Proposed changes to microbial risks research protocol

The proposed changes were sent to Members of RWQAC on 11 December 2020 following
discussions at the Microbial Risks Subgroup meeting on 4 December 2020.
Members replied with their support by 18 December 2020.

The proposed changes are outlined below with some additional detail from NHMRC (in red). These
comments from NHMRC aim to address literature gaps and maintain consistency with the other

contracted reviews.

Current research protocol

Proposed changes

NHMRC Notes

Method:

Review relevant primary
studies to answer the primary
research question.

Literature search period:
Include all relevant primary
studies (Australian and
international) from 2003
onwards that meet inclusion
criteria.

Modify the method to allow
for reviews to be used instead
of primary studies over certain
time periods. Amend literature
search periods accordingly to
reflect the time coverage of
the reviews. This will reduce
the number of primary studies
to be assessed.

International data:

Use three reviews (Rand Corp.
2014, US EPA 2017 and WHO
2017 reviews) to cover the
period up to 1 Jan 2017.

Use primary studies from the
literature search from 1 Jan
2017 to 30 Nov 2020.

Australian data:

Include all primary
studies/reports found from 1
Jan 2003 to 30 Nov 2020

The selected reviews will be
appraised using the
appropriate screening criteria
outlined in the research
protocol (Appendix 11). This
includes assessing relevance
for the Australian context and
scope of our guidelines and
the quality of the review
process itself.

The reviews will be cross-
checked against the results of
the literature search to ensure
that they cover the period
2003-2017. Any relevant
primary studies/reports from
this period not listed in the
reviews will be screened for
eligibility.

The findings from the reviews
will be presented in a
Summary of Findings table in
the Evidence Evaluation
Report, alongside the findings
from the review of primary
studies.
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Executive Summary

The Office of the National Health and Medical Research Council (ONHMRC) has
commissioned Ecos Environmental Consulting P/L to develop research protocols and
conduct narrative reviews on two of four research topics that will be used to update
the Guidelines for Managing Risks from Recreational Water (NHMRC, 2008).

The two research topics to be addressed by Ecos are Microbial Risks and Chemical
Hazards (the other two topics Cyanobacteria and algae, and Free-living Organisms
will be addressed elsewhere).

This document addresses Microbial Risks and describes the definitions, research
questions to be addressed, and the preliminary guidance provided by the NHMRC
Recreational Water Quality Advisory Committee (RWQAC).

The document presents key details on the populations that will need to be reviewed to
answer the research questions, including any susceptible populations or groups and
justification for including them which are described in a Population, Exposure,
Comparator, Outcome (PECO) table. The PECO table also lists all relevant exposure
pathways, comparator populations and health outcomes to be considered.

Other major areas covered are:
e The process for extracting and presenting data

e A critical appraisal of evidence based on CASP (Critical Appraisal Skills
Program)

e Arrisk of bias (quality) assessment also based on the CASP and augmented
for certain study types by the OHAT Risk-of-Bias Tool produced by the US
Office of Health Assessment and Translation. The Risk-of-Bias Tool assists in
classifying risk of bias into 4 categories ranging through Definitely Low,
Probably Low, Probably High and Definitely High risk of bias.

e The process for reporting the results of the narrative review.

This document has undergone revision based on feedback from the RWQAC and will
be used to guide the literature search, assessment and evaluation, and documentation
required to carry out the narrative review for Microbial Risk.
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1 Introduction

The Office of the National Health and Medical Research Council (ONHMRC) has
commissioned Ecos Environmental Consulting P/L to develop research protocols and
conduct narrative reviews on two of four research topics that will be used to update
the Guidelines for Managing Risks from Recreational Water (NHMRC, 2008).

The two research topics to be addressed by Ecos are Microbial Risks and Chemical
Hazards (the other two topics Cyanobacteria and algae, and Free-living Organisms
will be addressed elsewhere). This document addresses Microbial Risks.

A key requirement for the narrative reviews is the development of a research protocol
to guide the review of the evidence. The research protocol sets out the methods to be
used for the review including the research questions, population groups and health
outcomes of interest. It also presents a structured search and evaluation strategy
outlining the methods that will be used to locate, select and critically appraise relevant
studies that will be used to answer the research questions. The research protocol
forms the basis of the methods and results section of the Evidence Evaluation and
Technical Reports which will document the findings of the review.

The research protocol specifies the key information needed for another reviewer to
replicate the search and as much as possible outline how the evidence will be
handled. The protocol is described in this document. A draft of this document will be
provided to the ONHMRC and the Recreational Water Quality Advisory Committee
(RWQAC) to agree on terms and processes before the review is started — this is to
reduce risk of bias and to prevent ‘scope creep’.

The research protocol for Microbial Risks is described in the following sections.
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2 Research Protocol - Microbial Risks

2.1. Purpose and objectives of review

The purpose of the review is to inform the update to Chapter 5 of the Guidelines for
Managing Risks in Recreational Water (2008) and any relevant sections throughout
the rest of the document with respect to the microbial risks associated with the
recreational use of water. Specifically, the review will provide NHMRC with an
independent body of evidence to assure that the revision of the Guidelines is based on
the most up-to-date and relevant scientific literature.

NHMRC has suggested reviewing publications from 2003 onwards. Although the
existing Guidelines were published in 2008, extending the date range back to 2003
should assist in locating any documents that may have been overlooked, or have
become recognised as being of greater importance since that time, or missed the cut-
off period during the preparation of the guidelines.

A summary of the scope and application of the new guidelines is given Appendix 1.

2.2. Definitions

In this review, “microbial risk” refers to risk associated with the contamination of the
water by frank human pathogens, mostly of faecal origin, and excludes risk associated
with free-living microorganisms such as saprozoic bacteria and protozoa which are
generally considered as opportunistic pathogens (these are to be covered in separate
reviews).

Definitions of types, uses and users of recreational water is given in Appendix 2.

2.3. Research Question/s

The research questions that form the basis of this review were developed by the
RWQAC. There is one primary question and two secondary questions.

2.3.1. Primary question

The primary question is: How can we monitor, assess and predict risks from diffuse
and point source microbial contamination in recreational waters?

To answer the primary question RWQAC has requested that we:

e Provide examples of what is done in Australian and international jurisdictions
and their reasoning.

o Determine what is done in other settings and how this relates to the Australian
context.

o Determine how specific target populations such as children,
immunocompromised or the elderly are impacted.

¢ Determine the main factors impacting risk and its prediction (environmental,
microbial, etc.).
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o Identify gaps and opportunities to design a risk assessment framework that
would provide an estimation of the risk truly reflective of adverse health
outcomes in various settings relevant to the Australian context.

2.3.2. Secondary questions
The secondary questions are:
(i)  What are the indicators/surrogates of this/these risk/s?
Requested tasks are to:

e Review the new technologies available to assess and monitor risks
and determine how they could be practically applied to Australian
recreational waters

e Describe the relationship between the indicator and surrogates with
adverse health outcomes. Include how this relationship been
demonstrated in settings relevant to Australia.

(i) What are the current practices to minimise or manage this/these risk/s?
Requested tasks are to:

e Provide examples of how mitigation strategies have been developed
based on scientific evidence.

e Provide examples/case studies of how this is achieved/implemented
in settings relevant to the Australian context.

2.3.3. Additional commentary and guidance from RWQAC

Whilst the above questions will be the focus of the narrative review, the RWQAC has
provided some additional commentary to assist in guiding the review. RWQAC has
noted that the previous NHMRC guidelines were centred around marine waters and a
risk model based on a study conducted in an oceanic setting in the UK with a point
source of pollution of human origin. Such an approach excludes consideration of
freshwaters as well as zoonotic pathogens and their sources with the exception of
some pathogens or indicator organisms that infect both humans and other animals.
Therefore, the current review should consider the risks to recreational water quality
from all sources of pathogens in marine, freshwater and estuarine environments.

Since the publication of the previous NHRMC Recreational Water Quality Guidelines,
the field of risk assessment (in particular QMRA) has become well established and
new technologies to monitor indicators and pathogens have been developed.
Therefore, in preparing our responses to the main research questions listed above,
the RWQAC has suggested that, based on the scientific evidence produced since
2003, the following questions also be considered:

(i) What are drawbacks of the interpretation of risks provided by the previous
guidelines when applied to the Australian context?

(i) What happens when pollution is from non-point sources or when pollution is
mainly associated with sources other than human?

Research Protocols for Narrative Reviews in support of NHMRC Recreational Water Quality
Guidelines: Microbial Risks

Ecos Environmental Consulting Pty Ltd
1344-2020



(i) Can a new framework be developed to take into account these variations and
truly reflect potential health outcomes in different settings (including in
freshwaters)?

(iv) Can the previous values be retained as default values in absence of a risk
assessment process?

(v) Can source tracking be a part this framework in identifying sources of
contamination?

To answer these questions, the RWQAC suggests that the following will be required:

e A brief review of the current science relating faecal indicator bacteria to
pathogen presence and public health risk to identify potential gaps in existing
guidance. For example, can we use the same indicator(s) for fresh and marine
waters? Are they relevant for all seasons and all regions of Australia?

¢ Review of the potential alternatives or secondary indicators as reported in the
literature and/or used in international guidance, regulation and practices (for
example, Clostridium perfringens, bacteroides, 16s microbial community
fingerprinting, bacteriophages, direct pathogen monitoring, non-microbial
indicators, etc.)

e A quick review of new technologies and methods for quantifying indicators,
tracking sources and assessing risk. This should include sample analysis
times and any issues associated with analytical variability.

e Guidance on single-sample water quality triggers for short-term water quality
assessment.

¢ Review of Quantitative Microbiological Risk Assessment (QMRA) approach to
recreational water assessment to inform a methodology for inclusion in the
Guideline.

e Practical implementation and consideration for a tiered approach to risk
assessment.

e State of knowledge for recreational waters in relation to climate change,
emerging pathogens and antimicrobial resistance (AMR).

As noted earlier, the primary and secondary research requestions will be the focus of
the review, however, in responding to those questions, it is understood that
consideration of the additional commentary and guidance from RWQAC and
associated questions, as listed above, will be required.

2.4. Population, Exposure, Comparator, Outcome (PECO) table

The key details on the populations that will need to be reviewed to answer the
research questions, including any susceptible populations or groups and justification
for including them are described in the PECO table (Table 2-1). The PECO table also
lists all relevant exposure pathways, comparator populations and health outcomes to
be considered.
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Table 2-1. Population, Exposure (Comparator), Outcome (PE(C)O) table

Element

Population

Exposure (and
comparator)

Criteria

The general population will be considered, as is the usual case for all NHMRC water
guidelines. Individuals with underlying medical conditions aside from general
immune suppression are out of scope but the following subgroups will be considered
as to whether they may require separate guidance in the guidelines.

e  Elderly

Infants and children

Pregnant women

Immunocompromised individuals

e Indigenous Australians (Aboriginal and Torres Strait Islander peoples)

e Any groups that might be exposed more frequently e.g. geographic
location, socioeconomic status, lifestyle/occupational exposure

e Sub-groups with unusual exposure patterns making them more susceptible
(e.g. athletes, people or age-groups practicing energetic water-based
activities) due to larger volumes of water ingested and/or inhaled, different
frequency of exposure, etc.

e  The review will consider all studies that involve healthy human subjects of
any age who have had recreational exposure to natural waters in any
developed country, as listed on the OECD website:

e  (http:// http://www.oecd.org/about/members-and-partners/). External
territories of member countries will be excluded.

Given the broad scope of this review and the volume of studies expected from the
literature search, a more pragmatic approach will be required. This review will focus
on prioritised microbial exposure organisms/pathways as outlined below and agreed
by RWQAC to keep the work within project resources. While the literature search will
retrieve all publications addressing risks to human health from microbial organisms
in Australian recreational waters, those studies that are out of scope of this
particular review will be collated and considered separately by RWQAC.

Organisms of interest:

e  Exposure to microbes (bacteria/viruses etc.) responsible for
gastrointestinal and respiratory illnesses (compared to no exposure if
possible/reported)

o  The focus of this review will be risks from frank human enteric
pathogens including bacteria, viruses, and protozoa and
indicators from such groups (e.g. E. coli, somatic coliphage, etc)
or derived from these groups (e.g. biochemical or molecular
indicators).

o  Other organisms that might be relevant for the Australian context
will be considered for the guidelines, but may not be included in
this particular review depending on the results of the literature
search (i.e. if none or too many relevant studies are found).

o RWQAC has requested that exposure to opportunistic pathogens
be included in the literature search and screened against
inclusion/exclusion criteria. The included opportunistic
pathogens literature will be passed onto RWQAC for their
consideration.

o  Some helminth infections may be endemic in areas of northern
Australia and will be included in the guidelines if the literature
search retrieves studies that demonstrate infection through
Australian recreational water exposure. Studies that demonstrate
transmission routes that are out of scope of the guidelines (e.g.
soil transmission) will not be included. RWQAC has requested
that relevant literature on helminths retrieved from the literature
search be collated for further consideration.
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Element Criteria

e  Exposure settings (type of recreational water body, recreational activity) as
per the definition provided in Appendix 2:
o  Recreational water bodies to be included are:
. Marine:

e beaches from the high tide waterline down

e coastal waters in close proximity to land and
thus influenced by land-based sources

e estuaries, including tidally influenced
estuarine beaches

=  Freshwater

e  Flowing waters (streams, creeks, canals, and
rivers)
e  Wetlands, lakes and reservoirs
e  Beaches on rivers and lakes from the
waterline down
o  Type of recreational activities to be covered by degree of contact
as defined in the existing guidelines ((NHMRC, 2008)).

. Whole-body contact (primary contact) — activity in
which the whole body or the face and trunk are
frequently immersed or the face is frequently wet by
spray, and where it is likely that some water will be
swallowed or inhaled, or come into contact with ears,
nasal passages, mucous membranes or cuts in the skin
(e.g. swimming, bathing, diving, surfing, wave-boarding,
body-boarding, wind-surfing, water parks or
whitewater canoeing).

= Incidental contact (secondary contact) — activity in
which only the limbs are regularly wet and in which
greater contact (including swallowing water) is unusual
(e.g. boating, wading, sailing, kayaking and fishing), and
including occasional and inadvertent immersion
through slipping or being swept into the water by a
wave.

= No contact (aesthetic uses) — activity in which there is
normally no contact with water (e.g. angling from
shore), or where water is incidental to the activity (such
as walking on a beach).

o  Most types of water-based recreational activities should fit under
the above categories. Activities may include:

= Swimming

= Surfing
=  Water skiing
= Jet skiing

= Diving, including snorkelling, scuba and activities such
as spearfishing
= Kiteboarding, and kitesurfing
=  Parasailing (from the beach or behind a boat)
=  Sail boarding and wind surfing
= Kayaking and canoeing, including sea kayaking
- Rowing
=  Fishing from a kayak or canoe
=  Fishing from a shoreline or riverbank with wading
= Angling from the shore (no contact)
= Sunbathing (no contact)
= Other aesthetic uses, e.g. walking along the beach, etc.
e  Studies investigating illnesses acquired from treated recreational water
(e.g. swimming pools, spas, hot tubs) will be excluded.
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Element Criteria

e  Health outcomes as a result of domestic exposure (e.g. drinking water or
water used for washing) or occupational exposure to natural waters will
also be excluded unless a study is clearly valuable in terms of protecting a
subgroup.

e  The exposure pathways being considered in this review are oral ingestion
of water and inhalation of aerosols. Other pathways are excluded from this
review but relevant studies will be retrieved as part of the literature search
and considered separately by RWQAC. Reasons for inclusions and
exclusions are given below.

o  The main exposure pathways for frank human enteric pathogens
is considered to be the oral ingestion pathway.

o Inhalation of aerosols may be a significant exposure pathway in
some recreational water exposure scenarios (e.g. jet skiing).

o  Other exposure pathways such as dermal, ocular or aural
exposures are considered to be more significant with respect to
opportunistic pathogens which are out of scope of this review.
Relevant studies on opportunistic pathogens through all
exposure pathways will be retrieved in the preliminary literature
search as noted above and collated separately for review by
RWQAC.

e  The comparative populations are human populations with:

o  No contact with natural waters.

o Different levels of recreational exposure (e.g. no head
immersion).

Recreational exposure to different grades of polluted water.

o Note that papers that do not report rates of iliness in a
comparator group may be excluded as it would be impossible to
calculate a risk metric for such studies.

Human health outcomes have been prioritised to keep the review within project
resources. The literature search will retrieve studies for health outcomes relating to
pathogens and exposure pathways that are considered out of scope for this review
(e.g. opportunistic pathogens) and will be collated and reviewed separately by
RWQALC to ensure all relevant health outcomes are considered in the guidelines.

Relevant health outcomes of interest for this review are:

e  Probability of illness per exposure (including gastrointestinal illness, highly
credible gastrointestinal illness, respiratory iliness, acute febrile respiratory
illness). Note that gastrointestinal illness is the most commonly identified
problem and also has formed the rationale for water quality criteria world-
wide (Fewtrell and Kay, 2015),

Outcomes e Probability of infection per exposure
e  Any other adverse health effects (e.g. throat infections).
The health outcomes may be:
e  Self-reported cases of illness (such as gastrointestinal symptoms) following
natural recreational water exposure
e  Confirmed diagnosis of infection following exposure.
The RWQAC is also interested in determining:
e  How should the tolerable burden of disease be defined?
e  What metric should be adopted? i.e. is a uDALY an appropriate metric or
should alternative metrics be used (reasoning to be included).
e The likelihood of infections caused by antibiotic resistant bacteria (ABRs)
after exposure to natural recreational waters.
The review will consider:
Study Type

e  Reviews of recreational water quality risk monitoring and management.
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Element Criteria

Existing recreational water quality guidelines/reports. A listing of reports
supplied by the RWQAC is included in Appendix 3.

Primary research epidemiological studies evaluating the risk of disease
from the exposure to natural waters. This includes randomised cohort
studies, cohort studies, case-control, and cross-sectional studies, that meet
the selection criteria.

Grey literature, reports and guidelines from reputable international and
national agencies (e.g. WHO, US EPA, State and Commonwealth
Departments of Health, State EPAs, environmental agencies of OECD
member countries where such documents are available in English, etc.)

Animal/in vitro studies will be excluded.
The above studies will be categorised according to a selected list of Critical Appraisal
Skills Programme (CASP) study types as follows:

7.

ok wWwN R

Case control study

Cohort study

Diagnostic test study

Systematic review

Qualitative research

Randomised controlled trial

Cross-sectional study (mix of case-control and cohort)

Study categories will be used to guide a critical appraisal of study quality and
selection for the review. See following sections.

2.5. Search Strategy and Selection of Evidence

The specific steps that will be taken to find and select the evidence to be reviewed are

outlined in Table 2-2.

Table 2-2. Summary of search strategy and selection of evidence

Item

Search terms

Comment

Keywords to be used to search for publications based upon the PECO
elements and research questions — these will be used across all databases
for consistency.

Key search terms (242)

16s microbial community fingerprinting, aboriginal, Accidental Faecal
Discharge, Acinetobacter, adenovirus, adenoviruses, adverse effects,
Aeromonas, aerosols, allergic reaction/s, amoebiasis, analysis, anglers,
angling, antibiotic resistant bacteria, antimicrobal resistance, Arcobacter,
Ascaris, astrovirus, athletes, bacteria, bacteriodales, bacteriophages,
bacteroides, Balantidium, bather acquired , bather shedding, bathing,
bathing beaches, beach/es, Blastocystis, boating, body-boarding, body-
surfing, Caliciviruses, Campylobacter, canoeing, case control study, cattle,
children, Cholera biotypes, classification, Clonorchis sinensis, Clostridium
perfringens, coast, coastal, cohort study, control, cross-sectional study,
Cross-sectional study (mix of case-control and cohort), Cryptosporidium,
Cyclospora cayetanensis, Cystoisospora (Isospora) belli, DALY, dam, dermal
irritation, dermatologic, diagnostic test study, diarrhea, diarrhoea,
Diphyllobothriidae, direct pathogen monitoring, disability adjusted life year,
disease, divers, diving, domestic animals, dose-response, E. coli
diarrhoeagenic, E. coli enteropathic, E. coli enterotoxigenic, E. coli 0157:H7,
E.coli, Echinococcus, Echinostomatidae, echovirus, elderly, Entamoeba
histolytica, Enteric Fevers, enterococci, enterococcus, enteroviruses,
epidemiology, Escherichia coli, estuaries, exposure, eye irritation, faecal
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Item

Databases

Publication date

Language

Comment

discharge, faecal indicators, fecal indicators, fever, FIB, fishing, fishing
canoe, fishing kayak, fishing riverbank, fishing shoreline, fishing wading, flu-
like, freshwaters, gastroenteritis, gastrointestinal, gastrointestinal illness,
Giardia, hay fever-like, headache, health, health effects, health outcome/s,
Helicobacter pylori, Hepatitis A, Hepatitis E, hepatotoxicity, Heterophyidae,
Hookworms, illness/es, immunocompromised, indicator, indigenous,
induction of asthma, ingestion, inhalation, inhalation-related symptoms,
intestinal flukes, jet skiing, jet-skiing, jurisdiction, kayakers, kayaking,
kiteboarding, kitesurfing, lake, legislation, Leptospira, Leptospirosis, liver
flukes, livestock, marine, Metorchis, microbial, microbial source tracking,
microbiological, Microsporidia, Moraxella, nausea, neurologic/al,
neurotoxicity, non-microbial indicators, non-point source pollution,
norovirus, Norwalk virus, Opisthorchis, oral, outbreaks, outfall, paddling,
Papillomavirus, Paragonimus, parasailing, pathogen, pentathlon,
pneumonia-like symptoms, point source pollution, polioviruses,
polyomavirus, pregnant women, prevention, primary contact recreation,
protozoa, pruritis, Pseudomonas aeruginosa, QMRA, qualitative research,
quantitative microbial risk assessment, randomised controlled trial,
recreation/al, recreational exposure, recreational guidelines, recreational
water quality, risk, river, rotavirus, rowing, sail boarding, sailing, saline
waters, Salmonella, Salmonellosis, sand, Sapovirus, Schistosoma, scuba, sea
kayaking, seagulls, secondary contact recreation, sewage, Shigella,
Shigellosis, shortness of breath, skin irritation, skin rash/es, snorkelling,
source tracking, source vulnerability, spearfishing, standards,
Stenotrophomonas, stormwater, sunbathing (no contact), surfers, surfing,
swimmer acquired, swimming, symptoms, systematic review, Taenia, Torres
Strait Islander, tourists, Toxocara, Toxoplasma gondii, triathlon, Trichuris
trichiura, Vibrio, viruses, vomiting, wading, wakeboarding, water
contamination, water parks, water pollution, water quality, water skiing,
water sports, waterborne diseases, waterfowl, wave-boarding, whitewater
canoeing, wildlife, wind surfing, wind-surfing, Yersinia, zoonotic.

The opportunistic taxa Naegleria fowleri and Burkholderia are excluded
from the above list since they are the focus of a separate narrative review.
Other opportunistic waterborne pathogens were listed based mainly on
their citation in the Global Water Pathogens Project (GWPP, 2020).

Potential search strings

Potential search strings will be developed based on the above key words
after familiarisation with the different search engines. It is possible that
hierarchical searches will enable some compaction of the search terms, e.g.
recreational water activities may be grouped under one search string.

The following databases will be searched: PubMed, Scopus, Google Scholar
SpringerLink. Searches may also be made on Science Direct, Web of
Science, Wily Online Library subject to further advice and liaison with RMIT
University library services. Access to subscription databases will be via
RMIT University library services.

As noted earlier, NHMRC has suggested reviewing publications from 2003
onwards. Although the existing Guidelines were published in 2008,
extending the date range back to 2003 should assist in locating any
documents that may have been overlooked, or have become recognised as
being of greater importance since that time, or missed the cut-off period
during the preparation of the guidelines (believed to be 2004).

Only English language documents will be reviewed. In the event that that
RWQAC should decide that a non-English publication should be included,
translation of this publication will be arranged by ONHMRC.
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Item Comment

Criteria for Inclusion/exclusion are:

e Inclusion of all study types (epidemiological, QMRA and others,
local and international surveys; peer-reviewed publications or
government reports/guidelines for indicators).

e  English language only.

e  Human health outcomes only.

e  Publication date range from 2003 onwards.

e  Peer reviewed publications only with the exception of certain grey
literature reports and guidelines from reputable international and
national agencies (e.g. WHO, US EPA, State and Commonwealth
Departments of Health, State EPAs, etc.). Most such documents
would be peer-reviewed but determining if and how such peer
review took place may not always be clear.

e  The list of existing recreational water guidelines/reports supplied

elvsiten amne by RWQAC (see Appendix 3).

exclusion criteria e The list of microbial risk recreational water studies supplied by the
RWQAC which is included in Appendix 4. This list will be further
classified according to the preceding criteria.

e  Note that it is expected that the literature searches should
identify all of the documents listed in Appendices 1 and 2, so the
reproducibility of the searches based solely on the search terms,
search strings and databases should be assured. However, in the
search string development phase, the literature listed in
Appendices 1 & 2 will be helpful in validating the effectiveness of
the search terms and strings.

e Animal/in vitro studies will be excluded since it is expected that
such studies would be associated with a high degree of
uncertainty with respect to their relevance to human health
outcomes.

Importance (priority rating) of outcomes to be considered as part of the
review using the CASP assessment protocols (see Section 2.7).

The search strategy will be validated to check that it works before
undertaking a full search. This will be done by performing an initial search
based upon the chosen search terms and evaluating the number of records
retrieved. If very large numbers of records are retrieved, it will be taken as
an indication that the search terms and strings need to be revised.
Similarly, if very few records are retrieved where it is expected that many
records would occur, this implies that the search strategy may need to be
made less restrictive (e.g. by use of wildcard terms like “*” etc.). Search
term efficiency can be improved by adding or modifying criteria and filters.
For example, by combining “Fishing” and “Secondary Contact Recreation”
papers addressing exposure via fishing are likely to be more efficiently
retrieved and not swamped by papers addressing only fishing or other types
Validation methods of secondary contact recreation. It is expected that RMIT University’s
librarian will provide assistance here in constructing efficient search terms.
Determining when too many search hits occur and when there are too few,
is a somewhat subjective process. However the reality is that only several
hundred documents at a maximum can be assessed within the resources of
the project, that such lists can be confidently expected to contain the key
references, and that lists of such length will contain a lot of duplication.
Such considerations put an upper bound on the number documents to be
considered.
At the other end of the spectrum (i.e. too few documents retrieved), it
would be expected that search terms and strings resulting in inadequate
numbers of hits would be highlighted by the fact that many of the
references supplied by the RWQAC had been missed. Similarly, if all such
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Item Comment

documents are included, it would be a sign that the search strategy was
effective enough.

Another process that will assist in determining the effectiveness of the
search terms and strings will be “forward and backward citation chasing”.
This involves searching backward in time by finding sources cited within a
research article — often listed in a bibliography or references section — or
forward in time by looking for sources that cite the article itself. If this
process dredges up additional relevant documents that have been missed
by the search terms and strings, it will be considered as an indication that
the search efficiency needs to be improved as discussed above.

Search strings will initially be set to search key words, titles and abstracts,
however, if thousands of publications are retrieved, search strings may be
set to search just titles and key words. In addition, where high quality
review articles are identified, these may be used as the main evidence in
response to the primary and secondary research questions or supporting
questions posed by the RQWAC — for example a high quality recent review
may deal adequately with RWQAC request to “Review potential alternatives
to faecal indicator bacteria or secondary indicators as reported in the
Screening methods literature and/or used in international guidance, regulation and practices”.
Publications about which we are uncertain will be included in the first
instance but noted as such and later evaluated for exclusion. The criteria
for exclusion will be documented and advice may be sought from the
RWQAC at that time. Presently it is difficult to propose specific criteria until
the search has been undertaken.
A summary of how documents were screened will be included consistent
with the PRISMA method recommended by Moher, Liberati, et al., (2009).
(see Appendix 5).

Quality check See discussion under validation methods above

In addition to the grey literature list provided by RWQAC (Appendix 3) we
will also search the websites of the following international organisations
focussing on the first 40 titles of reports and documents retrieved in each
case:

e British Medical Research Council (MRC)

e  Centre for Disease Control and Prevention (CDC)
Environment Canada
European Centre for Disease Prevention and Control (ECDC)
European Environment Agency (EEA)
Health Canada
New Zealand Ministry of Health (NZ MoH)
Public Health England (PHE)
United Nations Environment Programme (UNEP)
United Nations Environment Programme Mediterranean Action
Plan (UNEP MAP)

e  United States Environment Protection Agency (US EPA)

e  World Health Organization (WHO)
It will not be possible to search the websites of the above organisations
using the search terms and search strings described for the major database
searches as these will be too long and complicated for the simple search
engines associated with each website. Instead an abbreviated list of terms
will be used — most likely such terms as recreation, water quality, primary
and secondary contact etc. Lists of terms will be trialled, gauged for
efficiency, and documented in the evaluation and technical reports to
permit reproducibility of search results.

Grey literature

Search results will be documented using the template shown in Table 2-3
which is based loosely on the PRISMA approach (Mobher, Liberati, et al.,
2009).

Documentation of
search
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Item Comment

Search results will record which publications have been found, which ones
were excluded and the justification/criteria for exclusion. If there are many
documents listed, this data may be supplied in an Excel Spreadsheet.

The list of retrieved publications and any electronic copies will be stored in a
bibliographic database using the Zotero bibliographic software
(https://www.zotero.org/). We currently make extensive use of this
software for our consulting work. Bibliographic data can be exported to
other bibliographic software as required, e.g. Endnote.

Papers will be held as electronic versions and reviewed in this format.
Occasionally we may print off hard copies of high quality references where
this assists in readability of the document. All search results and project
files are held on a secure server at Ecos which is backed up to a secure cloud
server via Ctera Networks subscription (https://www.ctera.com/). The
cloud backups are time-based and lost files can be retrieved from previous
backups going back several months. The system is also secure against
ransomware attacks.

Retrieval of
publications

2.6. Process for extracting and presenting data

Information to be extracted from the publications identified in the searches will depend
on the research questions, the PECO criteria, the evidence related to inclusion, the
study methodology and evidence strength and limitations. A draft template for data
extraction is set out in Table 2-3. The template includes bibliographic information (e.g.
authors, year of publication), year(s) of study period, country of study, study
characteristics etc.) and is cross-referenced with a classification of study quality and
risk of bias (see section 18). Database tools in either Microsoft Excel or Microsoft
Access will be used to construct an integrated report on each publication and to
calculate summary statistics on the publication attributes. The decision on which
software package to use will depend on the size of the search results. Tabulations of
summary statistics will be presented in the Evaluation Reports and detailed tabulation
of the results on key studies will be included in the Technical Reports.

Table 2-3. Draft template for data capture and presentation

Category Item Description

Study ID

Date template completed
Authors

Publication date

Publication type

Peer reviewed

Country of origin

Source of funding

Possible conflicts of interest

General
information

Aim/objectives of study
Study Study type/design
characteristics Study duration
Type of water source/water body

Population/s studied
Population

- Selection criteria for population
characteristics

Subgroups reported
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Category Item Description

Size of study
Type of water source/water body
Exposure scenario
Exposure and Exposure pathway
setting Source of infection/contamination
Causal organisms
Comparison group(s)
Water quality measurement used
Study methods Method of microorganism isolation and enumeration (if applicable)
Water sampling methods (monitoring, surrogates)
Definition of outcome

How outcome was assessed
Results

Method of measurement
(for each outcome)

Number participants (exposed/non-exposed, missing/excluded) (if
applicable)
Statistical methods used
Statistics Details on statistical analysis (if any)
Relative risk/odds ratio, confidence interval?
Studies will be categorised according to a selected list of Critical
Appraisal Skills Programme (CASP) or Cochrane/OHAT definitions of
study types as follows:
1.  Case control study

2. Cohort study
3. Diagnostic test study
4.  Systematic review
CASP Category and 5. Qualitatiye research .
OMAT Risk of Bias 6. Randomised controlled trial
7.  Cross-sectional study (mix of case-control and cohort)
Study categories will be used to guide a critical appraisal of study
quality and selection for the review.
Excluding Systematic reviews and Qualitative Research, OHAT Risk of
Bias Rating Tool classifications will be applied to each study type.
Note that the OHAT classification steps differ for each study type, but
that the final classification is consistent across study types (See
Section 2.7)
Interpretation of results
Author’s Assessment of uncertainty (if any)
conclusion The process for assessing the Body of Evidence is based on the
GRADE system as described in the OHAT handbook (see Section 2.8)
Reviewer Results included/excluded in review (if applicable)
comments Notes on study quality e.g. gaps, methods

2.7. Critical appraisal of evidence and risk of bias assessment

2.7.1. Critical appraisal of evidence

The quality of each study to be included will be assessed using the CASP (Critical
Appraisal Skills Programme, Oxford CTVH, 2020)" quality assessment protocols for
observational studies. The studies will be categorised according to a selected list of
CASP study types as follows:

1. Systematic review
2. Qualitative research

L For further information on each CASP checklist see https://casp-uk.net/casp-tools-checklists/
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Case control study

Cohort study

Diagnostic test study

Randomised controlled trial

Cross-sectional study (mix of case-control and cohort)

N oA~

These study categories will be used to guide a critical appraisal of study quality and
selection for the review.

The CASP protocol considers three broad issues in appraising a study:

(i) Are the results of the study valid?
(i) What are the results?
(iii) Will the results help locally?

Depending on the type of study 10 to 13 questions are posed within the three
categories above that are designed to assist the reviewer to consider the issues
systematically. The first two to three questions are screening questions and can be
answered quickly. If the answer to each is “yes”, it is worth proceeding with the
remaining questions. There is some degree of overlap between the questions and the
reviewer is asked to record a “yes”, “no” or “can’t tell” to most of the questions. A
number of supporting hints or prompts are listed for each question which are designed
to remind the reviewer why the question is important. Answers and reasons to all
questions are recorded in a table for each reviewed document (see Appendix 6). The
response to the first few questions can be used as a filter to exclude studies that do
not address a clearly focussed issue or use appropriate methodologies.

2.7.2. Risk of bias (quality) assessment

Risk of bias is also addressed to some extent by the questions listed in the CASP
checklists, however, other more rigorous protocols can be applied to the following
study types.

1. Case control study

2. Cohort study

3. Diagnostic test study

4. Randomised controlled trial

5. Cross-sectional study (mix of case control and cohort)

For these study types, we propose to apply the OHAT Risk-of-Bias Tool (OHAT =
Office of Health Assessment and Translation of the US National Toxicology Program,
OHAT, 2020). Note that each study will be cross-checked against CASP and
Cochrane definitions (Appendix 7) to ensure correct classifications.

The methodological quality of individual studies will be assessed using an adaptation
of the OHAT risk of bias tool (Appendix 8). Studies will be evaluated on applicable
risk of bias questions based on study design. For each study, the OHAT Risk-of-Bias
Tool poses 11 questions with specific questions applicable to each of the 6 different
study design types. Since our PECOS table excludes experimental animal studies,
this category is not included. It is also possible that Diagnostic Test Studies may be
not be covered in the OHAT classification, however, this determination will be resolved
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once we have begun the literature review processes. The studies in the remaining
categories will be classified according to the presence and extent of bias as follows:

. Definitely Low risk of bias:
There is direct evidence of low risk-of-bias practices.
(May include specific examples of relevant low risk-of-bias practices)
+ Probably Low risk of bias:

There is indirect evidence of low risk-of-bias practices OR it is deemed that
deviations from low risk-of-bias practices for these criteria during the study
would not appreciably bias results, including consideration of direction and
magnitude of bias.

= NR Probably High risk of bias:

There is indirect evidence of high risk-of-bias practices OR there is insufficient
information (e.g., not reported or “NR”) provided about relevant risk-of-bias
practices

. Definitely High risk of bias:
There is direct evidence of high risk-of-bias practices
(May include specific examples of relevant high risk-of-bias practices)

A conservative approach is taken wherein insufficient information to clearly judge the
risk of bias for an individual question results in an answer rating of “Probably High” risk
of bias.

Some of the key aspects that need to be examined include:

¢ The selection of the population studied

e How the exposure was defined/assessed

e Were the methods used valid?

e Whether any important confounders were identified and controlled for
o Whether any statistical analysis was undertaken

Data used to assess risk of bias will be extracted using existing approaches/templates
such as those available in the OHAT Handbook, from the CASP website or the
appendices of the US EPA (draft) methodological framework (US EPA, 2018)
depending on study type. Study types that do not have an existing template (such as
monitoring studies) can be assessed against the usual risk of bias domains using
questions such as those outlined in the OHAT framework Table 5 where applicable.

Studies that are determined to have a high risk of bias or serious concerns with study
quality can be excluded from the review. Their removal will be recorded with
justification in the PRISMA flow diagram.

Conflicts of interest and funding data from the study characteristics tables will be
considered when assessing whether these might have affected any of the risk of bias
domains (e.g. selection of comparators, selective reporting of results). If there are
serious overall concerns, these will be noted under ‘Other sources of bias’ in the risk
of bias tool in Appendix 8.
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The outcome of the risk of bias assessment will be presented in the Evidence
Evaluation Report (described in Section 2.9), together with a discussion of the overall
quality of each study. Full details of each assessment will be provided in the Technical
Report (also described in Section 2.9).

Once a determination of risk of bias for each domain has been made, a visual
summary of the risk of bias ratings for the included studies can be prepared and used
in the next stage of the critical appraisal process to determine overall risk of bias
across the body of evidence (see the OHAT Handbook Table 9 and Appendix 9).

2.8. Process for Assessing the Body of Evidence

The evidence collected and appraised for each research question will be grouped by
study type and outcome if possible and summarised in an Evidence Summary table
that will have an assignment of the certainty (or confidence) in that body of evidence.

2.8.1. Assessment of the body of evidence

A process based on the OHAT approach to using the GRADE system will be used to
assess the certainty of a body of evidence. Evidence streams for each research
question will be tabulated together by outcome if possible. An overall certainty rating
will be assigned to each evidence stream after the domains used to assess certainty
in the GRADE framework are applied to the body of evidence. These domains are:

e Overall risk of bias across studies;
e Unexplained inconsistency;

e Imprecision;

e Indirectness; and

e Publication bias.

Under the GRADE system, the overall quality of the evidence for an outcome is
categorised as high, moderate, low or very low.

Each evidence stream will be assigned an initial certainty rating similar to that
described in the OHAT Handbook Table 8. For example, evidence from randomised
controlled trials is initially graded as high certainty and evidence from observational
studies is initially graded as low certainty. If there are any study types that do not have
an initial rating, an appropriate initial rating will be determined by the reviewer in a
similar manner to the approach used in OHAT Handbook Table 8.

The certainty of the evidence can be downgraded or upgraded from the initial rating if
any of the conditions in Figure 2-1 (elaborated in Table 2-4) are met. If none are met,
the initial certainty rating is kept. These domains are explained in more detail in the
OHAT Handbook. Conflicts of interest and funding sources will also be considered as
a reason to downgrade if there are serious concerns that these have influenced the
findings from the body of evidence.
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Initial Confidence Factors Factors Confidence
by Key Features == Decreasing ==p Increasing ™= in the Body

of Study Design Confidence Confidence of Evidence
High (+++4) - Risk of Bias - Large Magnitude of Effect Hiah
4 Features S . - Dose Response Igh ( )
- Unexplained . .
* Controlled |ncon5istency - Residual Confoundlng
EXposure ) )
+++ — Studies reportan effect and residual
Moderate { } * Exposure . confounding is toward null Moderate (+++)
3 Features prior to * Indirectness ) )
outcome — Studies reportno effect and residual
+ Individual o confounding is away fromnull
s’ | - Imprecision .
Low (++) data - Consistency Low (++)
2 Features + Comparison | - Publication - Across animal medels or species
group used Bias — Across dissimiar populations
— Across study design types
Very Low (+) R Very Low (+
£1Features * Other ery Low (+)
— e.g., particularly rare outcomes

Figure 2-1. OHAT method for assessing confidence in the Body of Evidence (OHAT, 2019)
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Reasons to Downgrade

Risk of bias - Serious or very serious
concerns about study quality across the body
of evidence (reliability) (see Appendix 9)

Unexplained inconsistency - Important
inconsistency of results across the included
studies that can’t be explained by study
design

Indirectness - Some or major uncertainty
about directness (relevance to the research
question that is being answered)

Imprecision - Imprecise or sparse data

Publication bias - High probability of
reporting bias (selective reporting of results

Table 2-4. OHAT reasons for down grading or upgrading certainty of evidence

Reasons to Upgrade

Consistency - Strong or very strong
evidence of association based on consistent
evidence from two or more observational
studies, with no plausible confounders

Magnitude of effect - Very strong evidence
of association based on direct evidence with
no major threats to validity

Dose-response - Evidence of a dose-
response gradient

Residual confounding - All plausible
confounders would have reduced the effect

Other reasons — any topic-specific reasons
as determined by experts in the field

across the body of evidence that might skew
results)

The results of the certainty assessment process will be tabulated in a similar manner
to that described in the OHAT framework (Appendix 10). Where a conclusion is
unable to be made by the reviewer around any of the domains (e.g. inconsistency and
imprecision may be difficult to ascertain with the kind of evidence that will be included
in the review) this will be recorded as ‘not applicable’ or ‘unknown’. Tables
summarising the results for each outcome will be included in the Evidence Evaluation
Report (see Section 2.9) and the full evidence profiles will be included in the Technical
Report (Section 2.9).

2.9. Process for reporting of review findings

Following on from the production of this Research Protocol, two additional documents
are to be produced to meet the needs of the Narrative Review, namely the Evidence
Evaluation Report and the Technical Report. Report outlines for each document are
presented in the following sections. As discussed earlier, we will use database tools
to capture and generate report tables. Data synthesis for the Evidence Evaluation
Report will be informed by meta-analyses where there is sufficient data to permit such
an approach.

A summary of the methodology used to find and select the studies and the findings of
the critical appraisal process will be included in the Evidence Evaluation Report. Full
details will be provided in the Technical Report.

Outcome data presented in the included studies will be extracted and will be
presented in an evidence summary table as appropriate, along with the overall
certainty rating for those results. Draft evidence statements outlining how these results
address the relevant research questions will be prepared. The evidence statements
will take into account the extent and strength/limitations of the evidence. The evidence
statements will be considered by RWQAC, who may provide advice on their revision.
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2.9.1. Evidence Evaluation Report outline
The Evidence Evaluation report will consist of:

o Executive summary

¢ Introduction and Background: including definitions of key terms, outcome
measures, abbreviations, rationale for review and objectives

o Methodology: brief overview only, with a reference to full details to be
provided in the Technical Report

e Results: a summary of results for each research question, main findings,
document characteristics

e Discussion: including strengths and limitations of the studies, comparison
of existing literature, a discussion of gaps in the evidence (if identified
during the evaluation of the evidence) and a suggestion of areas for
further research

e Conclusions

o References

e Appendices

o References

2.9.2. Technical Report outline

The technical report will document detailed information about the methods used to
undertake the literature reviews that would otherwise make the Evaluation Report
difficult to read (e.g. lists of excluded studies, pages of search strings, individual study
report tables). Similar to the Evidence Evaluation report, the Technical Report will
describe the methodology used; however, this will be done in full detail, including:

. the research questions;

. the search strategy used to identify and retrieve studies;

. the process for selecting studies (i.e. inclusion/exclusion criteria);

. the methodology used to critically appraise the literature and the quality
assessment of included studies;

. the methods used for data extraction;

. the methods used to critically appraise and synthesise the data of
included studies;

. the methods used to analyse and summarise the results of included
studies;

. the methods used for any calculations and explanatory text for any
assumptions if used;

. documentation of the declared interest(s) of the author(s) of each paper;

. a description of how comments from the independent methodological

review of the draft research protocol were addressed.
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2.10. Process for Assessing Existing Guidance or Reviews

Due to the large volume of evidence that will be found undertaking some of the
systematic literature search, several secondary research questions will be addressed
instead using a review of existing guidance or reviews.

For example, in Section 2.3.2 the secondary questions to the primary question? are:
(i)  What are the indicators/surrogates of this/these risk/s?
Requested tasks are to:

e Review the new technologies available to assess and monitor risks and
determine how they could be practically applied to Australian recreational
waters

e Describe the relationship between the indicator and surrogates with adverse
health outcomes. Include how this relationship been demonstrated in settings
relevant to Australia.

We will attempt to deal with these two tasks through the assessment of existing
reviews.

(i) What are the current practices to minimise or manage this/these risk/s?
Requested tasks are to:

e Provide examples of how mitigation strategies have been developed based on
scientific evidence.

e Provide examples/case studies of how this is achieved/implemented in
settings relevant to the Australian context.

Similarly, we will attempt to deal with these two tasks through the assessment of
existing guidance or reviews.

In addition, in Section 2.3.3 the RWQAC has requested that in preparing our
responses to the main research questions listed Section 2.3.2 that we consider a
number of additional questions based on the scientific evidence produced since 2003
(Table 2-5).

2 j.e. How can we monitor, assess and predict risks from diffuse and point source microbial

contamination in recreational waters?
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Table 2-5. Additional questions and tasks required to answer questions for supporting main
research questions for this narrative review (reproduced from Section 2.3.3)

Additional Questions Tasks required to answer questions

(i)  What are drawbacks of the . A brief review of the current science relating faecal
indicator bacteria to pathogen presence and public health
risk to identify potential gaps in existing guidance. For
example, can we use the same indicator(s) for fresh and
marine waters? Are they relevant for all seasons and all
regions of Australia?

interpretation of risks
provided by the previous
guidelines when applied to
the Australian context?

(ii)  What happens when

pollution is from non-point . Review of the potential alternatives or secondary
sources or when pollution is indicators as reported in the literature and/or used in
mainly associated with international guidance, regulation and practices (for
sources other than human? example, Clostridium perfringens, bacteroides, 16s
(i) Can a new framework be microbial community fingerprinting, bacteriophages, direct
developed to take into pathogen monitoring, non-microbial indicators, etc.)
account these variations and o A quick review of new technologies and methods for
truly reflect potential health quantifying indicators, tracking sources and assessing risk.
outcomes in different This should include sample analysis times and any issues
settings (including in associated with analytical variability.
freshwaters)? . Guidance on single-sample water quality triggers for short-
(iv) Can the previoug values be term water quality assessment.
retained as default values in . Review of Quantitative Microbiological Risk Assessment
absence of a risk assessment (QMRA) approach to recreational water assessment to
process? inform a methodology for inclusion in the Guideline.
(v)  Can source tracking be a part . Practical implementation and consideration for a tiered
this framework in identifying approach to risk assessment.
sources of contamination? . State of knowledge for recreational waters in relation to

climate change, emerging pathogens and antimicrobial
resistance (AMR).

These reviews may be best achieved by reviews of existing guidance or reviews.

Similar search strategies to those used to search and select primary studies will be
used to identify existing guidance and reviews. In addition, grey literature such as
jurisdictional reports and guidance will be provided by RWQAC members and
assessed by reviewers.

2.10.1. Critical appraisal of existing guidance and reviews

The methodological quality of the existing guidelines or reviews will be assessed using
an adaptation of the tool provided in Appendix 11. The criteria listed in the tool are
based on common domains that are evaluated in several existing tools for assessing
guidelines and systematic reviews (e.g. AGREE tool). Criteria that are deemed
appropriate/inappropriate for a research topic or evidence type (guideline process v
reviews) will be removed or added as needed. One reviewer will be performing the
assessment.

2.10.2. Presentation of the findings of the review

A summary of the methodology used to find and select existing guidance/reviews and
the findings of the critical appraisal process of the included guidance/reviews will be
included in the Evidence Evaluation Report. Full details will be provided in the
Technical Report.

Outcome data presented in the guidelines/review will be extracted and will be
presented in an results tables (evidence summary table) or figures as appropriate. Any
important limitations of the existing guidance/reviews will be described. Draft evidence
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statements outlining how the existing guidance/reviews address the relevant research
questions will be prepared. The evidence statements will take into account the extent
and strength of the evidence. The evidence statements will be considered by
RWQAC, who may provide advice on their revision.

2.11. Additional searches and process for making amendments to

the protocol

2.11.1. Additional searches

It is acknowledged that feedback from the RWQAC and the project team may require
further searches or information/reports sought. This feedback will be recorded for
eventual inclusion in the evidence evaluation or technical report. Studies that are
excluded after data extraction will also be recorded with justification.

2.11.2. Process for making amendments to the protocol

Where the nature of the available data dictates the need for changes to the research
protocol, such changes will be documented in the Technical Report, and approval
sought beforehand from NHMRC (e.g. the RWQAC) to make sure such changes are

transparent.

2.12. Declaration of interests
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in many consulting projects for clients in the public and private sectors.
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| provide consultancy advice in the areas of water-related human health
and ecological risk assessment.

| provide consultancy advice about chemicals of concern in recycled
water.

| provide consultancy advice in the areas of water-related human health
and ecological risk assessment.
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Futures P/L to develop the 2020 version of the Victorian Recycled Water
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performance of a Point of Entry drinking water supply system.

Research Protocols for Narrative Reviews in support of NHMRC Recreational Water Quality

Guidelines: Microbial Risks
Ecos Environmental Consulting Pty Ltd
1344-2020

27



Interest Details Summary

I report findings of my research on behaviour and risk assessment of

Publication of journal articles . .
chemicals of concern in recycled water
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Appendix 1 - Guideline Scope and Application

Unlike the Guidelines for Managing Risks in Recreational Water (2008), the updated
Guidelines will cover the public health risks associated with recreational water quality
only. This includes human health risks from biological and chemical hazards that
affect the quality of recreational water that people might be exposed to. Other risks
associated with recreational water use such as physical risks should be considered as
part of the risk management planning process while applying the Framework;
however, specific guidance on how to manage these risks will not be provided in the
Guidelines. In addition, the Guidelines will not cover details on rescue, resuscitation or
treatment associated with risks from recreational water quality.

The Guidelines should be applied within the broader context of protecting public health
and as such are not intended to be prescriptive given the variety of recreational water
settings and climates across Australia. The inclusion of the Framework is intended to
allow for structured risk assessment and risk management planning across the wide
variety of existing and emerging recreational water environments that Australian risk
managers might encounter. This also includes any unique sites that are currently
unregulated and may present risks to public health.

Included: Risks from microorganisms, cyanobacteria and algae, free-living
microorganisms, chemical hazards.

Excluded:

¢ Risks from sun, heat and cold and other physical hazards associated with
recreational water (e.g. drowning, animal attacks)

e Risks associated with exposure to foodstuffs collected from recreational water
or its surroundings;

o Risks associated with ancillary facilities that are not part of the recreational
water environment other than risks that may affect water quality (e.g. toilet
facilities in adjacent areas are not considered unless these need to be
managed to minimise contamination of the recreational water body);

¢ Adverse health effects that are not caused by recreational water quality (e.g.
seasickness, the ‘bends’);

¢ Risks from sand/soil around recreational water bodies (unless disturbances of
sand/soil affects water quality); however, the risk management framework
should include assessment of these risks.
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Appendix 2 - Definitions of Uses and Users of
Recreational Water

Recreational water:

Included: Any natural or artificial water bodies without a chlorine disinfectant residual
that might be used for recreating including coastal, estuarine and freshwater
environments. Includes public, private, commercial and non-commercial recreational
water sites. Includes unique unregulated sites such as wave pools, ocean- or river-fed
swimming pools, artificial lagoons and water ski parks.

Excluded: Aquatic facilities using chemical disinfection including swimming pools,
spas, splash parks, ornamental water sites.

Recreational water use:

Included: Any designated or undesignated activity relating to sport, pleasure and
relaxation that involves whole body contact or incidental exposure (through any
exposure route) to recreational water (e.g. swimming, diving, boating, fishing)

Excluded: Consuming the catch from fishing or foodstuffs collected from recreational
water or its surroundings. Therapeutic uses of waters (e.g. hydrotherapy pools).
Occupational exposure.

Recreational water users:
Recreators or users of recreational water bodies including:

e the general public including all relevant life stages, ages and states of health
other than persons that are explicitly advised to avoid such activities (e.g. for
specific medical conditions)

e tourists

e specialist sporting users (e.g. athletes, anglers, kayakers, divers, surfers)

e any groups that may have high exposures to recreational water.

Target audience of the Guidelines:

The Guidelines are intended for end users that will implement the Guidelines
(government agencies, local councils, private recreational water managers); however,
it is anticipated that there will also be significant public interest. It is anticipated that
tailored guidance (e.g. plain English fact sheets or summaries) will be developed for
specific groups where necessary.
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Appendix 3 - List of existing recreational
water quality guidelines/reports supplied by

RWQAC

Existing
recreational
water
guidelines
/reports

NHMRC

MoE (NZ)

OEH NSW 2011

EPA Victoria

US EPA

State of Hawaii

Releva
nce

1<

1<

1<

1<

1<

1<

Adopt/adapt suggestions

Recreational guidelines 2008

Gaps regarding diffuse sources of faecal contamination (and animal sources)

MoE 2003. New Zealand guidelines 2003
https://www.mfe.govt.nz/publications/fresh-water/microbiological-water-quality-
guidelines-marine-and-freshwater-0

Contains guidelines relevant to freshwater

MOoE 2018. Regional information for setting draft targets for swimmable lakes and
rivers A report on work underway to improve water quality in terms of effects on
human health
https://www.mfe.govt.nz/sites/default/files/media/Fresh%20water/Regional%20in
formation%20for%20setting%20draft%20targets%20for%20swimmable%20lakes%
20and%20rivers-final.pdf

Catchment wide approach

OEH NSW, 2011. Protocol for assessment and management of microbial risks in
recreational waters. Office of Environment & Heritage, NSW, Sydney.
Provides a simple template for sanitary inspections

Pending publication related to QMRA study in Port Phillip Bay, Victoria

Provides a simplified adaptation of sanitary inspection template from OEH NSW
2011

Provides key assumptions for a QMRA model (volume of ingestion, dose-response
models, probability of getting ill when infected, etc.)

Results will also be published in peer-reviewed articles (journals TBC)

U.S. EPA 2005. The EMPACT Beaches Project: results from a study on
microbiological monitoring in recreational waters. National Exposure Research
Laboratory, Office of Research and Development, United States Environmental
Protection Agency, Cincinnati, Ohio.

USEPA 2012. Recreational Water Quality Criteria. U.S. Environmental Protection
Agency, Office of Water, Washington, DC. EPA 820-F-12-058 Available at:
https://www.epa.gov/sites/production/files/2015-10/documents/rwqc2012.pdf
U.S. EPA 2010. Quantitative Microbial Risk Assessment to Estimate Iliness in Fresh
water Impacted by Agricultural Animal Sources of Fecal Contamination. EPA 822-R-
10-005. Available at:
http://water.epa.gov/scitech/swguidance/standards/criteria/health/recreation/upl
0ad/P4-QMRA508.pdf

US EPA, 2010. Comparison and Evaluation of Epidemiological Study Designs of
Health Effects Associated with Recreational Water Use.

US EPA, 2014. Microbial Risk Assessment (MRA) Tools, Methods and Approaches
for Water Media. US EPA Office of Water, Washington DC.

US EPA, 2016. 2016 Coliphage Experts Workshop: Discussion Topics and Findings
No. EPA 823-F-16-001. Washington D.C.

Review evidence of risks related to agriculture sources of faecal contamination and
tools for monitoring and risk assessment

State of Hawaii Water Quality Standards, 2014. Available at:
https://health.hawaii.gov/cwb/files/2013/04/Clean_Water Branch HAR 11-

54 20141115.pdf
Catchment-wide approach to recreational water quality with water quality
certification

Beach report available at:
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Existing
recreational

Releva

water

. nce
guidelines
/reports
WHO Y
enHealth, 2012. Y
NRMM 2006 Y
Health Canada v

2012

Adopt/adapt suggestions

http://www.beachapedia.org/State of the Beach/State Reports/HI/Water Qualit
y#ldentifying Sources of Contamination_in_Nawiliwili_Bay and Hanalei Bay
Tiered approach to monitoring and identification of contamination sources

WHO, 2003. Guidelines for Safe Recreational-water Environments, Coastal and
Fresh-waters, vol. 1. World Health Organization, Geneva.

Revision underway.

WHO, 2016. Quantitative Microbial Risk Assessment: Application for Water Safety
Management. World Health Organization, Geneva
https://www.who.int/water_sanitation health/publications/srwel/en/

Describes tiered risk assessment approach to assess to water quality with examples
in various settings

Environmental health risk assessment: - Guidelines for assessing human health risks
from environmental hazards. Commonwealth of Australia

Australian Guidelines for water recycling: Managing health and environmental risks
(Phase 1). Natural Resource Management Ministerial Council, Environment
Protection and Heritage Council, Australian Health Minister’s Conference,
Canberra, Australia.

Provide dose-response models and approach to risk assessment.

Recent review should be finalised soon

Health Canada 2012. Guidelines for Canadian Recreational Water Quality, Third
Edition. Water, Air and Climate Change Bureau, Healthy Environments and
Consumer Safety Branch, Health Canada, Ottawa, Ontario.

Provides good information on indicators and gaps in knowledge. Good descriptions
of science based evidence to develop guidelines.
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Appendix 4 - List of key publications supplied
by RWQAC

All articles treating microbial water quality and risk in Volume 44 of Water Research (2010)
dedicated to recreational waters

Abdelzaher A. M. et al 2011. Daily measures of microbes and human health at a non-point
source marine beach. Journal of Water & Health 9(3):443-457.

Ahmed W. et al. 2012. Fecal indicators and zoonotic pathogens in household drinking
water taps fed from rainwater tanks in southeast Queensland, Australia. Applied &
Environmental Microbiology 78:219-226.

Anderson K.L. et al 2005. Persistence and differential survival of feacl indicator bacteria in
subtropical waters and sediments. Applied & Environmental Microbiology 71:3041-
3048.

Araujo S. et al 2014. Gulls identified as major source of fecal pollution in coastal waters: A
microbial source tracking study. Science of the Total Environment 470-471 (2014)
84-91.

Ashbolt N. J. 2019. Flood and Infectious Disease Risk Assessment. In Health in Ecological
Perspectives in the Anthropocene, pp.145-159. DOI: 10.1007/978-981-13-2526-

7 12

Aslan-Yilmaz et al 2004. Bacteriological indicators of anthropogenic impact prior to and
during the recovery of water quality in an extremely polluted estuary, Golden Horn,
Turkey. Marine Pollution Bulletin 49 (11-25) 951-958.

Bambic D.G. et al 2015. Spatial and hydrologic variation of Bacteriodales, adenovirus and
enterovirus in a semi-arid and wastewater effluent-impacted watershed. Water
Research 75:83-94.

Berge, A.C.B. et al 2006. Prevalence and antimicrobial resistance patterns of Salmonella
enterica in preweaned calves from dairies and calf ranches. American Journal of
Veterinary Research 67 (9) 1580-1588.

Bichai F. & Ashbolt N.J., 2017. Public health and water quality management in low-
exposure stormwater schemes: A critical review of regulatory frameworks and
path forward. Sustainable Cities and Society 28:453-465.

Bichai F. & Smeets P.W.M.H., 2013. Using QMRA-based regulation as a water quality
management tool in the water security challenge: Experience from the
Netherlands and Australia. Water Research 47:7315-7326.

Boehm A.B. et al 2009. A sea change ahead for recreational water quality criteria. Journal
of Water & Health 7:9-20.

Bradley G. & Hancock C., 2003. Increased risk of non-seasonal and body immersion
recreational marine bathers contacting indicator microorganisms of sewage
pollution. Marine Pollution Bulletin. 46(6)791-794.

Byappanahalli M.N. et al. 2015. Wildlife, urban inputs, and landscape configuration are
responsible for degraded swimming water quality at an embayed beach. Journal
of Great Lakes Research 41(1):156-163.

Chandrasena, A. et al 2015. Environmental monitoring of waterborne Campylobacter:
evaluation of the Australian standard and a hybrid extraction-free MPN-PCR
method. Frontiers in Microbiology, 6(74).

Cheung L. et al. 2019. Coupling source tracking and QMRA: risks of swimming in beaches
contaminated by diffuse pollution. Abstract book, 20th Symposium on Health-
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nonpoint sources of fecal contamination. Epidemiology 18(1): 27-35.

Colford Jr et al 2012. Using rapid indicators for Enterococcus to assess the risk of illness
after exposure to urban runoff contaminated marine water. Water research, 46(7),
21762186.

Cordero L. et al 2012. Seasonal variations in the risk of gastrointestinal iliness on a
tropical recreational beach. Journal of Water & Health 10(4):579-593.

Costafreda, M. I. et al 2006. Development, evaluation, and standardization of a real-time
TaqgMan reverse transcription-PCR assay for quantification of hepatitis A virus in
clinical and shellfish samples. Applied and environmental microbiology, 72(6),
3846-3855.

Deere D. & Rooney G., 2013. QMRA of the Yarra River: Phase 3, upper Yarra,
Warrandyte to Warburton by Water Futures Pty Ltd. Document Version 3.

Deere D. et al 2015. Microbial indicators and objectives review for Victoria's State
Environment Protection Policy (Waters). Report.

Dorevitch S. et al 2011. Water ingestion during water recreation. Water Research
45(5):2020-2028.

Dufour A.P. et al 2006. Water ingestion during swimming activities in a pool: a pilot study.
Journal of Water & Health 4(4):425-430.

Dufour, A. P. et al 2017. Ingestion of swimming pool water by recreational swimmers.
Journal of Water and Health, 15(3): 429-437.

EPA Victoria, Quantitative Microbial Risk Assessment (QMRA) for assessing risks to
recreational users in Port Phillip Bay. Technical report. December 2019

Fewtrell L & Kay D 2015, ‘Recreational Water and Infection: A Review of Recent Findings’,
Current Environmental Health Reports, vol. 2, pp. 85-94.

Fleisher, .M. 2010. The BEACHES Study: health effects and exposures from non-point
source microbial contaminants in subtropical recreational marine waters.
International journal of epidemiology, 39(5), 1291-1298.

Fong, T.T. et al 2010. Quantitative detection of human adenoviruses in wastewater and
combined sewer overflows influencing a Michigan river. Applied & Environmental
Microbiology 76(3): 715-723.

Garthright, W. E., & Blodgett, R. J. 2003. FDA's preferred MPN methods for standard,
large or unusual tests, with a spreadsheet. Food Microbiology, 20(4), 439-445.

Griffith, J. F. et al 2016. Epidemiologic evaluation of multiple alternate microbial water
quality monitoring indicators at three California beaches. Water Research 94:371-
381.

Goh S. G. et al. 2019. Occurrence of microbial indicators, pathogenic bacteria and viruses
in tropical surface waters subject to contrasting land use. Water Research
150:200-215

Guber A. et al 2006. Rainfall-induced release of fecal coliforms and other manure
constituents: comparison and modelling. Applied & Environmental Microbiology
72:7531-9.

Haas C.N. et al 2014. Quantitative Microbial Risk Assessment. Second Edition . J. Wiley
and Sons.

Research Protocols for Narrative Reviews in support of NHMRC Recreational Water Quality
Guidelines: Microbial Risks

Ecos Environmental Consulting Pty Ltd
1344-2020 34



Haramoto E. et al 2012. Genogroup distribution of F-specific coliphages in wastewater and
river water in the Kofu basin in Japan. Letters in Applied Microbiology. 54:367-
373.

Haramoto E et al 2006. Seasonal profiles of human noroviruses and indicator bacteria in a
wastewater treatment plant in Tokyo, Japan. Water Science & Technology 54(11-
12): 301-308.

Harder R. et al 2016. Using quantitative microbial risk assessment and life cycle
assessment to assess management options in urban water and sanitation
infrastructures: opportunities and unresolved issues. Microbial Risk Analysis. doi:
10.1016/j.mran.2016.11.004.

Haugland R.A. et al 2005. Comparison of Enterococcus measurements in freshwater at
two recreational beaches by quantitative polymerase chain reaction and
membrane filter culture analysis. Water Research 39:559 —568.

He J.W. & Jiang S., 2005. Quantification of enterococci and human adenoviruses in
environmental samples by real-time PCR. Applied & Environmental Microbiology
71(5):2250-2255.

Henry R et al. 2015, Environmental monitoring of waterborne Campylobacter: evaluation
of the Australian standard and a hybrid extraction-free MPN-PCR method,
Frontiers in Microbiology vol. 6, issue 74.

Henry, R. et al 2016. Effect of environmental parameters on pathogen and faecal indicator
organism concentrations within an urban estuary. Estuarine, Coastal and Shelf
Science 174(Supplement C): 1826.

Ibekwe A.M. & Grieve C.M., 2003. Detection and quantification of Escherichia coli
0157:H7 in environmental samples by real-time PCR. Journal of Applied
Microbiology 94:421-431.

Ishii S. et al 2007. Presence and growth of naturalized Escherichia coli in temperate soils
from Lake Superior watersheds. Applied & Environmental Microbiology 72(1):
612—-621.

Jothikumar, N. 2009. Broadly reactive TagMan® assay for real-time RT-PCR detection of
rotavirus in clinical and environmental samples. Journal of Virological Methods,
155(2), 126-131.

Katayama H. et al 2008. One-year monthly quantitative survey of noroviruses,
enteroviruses, and adenoviruses in wastewater collected from six plants in Japan.
Water Research 42(6-7):1441-1448

Kay D. et al 2005. Sustainable reduction in the flux of microbial compliance parameters
from urban and arable land use to coastal bathing waters by a wetland ecosystem
produced by a marine flood defence structure. Water Research 39(14):3320-3332.

Kay, D. et al 2004. Derivation of numerical values for the World Health Organization
guidelines for recreational waters. Water Research, 38(5), 1296-1304.

Korajkic A. et al. 2018. Extended persistence of general and cattle-associated fecal
indicators in marine and freshwater environment. Science of the Total
Environment. doi:10.1016/j.scitotenv.2018.09.108

Kundu, A., et al 2013. Adenovirus-associated health risks for recreational activities in a
multi-use coastal watershed based on site-specific quantitative microbial risk
assessment. Water Research, 47(16): 6309-6325.

La Rosa et al 2009. Quantification of Norovirus genogroups | and Il in environmental and
clinical samples using Tagman Real-Time RT-PCR. Food and Environmental
Virology, 1(1), 15-22.Glantz and Slinker 2001

Research Protocols for Narrative Reviews in support of NHMRC Recreational Water Quality
Guidelines: Microbial Risks

Ecos Environmental Consulting Pty Ltd
1344-2020 35



Lee C et al 2013. Development and application of a quantitative PCR assay targeting
Catellicoccus marimammalium for assessing gull-associated fecal contamination
at Lake Erie beaches. Science of the Total Environment 454—455:1-8.

Lemarchand K. & Lebaron P., 2003. Occurrence of Salmonella spp. and Cryptosporidium
spp. in a French coastal watershed: relationship with fecal indicators. FEMS
Microbiology Letters 218(1):203-209.

Lepesteur M. et al 2006. Do we all face the same risk when bathing in the estuary? Water
Research 40(14):2787-2795

Lin B. et al 2008. Predicting faecal indicator levels in estuarine receiving waters - An
integrated hydrodynamic and ANN modelling approach. Environmental Modelling
and Software 23:729-740.

Lodder W.J. & de Roda Husman A.M., 2005. Presence of noroviruses and other enteric
viruses in sewage and surface waters in The Netherlands. Applied &
Environmental Microbiology 71(3):1453-1461.

Lucena F. et al 2003. Occurrence and densities of bacteriophages proposed as indicators
and bacterial indicators in river waters from Europe and South American Journal
of Applied Microbiology 94: 808—815.

Lu J. et al 2011. Distribution and potential significance of a gull fecal marker in urban
coastal and riverine areas of southern Ontario, Canada. Water Research
45:3960-3968.

Lu J. et al 2013. Molecular Detection of Campylobacter spp. and Fecal Indicator Bacteria
during the Northern Migration of Sandhill Cranes (Grus canadensis) at the Central
Platte River. Applied & Environmental Microbiology. 79(12):3762-3769.

Mara D., 2011. Water- and wastewater-related disease and infection risks: what is an
appropriate value for the maximum tolerable additional burden of disease?
Journal of Water & Health 9(2):217-224.

McBride, G. B. et al 2013. Discharge-based QMRA for estimation of public health risks
from exposure to stormwater-borne pathogens in recreational waters in the United
States. Water Research, 47(14): 5282-5297.

McCarthy D.T., 2017. Epidemiological evidence between water quality measures and
illnesses in bathers of marine waters. Report for EPA Victoria.

McCuin R.M. & Clancy J.L., 2006. Occurrence of Cryptosporidium oocysts in US
wastewaters. Journal of Water & Health 4(4):437-452.

McLellan S., 2004. Genetic diversity of Escherichia coli isolated from urban rivers and
beach water. Applied & Environmental Microbiology 70:4658—65.

McMinn B.R. et al 2017. Bacteriophages as indicators of fecal pollution and enteric virus
removal. Letters in Applied Microbiology. DOI:10.111/lam.12736.

McMinn, B.R. et al 2014. Evaluation of Bacteroides fragilis GB-124 bacteriophages as
novel human-associated faecal indicators in the United States. Letters in Applied
Microbiology 59:115-121.

McQuaig S.M. et al 2009. Quantification of human poliomaviruses JC virus and BK virus
by Tagman quantitative PCR and comparison to other water quality indicators in
water and fecal samples. Applied and Environmental Microbiology. 75:3379-3388.

Medema G.J. et al 2009. Risk assessment of Cryptosporidium in drinking water. WHO,
Geneva.

Medema G. et al 2006. Quantitative microbial risk assessment in the water safety plan.
Final report on the EU MicroRisk Project, Brussels: European Commission.

Research Protocols for Narrative Reviews in support of NHMRC Recreational Water Quality
Guidelines: Microbial Risks

Ecos Environmental Consulting Pty Ltd
1344-2020 36



Messner M.J. et al 2014. Fractional Poisson — A single dose-response model for human
norovirus. Risk Analysis 34:1820-1829.

Messner, M. J. & P. Berger 2016. Cryptosporidium Infection Risk: Results of New Dose-
Response Modeling. Risk Analysis, 36(10): 1969-1982.

Murphy, H. M., et al 2017. Current Stormwater Harvesting Guidelines Are Inadequate for
Mitigating Risk from Campylobacter During Non-Potable Reuse Activities.
Environmental Science & Technology, 51(21): 12498-12507.

NRC, 2004. Indicators for Waterborne Pathogens. The National Academies. National
Research Council. The National Academies Press, Washington, DC.

Pusch D., Oh D.Y., Wolf S., Dumke R., Schroter-Bobsin U., Hohne M., Roske I., Schreier
E., 2005. Detection of enteric viruses and bacterial indicators in German
environmental waters. Archives of Virology 150(5):929-947.

Rezaeinejad S. et al 2014. Surveillance of enteric viruses and coliphages in a tropical
urban catchment. Water Research 58:122-131.

Rosario K. et al 2009. Metagenomic analysis of viruses in reclaimed water. Environmental
Microbiology 11(11):2806-2820.

Roser D.J. et al 2006. Microbial exposure assessment of an urban recreational lake: a
case study of the application of new risk-based guidelines. Water Science &
Technology 54(3):245-252.

Roser D.J. et al 2007. Application of TMDL and risk assessment principles for pathogen
management at an urban recreational lake. Watershed management to meet
water quality standards and TMDLs, 4t Conference Proceedings, March 10-14,
2007, San Antonio Texas, pp. 420-426, The American Society of Agricultural and
Biological Engineers (ASABE), Stephenville, Texas.

Sanchez-Nazario E. E. et al 2014. Prospective epidemiological pilot study on the morbidity
of bathers exposed to tropical recreational waters and sand. Journal of Water &
Health 12(2):220-229.

Santiago-Rodriguez T.M. et al 2013. Characterization of Enterococcus faecalis-infecting
phages (enterophages) as markers of human fecal pollution in recreational waters.
Water Research 44:4716-4725.

Santo Domingo J.W. & Edge T.A., 2010. Identification of primary sources of faecal
pollution. In: Rees G, Pond K, Ka D, BartramJ, Santo Domingo J, editors. Safe
management of shellfish and harvest waters. World Health Organization (WHO).
London, U.K: IWA Publishing; pp. 51-90.

Schang C., H. et al. 2019. Health risks of swimming in beaches contaminated by non-point
pollution sources: a case study of three Melbourne beaches. Abstract book, 20th
Symposium on Health-Related Water Microbiology (HRWM) Vienna, Austria (15-
20 September 2019), pp. 29.

Schmidt, P. J. et al 2013. Harnessing the theoretical foundations of the exponential and
beta-Poisson dose-response models to quantify parameter uncertainty using
Markov Chain Monte Carlo. Risk Analysis 33(9): 1677-1693.

Schoen M.E. et al 2011. Evaluating the importance of faecal sources in human-impacted
waters. Water Research 45:2670-2680.

Sinclair R.G. et al 2009. Viruses in recreational water-borne disease outbreaks: a review.
Journal of Applied Microbiology 107:1769-1780.

Soller J.A. et al 2003. Risk-based approach to evaluate the public health benefit of
additional wastewater treatment. Environmental Science & Technology
37(9):1882.

Research Protocols for Narrative Reviews in support of NHMRC Recreational Water Quality
Guidelines: Microbial Risks

Ecos Environmental Consulting Pty Ltd
1344-2020 37



Soller J.A. et al 2006. A public health evaluation of recreational water impairment. Journal
of Water & Health 4(1):1-19.

Soller J.A. et al 2015. Estimated human health risks from recreational exposure to
stormwater runoff containing animal faecal material. Environmental Modelling &
Software 72:21-32.

Soller, J. A. et al 2017. Incidence of gastrointestinal illness following wet weather
recreational exposures: Harmonization of quantitative microbial risk assessment
with an epidemiologic investigation of surfers. Water Research, 121, 280-289.

Sunger N. et al. 2018. Comparison of pathogen-derived ‘total risk’ with indicator-based
correlations for recreational (swimming) exposure. Environmental Science and
Pollution Research. doi.org/10.1007/s11356-018-1881-x

Staley C. et al 2012. Performance of two human-associated microbial source tracking
gPCR methods in various Florida water types and implications for microbial risk
assessments. Applied & Environmental Microbiology 78:7317-26.

Teunis P. et al 2004. Dose-response for infection by Escherichia coli O157:H7 from
outbreak data. Risk Analysis 24(2):401-407.

Teunis, P. et al 2005. A reconsideration of the Campylobacter dose-response relation.
Epidemiology & Infection, 133(4): 583-592.

Teunis P.F.M. et al 2008. Hierarchical dose-response of E. coli O157:H7 from human
outbreaks incorporating heterogeneity in exposure. Epidemiology & Infection
136:761-770.

Teunis, P.F. et al 2008. Norwalk virus: how infectious is it? Journal of medical virology,
80(8), pp.1468-1476.

Teunis, P. F. et al 2010. Dose-response modelling of Salmonella using outbreak data.
International Journal of Food Microbiology, 144(2): 243-249.

Teunis, P. et al 2016. A generalized dose-response relationship for adenovirus infection
and iliness by exposure pathway. Epidemiology & Infection, 144(16): 3461-3473.

Till D. et al 2008. Large-scale freshwater microbiological study: rationale, results and risks.
Journal of Water and Health 6(4):443-460.

US EPA 2005. Method 1623: Cryptosporidium and Giardia in Water by Filtration/IMS/FA.
U.S. Environmental Protection Agency, Washington D.C. USA, p. 66. EPA 815-R-
05-002. Available at: https://www.epa.gov/sites/production/files/2015-
07/documents/epa-1623.pdf

US EPA 2009. Final Report: Simultaneous Concentration and Real-time Detection of
Multiple Classes of Microbial Pathogens from Drinking Water. U.S. Environmental
Protection Agency, Office of Water, Washington, DC. Available at:
https://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/display.abstractDetail/a
bstract/8282/re port/F

US EPA 2013. Method 1609: Enterococci in Water by TagMan® Quantitative Polymerase
Chain

Reaction (QPCR) with Internal Amplification Control (IAC) Assay. U.S. Environmental
Protection Agency, Office of Water, Washington, DC. EPA-820-R-13-005.
Available at: https://www.epa.gov/sites/production/files/2015-
08/documents/method_1609 2013.pdf

US EPA (2017 DRAFT). Method 16XX Characterization of Human Fecal Pollution in
Water by TagMan® Quantitative Polymerase Chain Reaction (QPCR) Assay. U.S.
Environmental Protection Agency, Office of Water, Washington, DC.

Research Protocols for Narrative Reviews in support of NHMRC Recreational Water Quality
Guidelines: Microbial Risks

Ecos Environmental Consulting Pty Ltd
1344-2020 38



Van Abel, N. et al 2017. Comparison of risk predicted by multiple norovirus dose—
response models and implications for quantitative microbial risk assessment. Risk
Analysis, 37(2), 245-264.

Van den Akker B. et al 2011. Estimating the risk from sewage treatment plant effluent in
the Sydney catchment area. Water Science & Technology 63(8):1707-1715.

Van Heerden J. et al 2005. Risk assessment of adenoviruses detected in treated drinking
water and recreational water. Journal of Applied Microbiology. 99(4):926-933.

Vergara G.G.R.V. et al 2015. Evaluation of fRNA coliphages as indicators of human
enteric viruses in a tropical urban freshwater catchment. Water Research 79:39-
47.

Vijayavel K. et al 2014. Enterococcus phages as potential tool for identifying sewage
inputs in the Great Lakes region. Journal of Great Lakes Research 40(4):989-993.

Vierhelling J. et al 2013. Clostridium perfringens is not suitable for the indication of fecal
pollution from ruminant wildlife but is associated with excreta from nonherbivorous
animals and sewage. Applied & Environmental Microbiology 79(16):5089-5092.

Wade T.J. et al 2003. Do U.S. Environmental Protection Agency water quality guidelines
for recreational waters prevent gastrointestinal illness? A systematic review and
meta-analysis. Environmental Health Perspectives 111(8): 1102—1109.

Wade T.J. et al 2006. Rapidly measured indicators of recreational water quality are
predictive of swimming-associated gastrointestinal iliness. Environmental Health
Perspectives 114(1):24-28.

Wade T.J. et al 2008. High sensitivity of children to swimming-associated gastrointestinal
illness: results using a rapid assay of recreational water quality. Epidemiology
19(3):375-383.

Wade T.J. et al 2010. Rapidly measured indicators of recreational water quality and
swimming associated illness at marine beaches: a prospective cohort study.
Environmental Health 9:66.

Wiedenmann A. et al 2006. A randomized controlled trial assessing infectious disease
risks from bathing in fresh recreational waters in relation to the concentration of
Escherichia coli, intestinal enterococci, Clostridium perfringens, and somatic
coliphages. Environmental Health Perspectives 114(2): 228—236.

Weir M.H., 2016. Dose-response modelling and use: challenges and uncertainties in
environmental exposure. In: Manual of Environmental Microbiology, fourth ed.
ASM Press.

Weir M.H. et al 2017. Development of a microbial dose response visualization and
modelling application for QMRA modelers and educators. Environmental
Modelling & Software. 88:74-83.

Whelan G. et al 2014. An integrated environmental framework for performing Quantitative
Microbial Risk Assessment. Environmental Modelling & Software 55:77-91.

WHO (2018) WHO recommendations on scientific, analytical and epidemiological
developments relevant to the parameters for bathing water quality in the Bathing
Water Directive (2006/7/EC): Recommendations, Geneva, World Health
Organisation. [online] https://www.who.int/water_sanitation_health/water-
quality/recreational/guidelines-for-safe-recreational-environments/en/.

Wyn-Jones A.P. et al 2011. Surveillance of adenoviruses and noroviruses in European
recreational waters. Water Research 45 (3): 1025-1038.

Xagoraraki, |. et al 2007. Occurrence of human adenoviruses at two recreational beaches
of the great lakes. Applied and Environmental Microbiology, 73(24), 7874-7881.

Research Protocols for Narrative Reviews in support of NHMRC Recreational Water Quality
Guidelines: Microbial Risks

Ecos Environmental Consulting Pty Ltd
1344-2020 39



Yanko W.A. et al 2004. Development of practical methods to assess the presence of
bacterial pathogens in water. Water Environment Research Foundation,
Alexandria, VA.

Zmirou N. et al 2003. Risks Associated with the Microbiological Quality of Bodies of Fresh
and Marine Water Used for Recreational Purposes: Summary Estimates Based on
Published Epidemiological Studies. Archives of Environmental Health.

Research Protocols for Narrative Reviews in support of NHMRC Recreational Water Quality
Guidelines: Microbial Risks

Ecos Environmental Consulting Pty Ltd
1344-2020 40



Appendix 5 - PRISMA 2009 Flow Diagram
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Appendix 6 - CASP (Critical Appraisal Skills Program) Combined query table
. chooscappropriatequerycategoryforpaper |  Paperforappraisal and reference: |

study Diagnostic test Study |Systematic review Qualitative research |Randomised insert name of paper here
Controlled Trial

“- Case control st C

Are the results of the trial valid? Yes Can't Tell No Comments

1 Did the study address a Did the study address a Was there a clear Did the review addressa  Was there a clear Did the study address a
clearly focused issue? clearly focused issue? questionfor the study to clearly focused question?  statement of the aims of  clearly focused issue?

address? the research?

2 Did the authors use an Was the cohort recruited ~ Was there a comparison  Did the authors look for Is a qualitative Was the assignment of
appropriate method to in an acceptable way? with an appropriate the right type of papers?  methodology appropriate? patients to treatments
answer their question? reference standard? randomised?

3 Were all of the patients
who entered the trial
properly accounted for at
its conclusion?

Is it worth continuing? Yes Can'tTell No Comments

3 Were the cases recruited ~ Was the exposure Did all patients get the Do you think all the Was the research design
in an acceptable way? accurately measured to diagnostic test and important, relevant appropriate to address the

minimise bias? reference standard? studies were included? aims of the research?

4 Were the controls selected Was the outcome Could the results of the Did the review’s authors ~ Was the recruitment Were patients, health

in an acceptable way? accurately measured to test have been influenced  do enough to assess strategy appropriate to workers and study
minimise bias? by the results of the quality of the included the aims of the research?  personnel ‘blind” to
reference standard? studies? treatment?

5 Was the exposure (a) Have the authors Is the disease status of the If the results of the review Was the data collected in  Were the groups similar at
accurately measured to identified all important tested population clearly  have been combined, was a way that addressed the  the start of the trial
minimise bias? confounding factors? described? it reasonable to do so? research issue?

5 (b) Have they taken

account of the
confounding factors in the
design and/or analysis?

6 (a) Aside from the (a) Was the follow up of ~ Were the methods for Has the relationship Aside from the
experimental intervention, subjects complete performing the test between researcher and  experimental intervention,
were the groups treated  enough? described in sufficient participants been were the groups treated
equally? detail? adequately considered? equally?

6 (b) Have the authors taken (b} Was the follow up of

account of the potential
confounding factors in the
design and/or in their
analysis?

subjects long enough?
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Choose appropriate query category for paper

“- ase control study |Cohort study D stic test Study |Systematic review

Ell
Section B [N R A Y N U U N ——

What are the results? Yes Can'tTell No Comments
6 What are the overall
results of the review?
7 How large was the What are the results of What are the results? How precise are the Have ethical issues been  How large was the
treatment effect? this study? results? taken inte consideration?  treatment effect?
8 How precise was the How precise are the How sure are we about Was the data analysis How precise was the
estimate of the treatment  results? the results? Consequences sufficiently rigorous? estimate of the treatment
effect? and cost of alternatives effect?
performed?
9 Do you believe the results? Do you believe the results? Is there a clear statement
of findings?
/| | [/ [ | | [
Will the results help locally? Yes Can't Tell No Comments
8 Can the results be applied
to the local population?
9 Can the results be applied Were all important Can the results be applied
to your patients/the outcomes considered? to the local population, or
population of interest? in your context?
10 Can the results be applied  Can the results be applied  Can the test be applied to  Are the benefits worth the How valuable is the Were all clinically
to the local population? to the local population? your patient or population harms and costs? research? important outcomes
of interest? considered?
11 Do the results of this study Do the results of this study Were all outcomes Are the benefits worth the
fit with other available fit with other available important to the individual harms and costs?
evidence? evidence? or population considered?
12 What are the implications  What would be the impact

of this study for practice?  of using this test on your
patients/population?

Referencing: Critical Appraisal Skills Programme (2018). CASP (insert name of checklist i.e. Case Control Study) Checklist. [online] Available at: https://casp-uk.net/casp-tools-checklists/. Accessed: 16 June 2020.

Source: Oxford CTVH (2020)
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Appendix 7 - Study type definitions

Study Type

Case Control
study

Case study

Case series

Cohort study

Cross-over
study/trial

Longitudinal
study

Observational
study

CASP
https://casp-uk.net/glossary/

A case-control study is an epidemiological
study that is used to identify risk factors for a
medical condition. This type of study
compares between two groups of patients,
one with and one without the condition, and
looks back in time to see how the
characteristics of the two groups differ.

A case study is in depth analysis and
systematic description of one patient or group
of similar patients to promote a detailed
understanding of their circumstances.

An observational study in which a group of
people with a particular exposure (e.g. a
putative risk factor or protective factor) and a
group of people without this exposure are
followed over time. The outcomes of the
people in the exposed group are compared to
the outcomes of the people in the unexposed
group to see if the exposure is associated with
particular outcomes (e.g. getting cancer or
length of life).

In a cross-over trial two (or more) treatments
are tested one after another in the same
group of patients. Generally, the order in
which each patient receives the treatments is
decided by chance.

A study of the same group of people at more
than one point in time. (This type of study
contrasts with a cross-sectional study, which
observes a defined set of people at a single
point in time.)

In research about diseases or treatments, this
refers to a study in which nature is allowed to
take its course. Changes or differences in one
characteristic (e.g. whether or not people
received a specific treatment or intervention)
are studied in relation to changes or
differences in other(s) (e.g. whether or not
they died), without the intervention of the
investigator. There is a greater risk of
selection bias than in experimental studies.

Cochrane

More study design definitions at
https://community.cochrane.org/glossary

A study that compares people with a specific disease
or outcome of interest (cases) to people from the
same population without that disease or outcome
(controls), and which seeks to find associations
between the outcome and prior exposure to
particular risk factors. This design is particularly
useful where the outcome is rare and past exposure
can be reliably measured. Case-control studies are
usually retrospective, but not always.

A study reporting observations on a single individual.

A study reporting observations on a series of
individuals, usually all receiving the

same intervention, with no control group.

An observational study in which a defined group of
people (the cohort) is followed over time.

The outcomes of people in subsets of this cohort are
compared, to examine people who were exposed or
not exposed (or exposed at different levels) to a
particular intervention or other factor of interest.

A prospective cohort study

assembles participants and follows them into the
future. A retrospective (or historical) cohort study
identifies subjects from past records and follows
them from the time of those records to the present.
Because subjects are not allocated by the
investigator to different interventions or other
exposures, adjusted analysis is usually required to
minimise the influence of other factors
(confounders).

A type of clinical trial comparing two or

more interventions in which the participants, upon
completion of the course of one treatment, are
switched to another. For example, for a comparison
of treatments A and B, the participants are randomly
allocated to receive them in either the order A, B or
the order B, A. Particularly appropriate for study of
treatment options for relatively stable health
problems. The time during which the

firs interventions is taken is known as the first
period, with the second intervention being taken
during the second period.

A study in which the investigators do not seek to
intervene, and simply observe the course of events.
Changes or differences in one characteristic (e.g.
whether or not people received the intervention of
interest) are studied in relation to changes or
differences in other characteristic(s) (e.g. whether or
not they died), without action by the investigator.
There is a greater risk of selection bias than

in experimental studies.
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Study Type

Prospective
study

Randomised
Controlled
Trial

CASP
https://casp-uk.net/glossary/

This is a measure of the proportion of people
in a population who have a disease at a point
in time, or over some period of time.

Randomised controlled trial (RCT) is a trial in
which participants are randomly assigned to
one of two or more groups: the experimental
group or groups receive the intervention or
interventions being tested; the comparison
group (control group) receive usual care or no
treatment or a placebo. The groups are then
followed up to see if there are any differences
between the results. This helps in assessing
the effectiveness of the intervention.

Cochrane

More study design definitions at
https://community.cochrane.org/glossary

In evaluations of the effects of

healthcare interventions, a study in which people
are identified according to current risk status or
exposure, and followed forwards through time to
observe outcome. Randomised controlled trials are
always prospective studies. Cohort studies are
commonly either prospective or retrospective,
whereas case-control studies are usually
retrospective. In Epidemiology, 'prospective study’ is
sometimes misused as a synonym for cohort study.
An experiment in which two or more interventions,
possibly including a control intervention or no
intervention, are compared by being randomly
allocated to participants. In most trials one
intervention is assigned to each individual but
sometimes assignment is to defined groups of
individuals (for example, in a household) or
interventions are assigned within individuals (for
example, in different orders or to different parts of
the body).
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Appendix 8 - Risk of bias assessment tool for

individual studies

Risk of bias assessment tool for individual studies (adapted from OHAT RoB tool

—see Table 5 in OHAT Handbook for details on relevant questions for each study

type)
Study ID:
Study Type:

Selection bias

Was administered dose or exposure level adequately
randomized?

Was allocation to study groups adequately concealed?
Did selection of study participants result in appropriate
comparison groups?

Cofounding bias

Did the study design or analysis account for important
confounding and modifying variables?*

Performance Bias

Were experimental conditions identical across study
groups?

Were the research personnel and human subjects
blinded to the study group during the study?
Attrition/Exclusion Bias

Were outcome data complete without attrition or
exclusion from analysis?

Detection Bias

Can we be confident in the exposure characterization? *

Can we be confident in the outcome assessment? *
Selective Reporting Bias

Were all measured outcomes reported? *

Other Sources of Bias

Were there no other potential threats to internal validity

(e.g., statistical methods were appropriate and
researchers adhered to the study protocol)?*

Yes/No

Unknown Notes

N/A

Risk of
bias rating

(d-141+4)

*Key questions for all study types (including any non-human or non-animal studies like monitoring or modelling data)

Risk of bias rating:

Definitely low risk of -- [Probably low risk of
bias (--) bias (-)

Probably high risk of
bias (+)

Definitely high risk of
bias (++)
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Appendix 9 - Overall risk of bias (body of evidence by study type)

Overall risk of bias (body of evidence by study type) (adapted from OHAT Handbook) (example)

Research Question: e.g. What is the risk to human health
from microbial sources in recreational water?
Outcome: e.g. gastrointestinal illnesses

Risk of Bias Question

Randomization

Allocation concealment
Confounding (design/analysis)
Unintended exposure

Identical experimental conditions
Adhere to protocol

Blinding of researchers during study

Missing outcome data

Assessment of confounding variables

Exposure characterization
Outcome assessment
Blinding of outcome assessors
Outcome reporting

Key:

Definitely low risk of bias
Probably low risk of bias
Probably high risk of bias
Definitely high risk of bias

Study 1

+

Study 2

+

Study 3

Case report

Study 4
Study 5
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Appendix 10 - Summary of findings - body of evidence

Summary of findings — body of evidence (adapted from OHAT Handbook)

Body of Risk of bias  Unexplained Indirectness Imprecision Publication Magnitude of
evidence inconsistency bias effect
Evidence Serious, not  Serious, not Serious or not Serious, not Detected, Large, not
stream or study serious, serious, not serious serious, undetected, large, unknown
type unknown applicable unknown unknown
(# studies) Discuss use of Describe
initial certainty Describe Describe results in upstream Discuss ability  Discuss factors magnitude of
rating trends, key  terms of indicators or to distinguish  that might response
questions, consistency, populations with  treatment from indicate
issues explain apparent less relevance, any control, publication bias
inconsistency (if it time-related describe (e.g., funding,
can be explained) exposure confidence lag)
considerations intervals (if
(see OHAT RoB available)
tool)

Research question: e.g. What are the risks to human health from microbial sources in recreational water exposure?
Outcome 1. e.g gastrointestinal illness

e.g. human

case control

studies

(5 studies)

Low to

moderate

certainty

Outcome 2:

Dose Residual
Response confounding

Yes, no, Yes, no, unknown
unknown

Address whether
Outline there is evidence

evidence for that confounding
or against would bias

dose toward null
response
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Consistency across
species/model

Yes, no, not
applicable (NA)

Describe cross-
species, model, or
population
consistency

Other reason to Final certainty

increase rating

confidence?

Yes or no High, moderate or
low

Describe any

other factors List reasons for
that increase downgrading or
confidencein  upgrading

the results



Appendix 11 - Administrative and technical criteria for assessing existing guidance
or reviews

Administrative and technical criteria for assessing existing guidance or reviews
Criteria have been colour-coded to assess minimum requirements as follows: ‘Must have’, ‘Should have’ or ‘May have’

Criteria Y/N/?/NA Notes
Overall guidance/advice development process
Are the key stages of the organisation’s advice development processes compatible with Australian
processes?
Are the administrative processes documented and publicly available?

Was the work overseen by an expert advisory committee? Are potential conflicts of interest of
committee members declared, managed and/or reported?

Are funding sources declared?

Was there public consultation on this work? If so, provide details.

Is the advice peer reviewed? If so, is the peer review outcome documented and/or published?
Was the guidance/advice developed or updated recently? Provide details.

Evidence review parameters

Are decisions about scope, definitions and evidence review parameters documented and publicly
available?

Is there a preference for data from studies that follow agreed international protocols or meet
appropriate industry standards?

Does the organisation use or undertake systematic literature review methods to identify and select
data underpinning the advice? Are the methods used documented clearly?

If proprietary/confidential studies or data are considered by the agency, are these appropriately
described/recorded?

Are inclusion/exclusion criteria used to select or exclude certain studies from the review? If so, is
justification provided?

Does the organisation use or adopt review findings or risk assessments from other organisations?
What process was used to critically assess these external findings?

Can grey literature such as government reports and policy documents be included?

Is there documentation and justification on the selection of a toxicological endpoint for use as
point of departure for health-based guideline derivation?

Evidence search
Are databases and other sources of evidence specified?
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Criteria Y/N/?/NA Notes
Overall guidance/advice development process
Does the literature search cover at least more than one scientific database as well as additional
sources (which may include government reports and grey literature)?

Is it specified what date range the literature search covers? Is there a justification?
Are search terms and/or search strings specified?

Are there any other exclusion criteria for literature (e.g. publication language, publication dates)? If
so, what are they and are they appropriate?

Critical appraisal methods and tools

Is risk of bias of individual studies taken into consideration to assess internal validity? If so, what
tools are used? If not, was any method used to assess study quality?

Does the organisation use a systematic or some other methodological approach to synthesise the
evidence (i.e. to assess and summarise the information provided in the studies)? If so, provide
details.

Does the organisation assess the overall certainty of the evidence and reach recommendations? If
so, provide details.

Derivation of health-based guideline values

Is there justification for the choice of uncertainty and safety factors?

Are the parameter value assumptions documented and explained?

Are the mathematical workings/algorithms clearly documented and explained?

Does the organisation take into consideration non-health related matters to account for feasibility
of implementing the guideline values (e.g. measurement attainability)?

Is there documentation directing use of mechanistic, mode of action, or key events in adverse
outcome pathways in deriving health-based guideline values?

What processes are used when expert judgement is required and applied? Is the process
documented and published?

Is dose response modelling (e.g. BMDL) routinely used?

What is the organisation’s policy for dealing with substances for which a non-threshold mode of
action may be applicable in humans? Has the policy been articulated and recorded?

If applicable: For carcinogens, what is the level of cancer risk used by the organisation to set the
health-based guideline value?
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