharides (LPSs)

Toxicity testing

Other indicators of biclogical activity/end-
point toxicity of recycled water, including:

- In vitro e.9. genetic damage; disturbances in
enzymatic or cellular functioning

__ - Invivo e.g. animal testing for carcinogenesis;
- fetotoxicty; other subchronic effects

“= Environmental activity e.g. estrogenic
effects on aquatic organisms in water

catc‘ri@ent_s

A

Other indicators of treatment efficiency,
including ‘targeted’ testing in the
treatment train for:

- Log removal data for specified pathogens
- % removal of specified micropollutants
—AND/OR

'&hajlénge testing of various operational
r.:omp\cngnts of the system with
safe %rroqates ( phages /[ chemicals)

\
\

Other relevant predictors of water
quality

Additional predictors of water quality may
include the nature of the source waters:

- Residential
- Industrial

= Meat and poultry processing sites (e.g.
“abattoirs)
- Clinical{ hospital

W k'
|
A

QUESTIONS FOR THE PANEL

G. What safety issues arise in water recycling schemes at
different scales and in different confexts e.qg. large
water utilities versus small schemes; industrial versus
residential ?

Q. What role do health and other government agencies

have in assessing safety issues in this full range of
recycling schemes?

Q. What safety issues can be transferred from other

projects, what can be derived from the guidelines,
what has to be done de novo?

Q. How can the end-users be best informed of safety
issues in differing schemes?
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WORKSHOP THEME III.

DEFINING RISKS TO
~/INTENDED AND UNINTENDED

QUESTIONS FOR THE PANEL

Q. What do you see as the risks to intended
users in each of the following categories?

Q. Could unintended use/accidental contact
arise in the following categories, and what
would be the risks to individuals as a
consequence?

DOMESTIC USE

END-USERS Q. How do we optimise safety for these
Ny intended and (if relevant) unintended users?
INDIVIDUAL-LEVEL, DOMESTIC
USE (1)
IN DIVI DU AL LEVE L i. For fndoorgo:ab!e domesiic use in urban and rural
- = communities

ii. For indoor non-pofable domestic use in urban and rural
communities

Sy |
i For outdeor nen-patable domestic use in urban and rural
communities
Ny
A

\

INDUSTRIAL / COMMERCIAL
USE

INDUSTRIAL/ICOMMERCIAL USE (1)

Sub-cateqory |: Potential impingement on human food supplies
iv. For commercial purposes potentially impacting on
food supply (e.g. sites or activities relating to
agriculiure, horticulture, cropping, eic)

Sub-cateqory |I: (For processes not included in subcategony |)
Potential worker exposurs possible
V. For open system commercial purposes (e.g. with extemal
~—appiication of water reiating to sitviculturs, cultivation of
=it mineral extraction, etc)

.

Sub-cateqary |k (For processes not included in subcategory |

or I} Mo bisfential worker exposure
vi. For closed system commercial puiposes (e.g. use of
water withlly intamal industrial processes, efc)
\
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MUNICIPAL USE

MUNICIPAL USE (1)

Sub-category |: Uncontrolled access
vil. Use in uncontrolled municipal or other public
areas, including parks, gardens and sports grounds,
schools/childcare cenires

Sub-category I: Controlledirestricted access
viil. Use in confrofied municipal or other public areas

"‘%&Liﬁli:&egmy I1l: Mixed access

i-Gthelin which use may be controlied or uncontrolied
depengding on the context e.g. fire fighting
W
\
\

WORKSHOP THEME IV.

N DECISION SUPPORT

NSW Case example by David Roser and
Stuart Khan

A possible ‘exposure/risk structure’ of
recycled water that is being considered for
this project is along these lines:

REFER TO HANDOUT

» The final format of the data will constitute an
algorithm to determine the management
decisions for the recycied water pathway.

¢ The management option at gach decision point

Wit e one of the TofowiTg:

=| =1 NO ACTION
| =1l URGENT RE-TESTING AND REVIEW
=1l MONITORING AT INCREASED SAMPLING FREQUENCY AND REVIEW

= W_ADDRESS NOMW-FUNCTIONING OR SUBOPTIMAL COMPONENTS IN
WATER RECYCLING PROCESS
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QUESTIONS FOR THE PANEL

Q. What do you see as the key decision points in

the safe provision of FECYG|Ed water 1o users?
[possibly with reference to the pathways described earfier]

Q. Who do you see as responsible for these
decisions.y'_? 2 WORKSHOP THEME V.

Q. What monitoring information is needed to

| support these decisions?

Q. How dolshould we evaluate the effectiveness
of the decisions that have been made?

Q. How do/should we manage hazardous events
which are rare and/or there are no data for?

RESOURCE NEEDS

: . ..\

Staff and facilities Software
There is some uncertainty around the - Software offers much promise for facilitating
= & 2 assessments, access to information such as
expertise, time, and money available data tables efficiently, comparing the risks ,
W“_.'[m governn*!ent_agen'::les and providing initial assessments of specific site
affiliated organisations risks
__for assessing risks of recycled water use - Such systems need to have experts to

cpnstruct, operate and maintain and this takes
- ~_fesaurces.
S - Thereis a long history of dead pilot software —
N the ideas.seem sound but the implementation
is poor,
%

A\

Monitoring costs 1: Costs of chemical analyses [Saligot 2008] Maritoring costs 2: Costs of microbial analyses [Saigot, 2006]

ey of plepticessdnn iries] ipeslimy g imnr

Tilie ¢

Font calcalatizn of macrcbadopcal malyas

Viery gk F200 Tagh, €50 100, nicadfean, EI0R. Lo, €10 Lery’ b, <EG
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QUESTIONS FOR THE PANEL

Q. Are health departments properly set
up/resourced (expertise, time, money) for
assessing risks of recycled water use?

Q. Are the State's laboratory resources
sufficient for the o])utimal monitoring process
for recycled water?

SUMMARY AND REVIEW

Q. What would be the preferred form in which
these risk assessment were completed? IE in-
house software; externally supported NS
analyses; expert analyses

R \

QUESTIONS FOR THE PANEL

END-PRODUCTS
Which of the following products from this project will ne most useful
to you:
- Software ssugaga machine - efner standand 1ssus nak asseasmant or
npa$lallai modalling .
etem for genercall Ing GRA to classlly recycled systems
bfaadly | g'NI’!'. I e?#gglshg'. ‘unzata’ Hy recy yet
- Adask#ghlmll -baged model that accounts for acale In terms of
apgaga .0, IBrge volume aystame [=1000 Kilday) recalvs fu
Eggl;ﬁ_igrﬁ angassment; amallar volume aystems recalve generlc

- - Education package
N - Datsbase of key refercences

- Monitering and audit achema

- Sharl—t#}crltnnafor new projacts e.g. ae llat of qualltative and quantitative
chackoowas

- Ligt of case applicaflons

- List of recommandations for additional DosrStats resources for a
sadicatad recyciad water unit

- Croas-inks for the above with exiating or propossd guidslines

\
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ANNEXE 2

Rumsfeld’s Postulates —
Known knowns and unknown unknowns

Stuart Khan
Centre for Water & Waste Technology (CWWT)
University of New South Wales
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UNSW

Rumsfeld’s Postulates —
Known knowns and unknown unknowns

Stuart Khan
Centre for Water & Waste Technology (CWWT)
University of New South Wales

_X_ CENTRE FOR WATER & WASTE TECHNOLOGY

Health risks assessment components
+ Chemical exposure
« Pathogen exposure

= System reliahility / hazardous events analysis

_A_ GENTRE FOR WATER & WASTE TECHNOLOGY

UNSW

Chemical contaminants

All chemicals (potentially) in source water (municipal
sewage)

+ May have come from:
— Original potable water source

— Municipal wastes (excreta, detergents, antiseptics,
washings, etc)

— Stormwater influx

— Industrial discharges

— Treatment processes

— Biochemical production during storage or distribution

LNSW

_X_CENTRE FOR WATER & WASTE TECHNOLOGY

What is acceptable quality?

+ Accepted benchmarks:
— Acute chemical risks: HQ<1
— Chronic chemical risks: cancer risk < 10®
— No such bench marks for others such as EDCs

+ Common US approach for IPR:

— Reclaimed water of equal or better quality than traditional
source water

- Alternative approach:
— DALYs as used for pathogens (still require benchmarks)

_X_GENTRE FOR WATER & WASTE TECHNOLOGY

UNSW

Defining quality objectives
Traditional approach:
- Identify known chemicals of concern
— Consider toxicity (dose-response)
— Consider exposure
— Set limits within safe concentrations

Insufficient for some water reuse schemes
— New exposures pathways to non-traditional sources
— Complex mixture of chemicals

* Poorly defined

+ Highly variable

X__CENTRE FOR WATER & WASTE TECHNOLOGY

UNSW

EnHealth Guidelines

+ enHealth Councll (2002)

“Environmental Health Risk
Assessment: Guidelines for
assessing human health
risks from environmental
hazards”

.

Provide framework for public
health risk assessment

_L_CENTRE FOR WATER & WASTE TECHNC|
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Typical risk characterisation calculations

Risk from ingestion and inhalation exposures to carcinogenic contaminants
in water:

Cx[(EE. xIFW 4 x CSE,) + (EF, x VE, x InhF_; x CSE,
Risk () = SXUEE X IFW,y x CSE,) + (EE, X VE, x kg x CSE))|

AT, x1000ug/mg

Hazard guotients from ingestion and inhalation exposures to
noncarcinogenic contaminants in water:

IRW,. VF, xIRA,

Rumsfeld’'s Postulates

+ Known knowns

— Chemicals we know we
know

* Known unknowns

— Chemicals we know we
don't know

* Unknown unknowns

CxEF, xED, +( ) ‘ ; *+ Unknown knowns?
i ® o RID, A RID, ] — Chemicals we don't ) .
[Hazard Quotient (HQ) = BW xAT, x10004g/mg know we don't kKnow — Chemicals we don't
: * s know we know
TXCGENTRE FOR WATER & WASTE TECHNOLOGY LINSWY TXC CENTRE FOR WATER & WASTE TECHNOLOGY LINSW
Alternative risk characterisation ...but which assays?
+ Can not identify ALL chemicals + “Development of an Ecotoxicity Toolbox to Evaluate Water
b : : : Quality for Recycling”
Cacr’w |d_ert1t|fy toxicological ~ WA Department of Water
ERCPoIns . o . = Water Corporation
— Can be quantified by in vitro or in = CRCWar
VIvO assays + UNSIW (CWWT)
+ Ames test, = Curtin University
= sister chromatid exchange assays, " 5 2 ; 3
+ ‘micronuclets tast + "A national approach to risk assessment, risk communication
+ 6-thioguanine resistance assay and management of chemical hazards from recycled water”
» induction of adenomas — CRC WQT/WQRA
+ hormonal effects * UNSW (CWWT)
(estrogenicity, etc) = EnTox
= other toxic effects = Australian Water Quality Centre (SA Water)
Cha i + Melboune VWater, Sydney Water, ACTEW (ACT), United Water
TXCCENTRE FOR WATER & WASTE TECHNOLOGY LINSW TXCCENTRE FOR WATER & WASTE TECHNOLOGY UNSW

Variability of treatment effectiveness
under normal operation

Quantitative descriptions required

Describe concentrations as probability functions

Monte Carlo models may be necessary

Analogous to QMRA

Individual process performance data used to

access performance of overall system

- ‘Palgﬁgssary for contaminants below analytical detection

— Allow for extrapolation for estimation of probability that
treatment goals would be exceeded

.

.

T-:C‘TE!J TRE FOR WATER & WASTE TECHNOLOGY

UNSW

Typical chemical risk assessment

- Hazard identification

— which chemicals/ endpoints?
+ Dose response assessment

— For specific chemicals or ‘whole effluent mix’
- Exposure assessment

— Traditionally undertaken for “normal” or “expected”
conditions only

— With or without variability analysis
» Risk characterisation
- Risk management

— Manage exposure of hazards identified under “expected”
conditions

T-:CC,:‘CTRE FOR WATER & WASTE TECHNOLOGY

UNSW
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Extreme example of hazardous events

+ Chernobyl
— Hazard identification
* Radioactive substances
— Dose-response assessment
+ Acute and chronic effects
— Exposure assessment

» How much is released from the plant during operation?
+ Transport and fate

+ Exposure pathways (oral, inhalation, etc)
— Risk characterisation

. : CENTRE FOR WATER & WASTE TECHNOLOGY

UNSW

Water recycling schemes

* Highly contaminated water source

+ Advanced water treatment

* Very high degree of removal for many
chemical contaminants
— For many chemicals >3 Log,, removal expected

- Difference between expected performance and
potential failures is significant

- ‘Risks’ driven by ‘hazardous events’

K ( CENTRE FOR WATER & WASTE TECHNOLOGY

LINSW

Water recycling hazardous events

* An incident or
situation that can
lead to exposure to a
hazard

— Examples:

+ Treatment failure or
underperformance

+ Variable production of
disinfection
byproducts

+ Dual reticulation
cross-connection

XCCENTRE FOR YV

NATER & WASTE TECHNOLOGY

LINSW

New National Guidelines

+ Phase 1. non-potable uses (2006)
« Phase 2 potable uses (2008)

+ Requires serious consideration of
chemical hazards

» Requires consideration of
hazardous events

+ Risk management framework
— Hazard identification

— Risk assessment

— Preventative measures

‘__I CENTRE FOR WATER & WASTE TECHNOLOGY

UNSW

Risk in terms of hazardous events
* Risk

— Likelihood of identified hazards causing harm
+ in exposed populations or receiving environments
* in a specified timeframe
+ including the severity of the consequences

— Characterised as
+ Low
+ Moderate
+ High
+ Very High

X

RE FOR WATER & WASTE TECHNOLODGY

UNSW

Hazardous events

« Each hazardous event associated with unique
set of

- Likelihoods
— Conseguences

+ Hazard exposures (chemical concentrations, etc)
» Acute hazard quotients
« Chronic risk factors

* Represents an additional dimension to
(enHealth) risk assessment

Xc

NTRE FOR WATER & WASTE TECHNOLOGY

UNSW
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Issus Idamtificatian

i Gune st o vy

Multiple exposure Current gaps in hazardous events data
assessments

Detailed long-term performance data

T —— =
Pt Do ;Conzequencest:f — Advanced treatment processes
Aosenent azardous even ' o
Cotmton . | < Cobutinamd — DBP production variability
gyl oo
e
s by ]

Nature of potential hazardous events

— How poorly may a process perform?

— When is it likely to occur?

— How long may underperformance or failure persist?

bt
B

Expusiss Assussmant

Ak o I bacesons
e N———

[

b

Comesddion o gutvmes
Extinunco o st et
e pacnags

[
reanty shecn

Likelihood and consequences!

et v

Risk Characterisation

oA oLoGY LINSWY XC CENTRE FOR WATER & WASTE TECHNOLOGY LNSW
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ANNEXE 3

Experiences from Quantifying Microbial and Chemical
Risks

D. J. Roser, S. Khan, N. J. Ashbolt
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UNSW

Experiences from
Quantifying Microbial and
Chemical Risks

David Roser, Stuart Khan, Nick
Ashbolt

The ‘Devil in the Delails

__{_ GENTRE FOR WATER & WASTE TECHNOLOGY

Generic Experience Sources

Water reuse risk assessment- Replacement
Flows

EU MicroRisk — operational implementation of
QMRA theory to drinking water supplies

Feedlot Waste Risk Assessment and
Management — especially exposure
assessment

+ SCA Risk assessment planning
+ NHMRC 2005 Rec guideline implementation

UNSW

TXCCENTRE FOR WATER & WASTE TECHNOLOGY

Guideline Selection

» Water Reuse Guidelines —

* But Also:
— Recreation Guidelines
— EnHealth Impact Assessment Guidelines
— EnHealth Risk Assessment Guidelines

- Drinking Water Guidelines Principles
+ Water Safety Planning (Davidson et al)

+ Hazard identification and (Qualitative) Risk Assessment
in Water supplies (CRCWQT/Nadebaum/Hrudey)

TTC\'E!\‘TF!E FOR WATER & WASTE TECHNOLOGY

UNSW

Standard format for Regulators

During Replacement Flows Project DOH
requested complete reformat as a result of
assessor change

Format requested was standard EnHealth
HRA Heading Setup

This is a good logical format worth consistent
with Recycled Guidelines

But its implementation led to identification of
data gaps! (Good and Bad)

X CENTRE FOR WATER & WASTE TECHNOLOGY

UNSW

e ———————y—r——

oy

Health Risk
Assessment

= Use scheme fo systematise
work

= Data mining + gap filling
(CVWWT work)

= Requires

— Hazard sssessment
{research lit review)

- Dose respanse (literature) 3

— Exposure Pathway
Assessment (Initial provides
basis for research program)

{:} ‘Uncertainty’ '\ .

_X_CENTRE FOR WATER & WASTE TECHNOLOGY

Health Risk Assessment Task Groups

Mot just motherhood statements but 2 worksble system o fink assessmentresearch to management
outzomes!!

Establish the Context and Scope of the
Quantitative Risk Assessment

¥ ¥
Support Risk
Activities Core Health Risk Assessment Tasks Manage-
.. Scenarios, ‘ Hazad Dose Exposure ment Links
Hazardous (4| Identification || Response ||Assessment) s oo .

avents,

g Reality Chacks
Historical Characterised Risk

record, Critical Limits

iy Auditing

_X_CENTRE FOR WATER & WASTE TECHNOLOGY

UNSW
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Data Management

Large Volumes of Data Collected

Range of baseline and hazardous even scenarios to
explore (permutations + combinations also known as
the complexity problem)

Large number of assumptions and sub models
(concept of meta model) to be documented

Special Case of SCADA data — much promise but
no system (data rich, information poor)

Data interpretation — e.g. dose response curves
have much uncertainty - parameter varnability,
relevance of bioassays to disease

YCCENTRE FOR WATER & WASTE TECHNOLOGY U]'\:S’v"‘

Uncertainty Identification

Variability v. Uncertainty in data

+ Data Gaps (other pathogens and especially
chemicals)

+ Impossible to quantify total risk because of poor

data on many rare catastrophic events

‘Rumsfelds Postulates

— unknown unknowns = prions

— unknown knowns = climate change + evolution effects —
P. aeruginosa example

— known unknowns = prion

s .0 on is well suited to g fear i tive of nsks — polifical
football and suggests a lack of clarity demanded of decision makers
YC.CENTRE FOR WATER & WASTE TECHNOLOGY LH\ES\)\

Defining the Scale of a Risk
Assessment and Its Endpoint

Risk assessments are necessarily open ended and
decision on where to stop assessment is necessarily
a value judgement

Execution of HRAs leads to iterative learning and
gap identification for better and worse

DOH kept coming back wanting more as they grew
to understand the system

A useful model 1s EPAA, EIA and EIS
implementation experience — consider the size of
this ‘industry’

fx::zlﬂrrz FOR WATER & WASTE TECHNOLOGY L’NSVV

Adaptation of HRA to the Commercial
Environment

+ Expectation is that many HRAs would be done by
commercial companies? Or by government?

« When is a qualitative assessment enough?

+ Commercial companies need certainty for budgeting?

« Companies are time constrained and may not be able to fill
the real knowledge gaps

+ Replacement water project led to a quadruple resource need
and double budget in practice

Potential for unrealistic expectations on part of commission
organisations, water companies, local government etc.

+ The trouble is the inexorable fogic in the assessment process drives
infarmation gap filling

"C CENTRE FOR WATER & WASTE TECHNOLOGY LE\’S\)\‘;

Are health departments properly set
up/resourced
* Expertise

— state health units seem to have ca 5 operational people (in the 10s nationally
- mofecularianalysts could be trained but different specialist view the world
differentiy)

+ Dedicated unit/structurg???
+ Time
- time poor is the bane of the cument era;
— management demands ever increasing quality and attention o detail while
providing less resources
— Flexibility
Philosophically (goes to competing drivers)
— Resource allocation heavily based on emction rather than statistics
- Environmental v. Human Heakh
Victoria and betwsen state diferences in guideling appiication
Easy to say Nol where there is any risk
People v. the envirenment as the priority {Deep Ecology)
Collignon and first principles {science plus emotion plus hidden agendas??)
— Risk management v. risk assessment divide
+ Consider financial resources needed for Environmental Assessments

‘t:EI.TFE FOR WATER & WASTE TECHNOLOGY UNS’VV

Selecting the input data for barrier
modeling of risk

+ Initial concentrations

+ Model contaminants

« Barrier effects

« Environmental fate and transport

» Treatment processes and malfunctions

+ Dose response — can alter the output risk greatly
+ Exposure doses

+ Selected populations

Options can be many, varied, suspect, imited in detail and
contradictory

TYCCENTRE FOR WATER & WASTE TECHNOLOGY WSVVI
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Literature v. Site specific data

How much can you use the literature and
when do you need to collect specific site
data?

Generic assumptions in guidelines good
enough v. Need for site specific.

Desktop Assessment First is often Feasible
But Exposure Pathway Assessment may
identify many data gaps

TXCCENTRE FOR WATER & WASTE TECHNOLOGY [JNS’G\;

Exposure
Pathway
Complexity
(feedlot
example)

ENTRE FOR WATER & WAS'

3

Exposure Pathway Screening

+ ldentify hazards
+ Identify compartment classes and specific compartments where thay
might be found
+  ldentify between compariment links where transfer might occur .0, water
to aimosphere
+ |dentify start compartment and end receptor population
+ Assess gualitative sk potential’ posed by transfer between
compartments if it occurs
— Likelihood of transfer = frequency
— Impact potential {load, proximity to humans, percepfions)
— Identify low prionty transfers (e g. covered by cther, feedback eic )
— Set fransfer concem threshold (=5}
+  Compile information in database
+ Using database query engine compile all pessible pathways
+ Calculate the aggregate risk score of each path
+  Filter paths based on filkering low priority transfers and risk score
+  Compile list of high priority paths and score compartments and transfers

TXCCENTRE FOR WATER & WASTE TECHNOLOGY U‘I’\:S“ﬁv"

Some Aspects of Quantitative
Assessment

« Respective roles of qualitative v. quantitative
risk assessment.

— (qualitative ratings are scientifically unsatisfying and open
to perceptions of bias)

« When is point estimation enough, when do
you need to Monte Carlo simulations.

« If Monte Carlo — then which statistic
— 95" percentile v. Average v. median

« Risk scenarios selection and construction.

"I::Eu TRE FOR WATER & WASTE TECHNOLOGY L[{\%‘S“\b’

Qualitative Risk

QMRA
(Decision Analysis Assessment
(Decision Intuition)

Prob. of infection = 10= = Severity = n1

.

[}
o

-person”’ Matrix Product

year! Score

@ 95 percentile =nl"n

cu = poayyayn

T CENTRE FOR WATER & WASTE TECHNOLOGY U]\“FS}F"‘

Relationship of risk estimates to
decision processes.
« Do risk estimates become the new de facto
compliance target?

+ Do they stand apart and the decision is based
on weighing qualitatively all factors?

« Put another way how prescriptive do you want
to be?

Dowie (20008) - Bayesian Decision Analysis

TYCCENTRE FOR WATER & WASTE TECHNOLOGY UNS\‘;\’
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5 X CENTRE FOR WATER & WASTE TECHNOLOGY

Is high risk to small population under
rare situations acceptable?

If hazardous event has catastrophic impact risk 1s
automatically high (biosolids assessment)

High risks are associated with unlikely hazardous
events

RF hypothetical example - Risk from drinking raw
river water over a lifetime

New Zealand Example — where to you put resources
— more efficient in the city

UNSW

Inclusion in the assessment of other
related risks

+ Do you add the risks from factors other than
recycled water or assess in isolation?

+ Logistics Issue encountered with
Replacement Flows project where scope of
project kept expanding
— Drinking, recreation, vegetables, shellfish
— Aerosols, spraying of fields, other sources

UNSW

5 X CENTRE FOR WATER & WASTE TECHNOLOGY

[ CENTRE FOR WATER & WASTE TECHNOLOGY

Hazardous event modeling

Can throw up scenarios that are very worrying
How realistic they are is unclear.

What constitutes being overcautious

How to express, how to respond?

UNSW

Assessment ‘standards’ applied to old
schemes v. new schemes.

* Address all at once

+ Address at upgrade or expansion time

+ Replacement Flows - water from STPs was
already acting as ‘environmental flows in the
river and was being used for indirect potable
recycling thanks to the ‘Magic Mile’

[ CENTRE FOR WATER & WASTE TECHNOLOGY

UNSW

X _CENTRE FOR WATER & WASTE TECHNOLOGY

UNSW

SEVEN THORNY ISSUES

and some other stuff

X _CENTRE FOR WATER & WASTE TECKNOLOGY

UNSW
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1. Grey Water Recycling especially for
single dwellings

We propose excluding this issue for logistical
reasons but whatever guidelines are developed
should at least be consistent with the likely
management of such externalities in the future
This issue will likely come back because of its high
public profile

Paossible approach might be to class recycled
projects on volume treated, population exposed
basis using the volume as analogous to likelihood
and population analogous to severity.

TXCCENTRE FOR WATER & WASTE TECHNOLOGY LQN’S'(&’%

2. Unigueness

» Every project is unique

* What can be transferred from other projects,

* What can be obtained directly from the
guidelines?

* What work has to be done de novo?

* What issues should operational guidelines
prescribe and what should be left to the
assessor?

f*_‘c;—:ﬁn: FOR WATER & WASTE TECHNOLOGY L]j'\}S\,\‘

3. Monitoring /Critical limits/Auditing
(these are a sample)

Compliance v. Targeted monitoring
Traditional analysis based compliance monitoring is:
— very expensive and
— only gives wamning after a problem is detected which can
be weeks or months
Monitoring of or for hazardous events
— Risks are much more a concem at such time;
— The Change point problem
Proactive(=applied research) v. Reactive monitoring

YCCENTRE FOR WATER & WASTE TECHNOLOGY LINSW

4. Planning instruments

Do require Water Safety plans as part of the
process?

At what level of risk or recycling scale do you
trigger recycling guidelines (workshop?)
Integration with general land and water
planning

Adaptive Environmental Management and
Planning

Drinking water

YCCENTRE FOR WATER & WASTE TECHNOLOGY LINSW

5. Planning system theory

* The current model is known as the scientific
or rational management method

* The system can fail at times

* The system is currently failing e.g.:
— it does not have a good response to ad hoc grey

water recycling which is taking place anyway

—‘unintentional’ indirect potable reuse

* There are alternative planning theories from
the Environment literature but unclear how
applicable to Health context.

TYCCENTRE FOR WATER & WASTE TECHNOLOGY UNSW

6. Software, DSS and electronic
support

« Software offers much promise for:
— facilitating assessments,
— access to information such as data tables efficiently,
— comparing the risks
— providing initial asssssments of specific site risks
+  There are several types of software:
— Specialized tools such as Hydrnus — a groundwater modelling tool
— More generic risk assessment and estimation such as @Risk programs
— Expert gystems which could be based on rules and databass
» Buch systems need to have experis to consiruct, operate and maintain
and this fakes resources.
+ Research is first step after which there is development and marketing and
training which require traditionally 10 times additional resources
+ There is a long history of dead pilot software — ideas seem sound but
implementation is poor.

T:-E NTRE FOR WATER & WASTE TECHNOLOGY LE\‘S}\V‘\
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Other Issues END OF NEW STUFF

+ Dose Response

. . . + PWF seminar 1 about the system
— microhial assumption is maximum likelinood curve

* Responses to Hazardous Events + Water Reuse Conference presentation
- Hazardous events which are rare and/or

— there is no data for.
« Microbial unknown unknowns
— ({prions, antibictic resistance)
- (generically covered by Stuart)
« DALYs
— (we only have a few so far)
— Infection risk probatility
— Promotion of flexible interpretation of guidelines
Resourcing (see issues in part A. )

TXCCENTRE FOR WATER & WASTE TECHNOLOGY UNS\‘*V* TXCCENTRE FOR WATER & WASTE TECHNOLOGY LH\{’S&‘;
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ANNEXE 4

Understanding water treatment performance variabili ty

Stuart Khan
Centre for Water & Waste Technology (CWWT)
University of New South Wales
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Sources of variabilit
UNSW y

+ Source water quality

= Diurnal
. - Dail
Understanding water tregtmgnt i b
performance variability - Long-term changes
+ Treatment performance
Stuart Khan — Normal variability
Centre for Water & Waste Technalogy (CWWT) — Gradual change
University of New South Wales + Eg. Membrane aging or fouling

— Hazardous events

TXC GENTRE FOR WATER & WASTE TECHNOLOGY

"fC-:--? MTRE FOR WATER & WASTE TECHNOLOGY LHS\{V

Variation among “arab-samples”

- Diurnal flow variation
BhAC Mean & std. Dav. (ugh) Coafl. of variation % =

75 T i ! -
Salieylie acid 88023 a |
Ibuprofen 23023 10 5 s - . "
Paracetamol 14817 12 Teooe  oeao T 1560 0.0
Metronidazole 043017 40 oo
1.5 0.06 4 =
Naproxen 38031 8 12 150
0.08 % 0.03 50
5
0.130.01 8 M- 7s
Phenytoin 0182004 22
= . "
= oo oG T 00 Tl B0
Morphine Time

» e TP =g
“X_CENTRE FOR WATER & WASTE TECH

IATER & WASTE TECHNOLOGY UNSWW

Diurnal load variations Diurnal load variations

1200

= 1000 —

e —— --V-J\ ac‘; / \

Load

Load (ugfs)

ECO /\*'_'_K\
400
LN < A
=g 200 —— — —
04 —4— —
Tam 11am Ipm Tpm 11pm 3am 7am
B Tam 11am 3pm Tom 11pm Jam Tam
Time
Time
—e— Paracetamol {ug/s) —s—TOC -!mgf:-!ul
Khan (2003} —+— Salicylic acid —=— lbuprofen —a— Gemfibrozil

TXCGENTRE FOR WATER & WASTE TECHNOLOGY [JN&E";’ & —»—MNaproxen  ——Ketoprofen Khan {P003)
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Mean concentrations (ig/L) from 5
consecutive 24-hour composites

Rejection by NF/RO membranes

+ Different membranes designed for different

PhAC Raw influent | Primary effluent | Secondary effluent pU?’pOSES
Salicylic acid 1333 6114 038013
Ibuprofen 2.7+0.35 23034 0.22:0.15 —-Mwco
Paracetamol 104 = 1.8 28+35 039023 — Reliance on electrostatic repulsion
Gemfibrozil 15019 13=0.08 0.25+0.03 4 g
[rr—— e T rETETET] + Retention decreases as pore size decreases
Ketoprofen 0.90 =0.08 1.0=0.18 0.59+0.05 —NF 90 > NF 270 >> TFC-SR2
Morphine 0.26=0.11 0.19:0.02 0.02+0.00 . Retention is dependant on solute
physicochemical characteristics
Khan (2003)
TXCCENTRE FOR WATER & WASTE TECHNOLOGY LINSW “XC GENTRE FOR WATER & WASTE TECHNOLOGY LINSW
Effects of solution pH Effects of ionic strength
=""ro S e 100 ———— T T
£ wl ] []
g o S .. 80 e .
57 g = LI
T e & c BOf ° 4
o £ 2 * o @
a 50 oa E
8o E 2 a0f B
% o es ® Negatively charged sulfa (pH 8.0)
£ 2 @ 20l ® Neutrai sulfa (pH 4.0) _
E w
8 )L L B L B T
@ 0 10 20 30 40 50 60O 7O &0
NaCl (mM)
Nghiem & Khan (2007) Nahiem & Khan (2007)
TXCCENTRE FOR WATER & WASTE TECHNOLOGY LINSW TXC CENTRE FOR WATER & WASTE TECHNOLOGY LNSW

Effects of membrane fouling

—0O— Sulfa/Fouled —B— Carb/Fouled
—O— Sulfa/Clean —@—Carb/Clean
T

100 T T T T T T

]
80

80

S
VAR SR

PH ()

Retention (%)
&

Nghiem & Khan (2007)

TYCCENTRE FOR WATER & WASTE TECHNOLOGY UT\‘S'{\‘

Time series plot for TOC

30i
] .
| fa
TR I @ 0 |
E® e s
b :
i
104
ol |
Oct 94 Duc 34 Feb 96 Ap G5 Jun 95 Aug B85

;F_[‘.'!C in secondary effluent Oct 1994 — Sept 1995 Eisenberg et al (1993}
TXCCENTRE FOR WATER & WASTE TECHNOLOGY UNSW
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Cumulative probability distributions Lognormal probability plot for TOC
500 ‘ : 3
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* ' - (L :
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Lognormal prabability plots for lead
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005 7
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Consequence frequency assessment

* To estimate removal of contaminant through a

treatment system

— Concentrations at each stage of treatment may be
described as a conditional PDF

— PDF of plant effluent may be expressed as a
multiple integral

* {one integral for each unit process)

— However, the multiple integral is often difficult or
impossible to process

— A common alternative is Monte Carlo simulation

UNSW

e X__CENTRE FOR WATER & WASTE TECHNOLOGY

Monte Carlo simulation

+ Fit distributions of removal of constituent
across each treatment unit

+ Sample each distribution repeatedly

« Compute final concentration for each set of
random samples

« May represent plant performance in
probabilistic manner
— Explicitly acknowledges
*» Uncertainty
anability of the underlying data

TRE FOR WATER & WASTE TECHNOLOGY

UNSW

Consequence frequency assessment
through an AWT

Ferecast: Cumulative Removal

Probability
Amanbaig

Eisenberg et al (2001)

UNSW

z ( CENTRE FOR WATER & WASTE TECHNOLOGY
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Probability of treatment failures

Critical components analysis
— ldentify mechanical components with most immediate
impacts on effluent quality should failure occur
» List all components in facility
» Categorise:
— By treatment unit
— Components
- Subcomponent
+ Collect data for all planned and unplanned maintenance events
» Aggregate data
» Compute performance statistic for treatment units and
components: expected frequancy of failures

UNSW

__X_CENTRE FOR WATER & WASTE TECHNOLOGY

Plant performance statistics for
mechanical reliability

Troatment uri Nursber of Missber of ETEF Operating
‘maint. Events! wnplanned evarest iy avai ability!
Headworks 16 13 bail 0:8953
Primary 6 2 4 0 Beas
Sacondary 82 10 a 0.0751
Tartiary a0 7 13 0 ooad
[ 1 1 22 0950
Reversz Osmoss 3% » m 0:990

THuraber of Smes repairs wers made incuding scheduled maintnance sn components within the giuen uni
Hurnbisr cf Smes repairs wers made due to campanent fsiure wihinthe unit
FExpectad time betweeniailire somewhere it unit pracess, hased on chi-square distribution.

¥ raction o1 the stucy peniod thatall companents in the unit were speraung

Eisenberg et. a (2001}

UNSW

_X_CENTRE FOR WATER & WASTE TECHNQI
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ANNEXE 5

Evaluating Community Perceptions Of Recycled Water:
Workshop Presentation

Dr Angus Cook
School of Population Health
The University of Western Australia
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Fremier's Water Foundation Grant
ASSESSING THE PUBLIC HEALTH IMPACTS
OF RECYCLED WATER USE

EVALUATING COMMUNITY
PERCEPTIONS OF RECYCLED
WATER

11-12 MARCH 2008

AGENDA

Tues ant
- OWERWIEW
- WORKSHOP THEME |. FACTORS CONTRIEUTING TO
FPUELIC ACCEPTANCE OF WATER REUSE
Tues gnm
- WORKSHOP THEME Il THE SCOPE OF RECYCLED WATER
PROGRAMS

- WORKSHOP THEME Il IDENTIFYING CONTAMINANTS OF
~. PUBLIC CONCERN; MANAGING UHCERTAIMTY |

Sy L WORKSHOP THERME I, THE ROLE OF WATER UTILITIES,

. GOVERNMENT DEFARTMENTS AHD OTHER AGENCIES
Wed ame.

- WORBSHOP THEME Y. INFORMATION SHARING; MANAGING
UHCERTAINTEY 1I.

- WDRKSE%PTHEMEVI. RESOURCE MEEDS
- SUmMMAR :..’ANEI'-RE‘\-"IEW

\

OVERVIEW

This project is designed to:

e evaluate the. safety of existing and proposed
recytled water use in communities of Western
Australia (WWA) using a public health-based risk
assessment,

-\t;lyfebruaw 2010, hawve finalised a set of

~Targeted End User Protocols (TEPS) for water
sampling and modelling of health risks for
specifit.applications of recycled water
A \
Research team: pan o
ey In achieving the objectives for treated

* Unhvarzity of Wiestern Australia (Profes=or Philip Weirstein, Dr
Angus Cook, Mr Brian Devine, s Kimberley Chisholm, Dr
Clemencia Rodriguez)

# Department of Health (Drs Richard Lugg, Richard Theobald and
Meil McGuinness)

* CSIROCled by Dr Simon Toze within the Urban and Industrial
Wiater Theme)

+ Chemistry Cenfre (including Dr Heil Rothnie and G Peter Taylar)

+ i'ater Corparation of WA (including hade Nener and Leah Drelis,

ae use Pragram, W ater Caorpar ation)

Interstate.

+ “GCéntre far i ater and Wraste Technology, Sydney(Profeszar
Hiehilas Ahbolt; Dr Dawid Roser)
. Depart?rn‘enfcif Heatth, Adelaide (Dr Crawvid Cunliffe, Principal
W ater Quoality Bdvis er)
W

%
\

—

wastewater Use established by 'A State
Wiater Strategy for Westem Australia
{2003y’

=critical to consider the public health
implications of recycled water projects.

-8

Ir-alt-forms of recycled water use, the "big
unkimwn: remains the correct
quantification of health risks.

‘u
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The main Esues pertain to;

- risk of viable pathogers o their tosd re not being completely
rernoved inthe treafrent proces s, thersby casing an excess burden
of irfectious disease

- nskof ‘chemicals of comcerm (such az organic compounds; heawvymetals;

pharmaczitical by products ete)not being rernoved inthe trestrent

process thereby causing toxicological effects (2.9. endocrine disnptors,

which hawe been linked tainkertiityand cancers in animal models)

The rmein problerms =ise inirferring risk, particulsrly for long-term
contact with recycded water.

—ane-af the princip al obje dives of this project & to a=sign somerisk
estima e and predid possible health end- points for a range of
water. 3pplications [eg. for irrigation; horticulture;
conadrption atc).

e Any recycled water scheme is unlikely to
be successful without the community's
acceptance

e Essential to achieve a higher degree of
epidemiclogical and quantitative risk
assessment (QRA) integration to guide
decisions on adequate and safe use of all

-po_gential applications of recycled water

A

A key component of the success of the
project in this State is the evaluation of
recycled water schemes in urban and
rural Western Australia

This seeks toinclude:

{a) inurban and rural communities;

(b} inoccupational sites (2.9, agriculturall mining sites),

{c) in recreational areas, including sports grounds;

{d) in schoolsfchildeare centres;

(e} inthe development of new residential or commercial
subdiisions;

N unintended uses and contacts with the recycledwater
stream

. e ,

Suggestions have included sites in metropalitan
Perth,aswell as regional centres where recytled
wiater issalready in use (such as Northam,
Karratha, Broome, and Kalgoorie).

O

OBJECTIVES OF THE
CURRENT P.W.F. PROJECT

{a) identifying andfiling the gaps in the cumrent and future
application of recyeled water guidelines in Western
Audralia;

(b guiding State management decigions to corvert a

= _greater number of facilities and vegetated areasto
—o-Ifrigation with recycled water,

ch tU develop a risk framework for adequate interpretation
of ca’m\munity concerns related touse of recycled water,

{dy providiag WA communities with a public health-based
safety analysis to address community concems
regarding Safety of recycled water use,

This project does NOT currently

include:

Inthis project, we will oot esplicitly includethese
issues for logisticd ressons

Ermironmental izsuestfefects pers e g. impacts on
aquatic species
Effects on agricutturd cropdasture growth per s
e%. efiectsof recyded water usad for imgation on
=ainity, phosphorous, nitrogen

- Stormuater

—~—Ranwater

- Grefater

“~ilfater fom desalination

Wi rEny howex@'" inthefutre sesktoapply our
mathodstathesa cther water usesin
separae ‘adqion' projects

A




KEY OBJECTIVE OF WORKSHOP

The key objective of this waorkshop is to
contribute to collectively defining
community perceptions of recycled
water,

in order to assist the eventual successful
transference of the scientific
innovations of this study accounting
for community understandings and
expectations from recycled water
schemes.

Summary of survey results by
June Marks, Flinders University
Maticnal telephone surey conductzd in the summer of
20042005 of houssholdsin sewen capital cies (n=2504,

approx 357 each ity that had expersnced water
restrictions inthe previous summer

Indirect Potable Reuse

hdrect Potable Reuss: Reazons for besitation or concem

Theskh
b Towcdooe  Garce  Woeequly Cost  Oeher

Foiond irmiEd] e e e 1T 16 i i

Frch i 2l e i L] 1t o e

Examples of specified concerns in the Perth
sample include:

Hesth Risk — onby tuo elaborated:
w-Howl Itk 9ol g D aectmey kidiey - TwlllEe o BbkE 3l the tme
= SHh 3lkQEs - E3CH0NE D Chemicak

Trust Factors — 30 described the izsues, including:

Standards

= ChemEbalbad

= Chem Ealks vsed v the teaime it

= Hedtth avE e

w Qalty or tie tegim et

= The putiy ofthe wak rorstab td mk g

w VAT K eoW Mok Ind mation - how By oot 1t tiat #age
Compliance

= A 0N 36 By et RPrope iy £0 ol dor'tget sick

w The eame vica mhed o vte Mok ity

= FalNE ofthe mach ey 3ed b iman hcompet oy

- goa.néeenn the syrem I Wt 3k medbaland w3 3 pomay

= kT qrahy, bage, micobes, other pobkm s

= UUOEWANT DDE ST Thatthe nemal,rteatnel}cgmtms opeEtig
prope iy andtiatit waz operathg o ERAguidklles

Accantability

w, CINTTEITQous Tim e vt - dowtir st tem

woldon'thaue e nongh Kvowkdge tozee whetier bl goodenongh -1
WO UK b Mo proct

w NatamiiE rw i the Cobcapts

w Unll Iknowsmore [won He'tbe comtorzbk wwhg it

Source —most were precoded, repres entative comments are:
» Gems
= Backrb
w Chemkak, smell
w [tdoesy'tappealiome the recychd wate r
= MOtthe same - Lk whabyon calldiny wakr — workdetdo it

» Pyl obgkal- e wotagood mage drink g efve rttreated of iot
e Fed - doer V't Wt ONr m3ge 2 A ET3IENE a8 culkzed paopk

—all but dwere precoded
= Clemiak
. Taste
= Tagte avd heatth
w, Tarte 30d bygkie

Domestic water recycling for non potable
uses

s Respondents considered water sourced from
sewage effluent treated to a standard that would
be suitable for garden watering (imigation
systerns and hand watering), carwashing, toilet
flushing, washing machine and hand washing of
clothies. “There was some reluctance in recycling
water for Use in the launcry
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= Health risk

# There's a possibility of wiping mouth or splashing on skin or

inadvertenthy drinking it

* Heatth effecs in the future - wou don't knom what it's

guoing to do

# [Tomace ] Mot acceszible for children
* Just the difference between water for irrigation and weater that

comes out of the tap -

children may be abla to

# Reasons for hesitation or concem for one or
more of these uses can be compared to the

e - drirking - in terms of the cle anliness of the water
"'-._‘?\Dscoloura’(lon and health risks
# s ure of chemicak in the water
* Nobsate'tor foadstuft
* Infection
Y

Y

8 access the recycled water especially if #waz notsutable for

national data:
Mon potable dormestic water recycling: Reasors for hesitation
OF CONGErn
Tnwc i W
” dé  Worguly P Cort ke
b daru i red i ) F- Foa A o ) r i
Pty il LT d4 ard i r 3 A
iy

» Peftt'Sresponse almost mirrors the national
population, There is slightly less concernfar
health rgksand around 5% more concern for
the watergouce than the national data.

!

"It should not be overlooked, however, that

there is strong public support for a range

of alternative sources and uses of water. .

—_YWell targeted and well timed information
- arfthransparency may well be all thatis
régirad to implement most of these
initiatites:

\

|

4/l

WORKSHOP THEME |.

FACTORS CONTRIBUTING TO
PUBLIC ACCEPTANCE OF
WATER REUSE

Table 1

Facror

witiieg 1o the degiee of public acceptance

of water rense

U5 publie acceprance of water vense seems to be
Tiglvet When [2-5]:
s Diepres of hussan coatact is il
[~ Tictection of public health == clear
= Protectsan of the ervaronment s o clear benehit of the

son of water conservation is n clear benefit of

- CARET 15 ikmirTal
. Jm-meueu af water supply problems m the

Hartlery, 2006

QUESTIONS FOR THE PANEL

Q. What are the primary community and
individual factors that impact on
acceptance of water reuse?




QUESTIONS FOR THE PANEL

WORKSHOP THEME II.

THE SCOPE OF RECYCLED
WATER PROGRAMS

Q. Is there a difference with regard to safety
issues arising inwater recycling
schemes at different scales and in
different contexts e.g. large water

utilities versus small schemes; industrial
versus residential?

QUESTIONS FOR THE PANEL

Q. What do you see as the actual or
perceived risks to intended users in
each of the following categories?

Q. Could unintended usefaccidental
contact arise in the following categories,
and what would be the actual or
perceived risks to individuals as a
consequence?

INDIVIDUAL-LEVEL,
DOMESTIC USE

INDIVIDUAL-LEVEL, DOMESTIC
USE (1)
I. Forindoor potalie domestic nsein nrban and nirsd
cormnunifes

N For indoor norepotabie corrgstic wse In Lrban and riral
cownirnitics

i Far dutciocy hon-potabie domestic use In Lrban anct iuiral
cormfrnitios

INDUSTRIAL / COMMERCIAL
USE
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INDUSTRIAL/COMMERCIAL USE {1)

Subrcatedqory 1: Potential impindgenent on human food supplies
V. For conmnercal piim oses potentially impacing on
food suppiy (e.q. sites or activities refating to

agcuiaire, horfultire, croppintg, eto) MUNICIPAL USE

Sub-cateqary 11: (For pracesses nat included in subesteqony I
Potential warker exposure possible
_MOForopen system comnercial pumosas feg. with extemal
T anplication of water refating to sificuture, culisstion of
. mineral exdraction, etc) -

Subrcateddry |k Far processes not included in subcatedary |

or ) Mo petential veorker exposure
wi, For closed system cormmercial purnnoses (e.g. Lse of
water within intarnal hclistrial processes, etc)
L

MUNICIPAL USE (1)

Subrcategory |© Uncontrolled access

vil. Usein uncontrofied numicipal or other public
areas, including parks, gardens and Sporis qrounds,

Schogks g care camres WORKSHOP THEME L.
Subrcategaory 1D Controlledirestricted access |D ENT' FY'NG
will. Use in contronad rmunicialor obher pubic areas < CONTAM |NAN TS 0 F PU BL'C
; ‘Gub;c%auuw [Il: Mixed access CONCERN; MANAGING

B-Cther-in which Lse may be cortiolied or uncontrolied
cepencing on the cortext e.g. fire fahting UNCERTAINTY |

\.

A B W

A. Microbial hazards

Tabis Al BdkTeargammmn of SERCED B 1T MG
Fadeea | Bzsapie Fhare
e

Bocterm

QUESTIONS FOR THE PANEL

Q). Which of the following are or are likely
to be of major concern to the public?




Inizlu die:

I

B. Chemical hazards

Chemical toxicants that may
potentially found in effluent

Framacedticals and their
elbolites

- Persoral care products [FPCFs):
ghberzoprenone ik hetone,
gabxelde and tidosan

- Disrfectionby-prodacts; e g,
mhalon-eﬁaneg.ﬂgﬁs. HPNE

furanores

Mitrates and ritrogerbased by-
productsieqg.

nitrosodimet fidamine — WOk
Hezrgrnetals apd metalloids:
2.8, Gd, Or, Cu, Hy,

and Fa-

Ni, Pb, 2n

Pesticides, and-other agicutursl

chemnicalse g.

dtrazine,

orgmo hosphahes (ncludng
d] arganochbnne:
Encludng izldfin, hepﬂdﬂlorand

and

;ngem s (2 45T

’ agricdtural compol

Detergerts, disirfectants and ather

clearing agerts

Hydrocarbon s, induding Total
etroleurn hydrocabons (TP HY
;&ﬁi’dlc ammatic hydrocarborns

Foc\d cornponent s ard

" addtivesiCaffeine

Cther domestic, indostrial and
urds | Organic
|ndudlng I'fﬂﬂalahes.l’phenols l=g.
zphenol nomi hem and

hlonnated bphens
il organic compaunds
Cs |ndud|ng benzenes toluenes

non hen )
E\,U Eumnahed dip hen eﬂ&;
PCH

Cther cbmeshc indestrial and

’ agricutural compou'ds II:
Forgaric

Radicruclides
Cherni cal mixhures

From an analytical perspective, the
contaminant classifications may be
summarised in Tabie 1.

Ewe LT RL AL 1AL ETLE
Y [LATT= e
Ot ik
1At doa ind haukh
phiiiiatesirmid xcmcorrant 3 poic atiel Campyiotm
“Tualzbim o ckden
ok md gt i vm ekl 2k
PR GHGLGE O 1dirant deua und huskh .
e Y WETntET oty dinn [P ———-y . T T
FATHIGENT ANORIR Eut u b oon g wimlon on apm oA vauma
THER B PR iy ekl corpmalre ognm
ranhm
1At oo and haskh
durrad o rimanc
wnd wes e iy il Fuena
i ekl
1adirant doaa und huskh " y
o Tt | e rxiets iyl [=p ety
crermcaL 1At dea und huukh e
CLMLR LA S wndEantEe ol dened '“"I:'“:" "’: Crdoorm
ML Eut bl conpund s - ‘:- v xdmpaln u dmupioa
[T =T e al la LTI £l 0 o 3
1At oo and haskh o
durrad o rimanc v
wnd wanc oot Il s
i ekl i

WORKSHOP THEME V.

THE ROLE OF WATER
UTILITIES, GOVERNMENT
DEPARTMENTS AND OTHER
AGENCIES

QUESTIONS FOR THE PANEL

D O O O O

. What ¢do you see as the Key steps in ensurin

the safe provision of recycled water to Users?

. Whe do you see as responsible for these

decisions?

What information is needed to support these
decisions?

How do/should we evaluate the effectiveness
of the decisions that have been made?

. How do/should we manage hazardous events

which are rare and/or there are no datafor?

WORKSHOP THEME V.
INFORMATION SHARING;
MANAGING UNCERTAINTY II
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QUESTIONS FOR THE PANEL

Q. How can the end-users be best informed
of safety issues in differing schemes?

WORKSHOP THEME .

Q. How do we best mange uncertainty
about recycling schemes?

RESOURCE NEEDS

Staff and facilities QUESTIONS FOR THE PANEL

There is some uncertainty around the Q. Arewater utilities, government
expertise, time, and money available departments and other agencies
within government agencies and properly set upiresourced (expertise,
affiliated organisations time, money) for assessing and

___for assessing and communicating risks _| communicating risks of recycled water
ofrrecycled water use - Uuse?

Gl What (if any) other resources are
needed?
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ANNEXE 6

Submission for WA Premier's Water Foundation Workshop
“Evaluating Community Perceptions Of Recycled Water

Dr June Marks
Interwater Pty Ltd




116/130 © PWF/UWA Interim Report 1 Premier's Water Foundation Grant # 017 05

WA Premier's Water Foundation

Submission for discussicat the 3¢ Workshop to be held in Perth, 11-12 March 2008
Information from research on people’s perceptions that may be consided for factoring
into risk assessment/risk communication of alternative water supplge

Background

These findings are drawn from a national telephone survey conducted in the
summer of 2004-2005 of households in seven capital cities (n=2504, approx 357 each
city) that had experienced water restrictions in the previous summer. See the
attached summary of the questions and responses to a range of alternative sources of
water.

After considering willingness to use a different source of water for a particular
application, those respondents who stated they were willing without hesitation, or
were not willing, were asked the main reason for this.

Most comments were brief and aligned with pre-coded responses such as “water
quality”, “the water source”, “cost”, “don’t trust the technology”, “don’t trust the
managers”, “have to be convinced it’s safe”, “health risk”. Others were recorded
verbatim for post-coding. All comments were finally coded into five distinct
categories.

Health risk, Water source, and Water quality were applied when the clarity and
brevity of the response simply stated these terms, e.g. because of the cost; or, the
health risk. The category Trust Factors was applied when uncertainty was
expressed, or guarantees required for safety, or assurances of water quality, or that
no harmful chemicals would be used. The miscellaneous Other category embraces
concerns for the environment, that there are alternatives, there are concerns outside
the proposed use, or that the initiative is not necessary.

Reasons for hesitation or concern

The following Table 1 summarises all the reasons given by respondents (national
data) who expressed some hesitation or concern. These provide a comparator to the
Perth responses for some of these applications. Each of the options are explained in
more detail below together with comments drawn from the Perth sample, which are
typical of those for other cities.

Table 1 Coded reasons for hesitation or concern (7 capital cities, 2005;
percent)

Non potable recycling Potable uses

Domestic Greywater REUOfit stormwater Ra@NeCyCl  pR pesalination® OPtions

n= 1861 155 136 55 84 2012 1172 1719
Cost 2.4 292 457 16.8 286 1.0 14.2 41
Health risk 25.3 191 235 59.4 19.3 334 11.6 38.3
Water 14.4 37 31 6.8 80 230 9.0 235
source
Trust factors 28.4 191 141 51 10.6 244 23.1 135

Water quality 24.7 4.6 11.4 9.8 30.6 14.7 17.7 16.8
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Other 4.8 4.2 2.2 2.2 3.0 35 24.4 3.9
Total 100 100 100 100 100 100 100.0 100

Domestic water recycling for non potable uses
Respondents considered water sourced from sewage effluent treated to a standard
that would be suitable for garden watering (irrigation systems and hand watering),
car washing, toilet flushing, washing machine and hand washing of clothes. There
was some reluctance in recycling water for use in the laundry (see attachment, Table
A2).
Reasons for hesitation or concern for one or more of these uses can be compared to
the national data:

Table 2 Non potable domestic water recycling: Reasons for hesitation or camn

Trust  Health Water Water
factors risk quality source Cost Other
National (n=1861) 28.4 25.3 24.7 14.4 2.4 4.8 100%
Perth (n=266) 27.8 21.1 24.1 19.2 3.8 4.1 100%

Perth’s response almost mirrors the national population. There is slightly less
concern for health risks and around 5% more concern for the water source than the
national data.
In the Perth sample, only 11 comments referred to Cost. Other responses are
summarised below.
Trust factors

Has to be done correctly

Want to know more about the reclaimed water before using it

Possibility for mistake or manmade error - could be fatal

Need to know the processes that make it clean

Would depend upon the level they reprocess it to. In Australia they don’t often

process itto tertiary level - would want it to be to that level

As long as the technology was up to par

Staining and discolouration - question the filtering process

Depends on what they did to treat it

The chemicals in the water can eat through the paint of the car - the quesit®n is

treatment of the water and if the water is treated properly, i.e makésne

isno smell, no bacteria, etc.

| would like to be sure that they are using the correct technology

Need to know more about it

Odours and germs. | would want more qualification and information

Splatter everywhere and it will get all over the place - requiresuneasse

As far as | know it has been done in other parts in the world- just make sure it is safe

Test it regularly

Safe - no bacteria

It has to meet the safety standards - what safety level?

Have to be convinced its safe (40)*

How the water is to be recycled

Do not trust the managers (one only)*

Do not trust the technology (8)*

* comment aligned with a pre-coded response
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Water Quality Four comments refer specifically to the laundry application, and the
tifth listed below is also concerned about effects on washing the car, as is the last
comment:

Staining or damaging clothes or even the washing machine over time

May spoil the machine after buying it

Staining of clothes

Stains — I've seen it before

Some of the detergents in the water that may damage the car - don't wantge dama
the machine because of the method of treating recycled water - becthese of
contents of recycled water

Effect it might have on the car

Water quality (no elaboration, 61)

Another wants to know how the quality of the water compares with “non-grey

water” — meaning non recycled water (often referred to by the general public and the
media as “grey water”). And fourteen refer to chemicals or the chemical load of the

water.

Health risk

There's a possibility of wiping mouth or splashing on skin or inadvertently drinking it

Health effects in the future - you don’t know what it's going to do

[To make it] Not accessible for children

Just the difference between water for irrigation and water that comestbattap -
children may be able to access the recycled water especially & iata

suitable for  drinking - in terms of the cleanliness of the water

Discolouration and health risks

Unsure of chemicals in the water

Not safe for foodstuff

Infection

Health risk (47)

Source- 27 matched precoded “source”, other comments include:

Other

Smell, stains and hygiene

Smell (3)

Cleanliness of the water

Cleanliness of the water — if the water is clean enough

Sewage source (7)

Hygiene (2)

Bacteria (2)

Germs (3)

Depends where it comes from

It is used water — don’t think it is right

Does not feel right (4)

Unclean (13)

My concern is that it is not pure enough - not as pure as if we get rainwater and the
dam is full and then filtered through. It is just not the same love.
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For personal use must be treated properly - for irrigation | don’t care
Outdoor uses only

Another eight specified drinking was to be avoided, e.g.:
To preserve freshwater for drinking and use recycled for others
Fine except would not like to drink it - the thought of where it has come from

Five alternative options

In the initial phase of the survey, people were given the open ended question on
why they hesitated or were concerned after considering each option. However, due
to time constraints, this had to be withdrawn with one question only being asked at
the end of the series — greywater, recycled (reclaimed) water for garden only,
rainwater and recycled water, stormwater for garden and toilet, and stormwater for
drinking (five options).

The following can be reported from the initial national sub-set — where 572
respondents across the 7 cities were given the opportunity to comment after each
option.

Greywater (Option 1)

This refers to onsite greywater systems (water from shower, bathroom and laundry).
The national results show that Cost is the main concern (half of the 155 who
commented), followed by Health Risk and Trust Factors. Only 19 of these
respondents were from the Perth sample so the national findings (Table 1, n=155) are
a better representation of the spread of public opinion.

Comments in the Perth sample concentrated on Cost (9 of 19).

Three cited Health Risk, one elaborating:
Wary of what could happen
Source(2)
The smell
The smell of the water
Trust (2)
| have doubts about how safe and healthy the water is
More information — ill informed
Water Quality (3)
My wife's concern is whether it was clean enough
Quality of the water
Quiality of the water - germs

Recycled water for the gardenOption 2)

Respondents were asked how willing they would be to recycle water if it was
delivered to their homes for outdoor uses only such as garden watering. As shown
in Table 1 (n=136), Cost was the most concern, followed by Health Risk.

Of the 18 from Perth, the predominant concerns were also for Cost (half), Health
Risk (5). Others commented:
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Source
Germs and odours
Quiality of water - could have anything in it
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Trust
Don't know what they used to purify it
If the pipes were above ground to fix - if the council would take all responsibility over
the cost of maintenance and repairs.

Rainwater and recycled water(Option 3)

A scenario was put to respondents whereby if they were in the market for a new
home and rainwater was supplied for most indoor uses and recycled water for toilet
flushing and garden watering, would they be willing to buy into the development.
In the national sample (Table 1. n=84), Water Quality, Cost and Health Risk were of
most concern.

Only eight in the Perth sub-sample commented: Health Risk (4), Cost (1), Trust
Factors (3) — two saying;:

Depends on what they used to purify the water

Reliability would be a concern

Stormwater for toilet flushing and garden watering(Option 4)

Only 55 in the initial sample commented in the national data with Health Risk being
the main concern. There were five comments from Perth: Health risk (2), Source (2)
“germs”; and one for Trust Factors:

Make sure the water is reliable — that the water resource does not intgttienature

All five options: Stormwater for all domestic uses, including drinkng, and the
other four options above

This section reports reasons given for hesitating or being concerned for any of the
tive options, the fifth being the use of stormwater for all household purposes
including drinking. Table 3 summarises the national and Perth coded results.

Table 3 Five options: Reasons for hesitation or concern

Health Water Water Trust
Risk source quality factors Cost Other
National (n=1719) 38.3 25.5 16.8 13.5 4.1 3.9 100%
Perth (n=241) 31.1 22.8 19.5 17.4 5.8 3.3 100%

The summary shows that the same order is held in the Perth sample as for the
national data, with slightly less concern about Health Risk and more opportunities
suggested for building trust (Trust Factors). Most comments aligned with
precoding.

Health Risk — only two elaborated:
Skin allergies, reactions to chemicals
Healthwise, wouldn’t know if you could use it safely
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Water Source— mostmatched precoding,3 described this further, such as:
It is just dirty water — | wouldn’t have it
Sounds yukky to drink
Storm water | have little concern. I'm concerned about reclaimed watardeeof its
nature - where it comes from and how it's been treated
Storm water has pollution and chemicals that couldn't be treated properly

Trust Factors — all articulated their concern, for example:
As long as it was processed properly to make sure that it was safe
To be sure it is being monitored regularly by an independent body
The treatment process it goes through to end up with its rating at the end
Treatment plants worry me in that they will be poorly managed

Concerned about end quality and cleanliness of the treated recycled water and the
chemicals to do that

Faith in the authority concerned
Have to see the practicalities of each treatment and use

It has to be treated properly because the individual source has its qualities and
problems, depending on the system volumes

The amount of trace elements and chemicals contained in the treated water

Water quality — 11 gave descriptive comments, for example:
The taste and smell

Quality of the reclaimed water
Pollutant free
Chemicals

Other — 8 comments, such as:
For everything but drinking and cooking otherwise OK
In Perth, the drinking water tastes the best, we don't have to give it up
Not for drinking
Not sure about personal consumption
Only for outdoor uses but not for indoors

Desalinated Seawater

It was explained that desalination removes the salt and has been an expensive option
that uses a lot of energy, but is becoming more economical. The results for Perth
compared to the national findings are set out in Table 4.

Table 4 Desalination: Reasons for hesitation or concern

Enviro, Trust Water Health
other factors quality Cost risk  Source
National (n=1172) 24.4 23.1 17.7 14.2 11.6 9.0 100%
Perth (n=144) 29.9 20.1 13.2 13.2 15.3 8.3 100%

For the first time, the environmental impact is voiced by national and Perth
respondents. Trust factors are also important and source is of the least concern.
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Environment and Other — most were pre-coded, 11 described this further, for example:
Don't agree with desalination process - extra salt goes back into sea -ikddht |
idea
Dragging of water out of the sea — doesn’t seem right - what about the quali¢y of li
of sea creatures
Firstly, 1 don't know where they are dumping the excess water and, secondky, wher
they are dumping the excess salt
It produces too many gases and is not good for environment- left over salt and energy

required

No concern with the end product but am concerned with the energy use in the end
product and the salt level in the sea
Use it anywhere else but the tap — a lot of companies discharge their waste int
sea

Trust Factors — all but one described these concerns, such as:
If it is clean enough to drink and if it is able to be used on the gardens without ill
effects Main concern is that if it goes wrong it won’t be clean enough to use it
Drinking side of it is a concern
Safety -will be happy to use anything that is recycled as long as sonsoskaw
me that it is safe and give me that information
As long as it is perfectly safe and adequately tested and proved to be safe
Don’t know how they can removed the salt from the water
Would have to try first and see if | like it

Water Quality
The smell and taste

Taste and cleanliness
Fresh and free from chemicals

Health Risk — four described this:
Health effects — concern about purity
Health and safety reasons
Health risks and chemicals
That it would be harmful to drink. | would be happy to use it for anything except
drinking and cooking

Source— all gave reasons other than ‘source’
Don't like the idea of drinking sea water
I've heard everything flows into the ocean
Source and how it is going to be delivered
Germs
Hygiene
Purity of the water
Bacteria and smell
That it would be harmful to drink. | would be happy to use it for anything except
drinking and cooking
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Indirect Potable Reuse

Respondents were then told that recycled water could also be treated to drinking
water quality ... “it can then be mixed with traditional sources, such as water
collected in reservoirs, and then treated and piped in the usual way to the whole city
or town” . They were asked first about their willingness to use water mixed with
recycled water, treated to drinking water quality, for all their household needs. This
question was followed up with how confident they would be to use the water for
showering, cooking and drinking. The results are given in the Attachment, in Tables
A9 and A10. Set out below are the reasons for hesitation or concern of the Perth
respondents, compared to the national results (Table 5).

Table 5 Indirect Potable Reuse: Reasons for hesitation or concern

Health Trust Water
risk factors Source quality Cost Other
National (n=2012) 334 24.4 23.0 14.7 1.0 3.5 100%
Perth (n=274) 30.3 27.4 23.4 14.2 15 3.3 100%

The ranking of reasons emerges is similar for both samples, the most important
being Health Risk, followed by Trust and Source. It will be appreciated that reasons
given under Trust Factors for any of the alternative sources and uses can be further
coded into Standards, Compliance or Accountability, as illustrated in the listing
below. Standards covers comments that query the final water quality, testing, the
need to be convinced, proof that it works. Compliance relates to those asking
whether the process will continually meet the standards set, methods of treatment,
possibility of human error, contamination, and the need for monitoring and
maintenance. Accountability groups those simply stating they need more
information, those that want guarantees of safety, the need to see how the water is
processed, and those who express distrust in government or private providers.

Examples of specified concerns in the Perth sample include:

Health Risk — only two elaborated:
How it is going to affect my kidney - | will be on tablets all the time
Skin allergies - reactions to chemicals

Trust Factors — 30 described the issues, including:
Standards
Chemical load
Chemicals used in the treatment
Health standards
Quality of the treatment
The purity of the water for straight drinking
Want to know more information - how they got it to that stage
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Compliance

As long as they treat it properly so you don’t get sick

The treatment carried out efficiently

Failure of the machinery and human incompetency

Failure in the system - if not safe medical and health are primary concern
Water quality, bugs, microbes, other problems

Would want to be sure that the tertiary treatment plant was operating pramthesa
it was operating to EPA guidelines

Accountability

Can't trust government — don'’t trust them

| don’t have enough knowledge to see whether it is good enough - | would need more
proof

Not familiar with the concepts

Until I know more | wouldn't be comfortable using it

Source— most were precoded, representative comments are:
Germs
Bacteria
Chemicals, smell
It doesn’t appeal to me the recycled water
Not the same - it is what you call dirty water — wouldn’t do it
Psychological - its not a good image drinking effluent treated or notdreateesn’t
fitin  with our image as Australians as civilized people

Water Quality — all but 4 were precoded
Chemicals
Taste
Taste and health
Taste and hygiene

Conclusion

This report on the explanations given by respondents for hesitation or concern
about various sources of water and their use confirms that health risk is generally
one of the main issues for the public. However, few define this response in detail.
More information can be gleaned from the Water Quality and Source categories.
Additionally, the comments grouped under Trust Factors include specific types of
knowledge and information that are needed to allay concerns. These speak to the
areas that are addressed in the National Guidelines, which are summarised here as
Standards, Compliance and Accountability. One way of using this qualitative data
may therefore involve aligning the various concerns (under all categories) against
the appropriate ‘solutions” detailed in the Guidelines. This may in turn throw some
light on how some of these concerns may be addressed.
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It should not be overlooked, however, that there is strong public support for a range
of alternative sources and uses of water, as tabled in the Attachment. Well targeted
and well timed information and transparency may well be all that is required to
implement most of these initiatives.
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Attachment

National and City responses (2005) to a range of uses for alternative sources of

water

Table A1 Percentages in favour of public uses of recycled water

National Adelaide Brisbane Canberra Hobart Melbourne Perth Sydney

Flushing toilets 95.4 94.9 93.3 96.6 89.6 954 955 96.9
Commercial laundry 78.9 81.4 74.9 824 74.0 80.5 753 79.7
Golf, parks, gardens 96.9 97.8 98.6 97.2 947 96.4 958 96.9
School yards, play fields 88.1 90.7 89.4 90.7 86.4 88.6 86.0 86.9
Dairy, beef, sheep pasture 77.6 82.3 83.2 84.1 805 74.8 79.2 750
Vegetable, fruit crops 70.5 76.1 721 73.1 744 69.3 73.3 68.0
Vineyards 76.7 83.2 79.5 80.5 79.4 725 78.6 76.2

Table A2 Domestic uses (percent)

National Adelaide Brisbane Canberra Hobart Melbourne

Perth Sydney

Toilet flushing

Without hesitation 78.4 76.7 74.1 87.0 73.8 77.9 78.1 80.8
Some qualifications 19.0 21.1 23.4 10.8 228 19.3 19.0 16.9
Garden irrigation
Without hesitation 81.5 81.7 84.2 86.2 80.3 796 814 81.7
Some qualifications 15.3 14.9 13.6 11.8 16.3 176 121 15.2
Hand watering
Without hesitation 80.5 80.2 85.5 86.2 79.8 7.7 78.8 81.0
Some qualifications 15.1 14.8 11.6 119 16.3 18.0 12.0 15.4
Car washing
Without hesitation 78.2 76.2 76.2 81.4 71.2 73.7 68.6 7.7
Some qualifications 14.3 13.3 13.9 12.0 149 152 1238 12.9
Washing machine
Without hesitation 39.0 37.9 35.2 45.0 39.1 38.1 37.9 41.4
Some qualifications 34.8 36.5 33.8 358 28.0 395 329 31.8
Hand washing clothes
Without hesitation 35.1 325 31.0 394 33.1 34.1 38.2 37.2
Some qualifications 33.0 37.0 35.2 371 286 369 27.8 29.3
Table A3 Willingness to use greywater for non potable uses
(percent)
Adelaide Brisbane Canberra HobartMelbourne  Perth  Sydney
n= 358 354 354 355 351 357 357
Without hesitation 67.6 58.5 70.1 60.3 53.0 65.0 63.0
Some qualifications 29.6 37.0 26.8 35.8 37.3 28.3 35.0
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Not willing 2.8 45 3.1 3.9 9.7 6.7 2.0
Total percentage 100 100 100 100 100 100 100
The National result for Table 3 is: Without hesitation 60.3, With
some qualifications 34.5%.
Table A4 Willingness to use recycled water for garden
irrigation, retrofitted to
existing residential properties from a regional treatment plant
(percent)
Adelaide Brisbane Canberra Hobart  Melbourne Perth  Sydney
n= 357 354 354 354 349 350 353
Without hesitation 69.2 66.7 75.1 69.5 55.0 74.3 65.4
Some qualifications 26.9 29.7 22.0 26.8 37.2 20.0 30.9
Not willing 3.9 3.7 2.8 3.7 7.7 5.7 3.7
Total percentage 100 100 100 100 100 100 100
The National percentages for Table 4: Without hesitation 64.3,
Some qualifications 30.7%.
Table A5 Willingness to buy into a housing development
featuring recycled water for toilet flushing, garden watering and
rainwater for all other applications (percent)
Adelaide Brisbane Canberra Hobart  Melbourne Perth Sydney
n= 355 350 356 355 349 356 352
Without hesitation 76.6 80.0 78.9 75.8 75.1 80.6 75.9
Some qualifications 20.6 16.3 18.8 21.1 22.9 14.9 20.5
Not willing 2.8 3.7 2.2 3.1 2.0 4.5 3.7
Total percentage 100 100 100 100 100 100 100
National percentages - Without hesitation 76.8, Some qualifications
20.0%
Table A6 Willingness to use treated stormwater for toilet
flushing and garden watering (percent)
Adelaide Brisbane Canberra Hobart  Melbourne Perth  Sydney
n= 358 356 357 358 351 356 358
Without hesitation 88.8 83.1 88.0 82.7 80.3 85.4 86.0
Some qualifications 8.7 135 10.1 12.0 145 10.1 12.3
Not willing 2.5 3.4 2.0 5.3 5.1 45 1.7
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Total percentage 100 100 100 100 100 100 100
National results — Without hesitation 84.2, Some qualifications
12.5%.
Table A7 Willingness to use drinking water quality stormwater

for all household uses (percent)

Adelaide Brisbane Canberra Hobart  Melbourne Perth  Sydney

n= 355 358 352 352 350 358 352

Without hesitation 24.8 25.1 30.1 17.3 26.0 26.0 26.4
Some qualifications 52.4 48.9 53.1 49.7 454 54.2 48.0
Not willing 22.8 26.0 16.8 33.0 28.6 19.8 25.6
Total percentage 100 100 100 100 100 100 100

National result — Without hesitation 25.8, Some qualifications
48.6%
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Table A8 Willingness to use water from desalinated seawater
(percent)

Adelaide Brisbane Canberra Hobart  Melbourne Perth  Sydney

n= 355 355 350 352 353 355 353
Without hesitation 57.2 60.0 54.6 43.2 43.3 58.9 52.1
Some qualifications 36.3 33.0 36.3 48.9 45.9 34.1 40.8
Not willing 6.5 7.0 9.1 8.0 10.8 7.0 7.1
Total percentage 100 100 100 100 100 100 100

National result — Without hesitation 51.8, Some qualifications 40.0%.

Table A9 Willingness to use water from an IPR system (percent)

Adelaide Brisbane Canberra Hobart  Melbourne Perth  Sydney

n= 356 354 353 354 348 357 353
Without hesitation 25.3 23.2 25.5 21.2 19.8 25.2 22.7
Some qualifications 52.8 50.3 51.8 53.4 52.3 50.7 50.1
Not willing 21.9 26.6 22.7 254 27.9 24.1 27.2
Total percentage 100 100 100 100 100 100 100

National result for Table 10 — Without hesitation 22.5, With some qualifications
51.2%.

Table A10 Confidence to use water from an IPR system
(great plus moderate confidence)

Adelaide Brisbane Canberra Hobart  Melbourne Perth  Sydney

n= 357 356 355 356 351 356 358

Showering 78.4 76.1 85.1 75.8 74.6 76.4 76.0
Cooking 55.3 55.3 66.4 53.0 51.1 58.3 53.9
Drinking 43.8 42.3 55.6 41.9 37.3 48.2 41.7

National results for Table 11 — Showering 76.1; Cooking 54.3, and for drinking
41.8%.



