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Executive Summary
Background
The National Health and Medical Research Council (NHMRC) commissioned Ecos Environmental Consulting Pty Ltd (Ecos) to conduct this Technical Report as part of a narrative review on chemical hazards in recreational waters that will be used to update the Guidelines for Managing Risks in Recreational Water (NHMRC, 2008) (the Guidelines).
Chemical hazards in recreational waters may arise from a range of point and non-point (diffuse) sources in the catchment area of the particular recreational water body. It is generally considered that exposures to chemical hazards in recreational waters will be low and usually within safe levels (i.e. below guideline levels).  However, for the update to the Guidelines, NHMRC considers it important to determine the current status of evidence for any potential human health risks resulting from exposure to chemical hazards in recreational water. This includes reviewing any site-specific issues that could lead to higher exposures or types of chemical substances that may be problematic in most recreational water use situations. 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
Methods
The review process followed a research protocol methodology developed specifically for this narrative review (O’Connor, 2020).  The protocol involved a systematic search of several international databases of primary scientific research literature (Scopus, Web of Science, PubMed, Google Scholar) using search strings constructed from an extensive key word list. In addition to primary research literature, a search of grey literature, including existing recreational water quality guidelines and/or reports, was undertaken.  
The search strings were constructed to identify literature citations relevant to a primary research question and three secondary research questions supplied by NHMRC’s Recreational Water Quality Advisory Committee (the Committee).  The primary research question was: 
Are exposures to the following hazards: per- and poly-fluoroalkyl substances (PFAS), pesticides, nanomaterials, hydrocarbons, heavy metals, endocrine-disrupting chemicals (EDCs), surfactants, or combinations thereof, likely to give rise to any significant human health risks given that chemical concentrations in recreational waters are generally low?
The secondary questions were: 
1. What chemicals (that potentially pose a risk to humans) are present at elevated concentrations in recreational waters and what are their sources?
2. What chemicals are of most concern due to their physicochemical properties which may enhance their uptake via dermal, inhalation or ingestion exposure pathways? How can we adjust exposure assumptions for these chemicals?
3. Should the focus be on “hot spots” i.e. site-specific rather than chemical specific, and/or include periodic toxicity screening of sites to complement chemical testing?
To assist in appropriate assessment of the literature, the search results were classified into two broad categories: 
(i) primary studies that were largely peer-reviewed journal articles, and; 
(ii) existing guidelines that were mainly regulatory guidelines or technical guidance publications produced by federal and state agencies in support of regulatory compliance goals. Such literature is also commonly included in the classification “grey literature”. 
The publication date-range for inclusion was from 1 January 2003 to 30 October 2020.
The methodological quality of guidelines was assessed using administrative and technical criteria via an assessment tool provided by NHMRC which was developed based on common domains for assessing guidelines and systematic reviews such as the Appraisal of Guidelines for Research and Evaluation (AGREE) tool.  For primary studies, a critical appraisal of evidence tool was used, which was based on approaches described in the Critical Appraisal Skills Programme (CASP).
As part of the quality assessment, guidelines and primary studies were rated for risk of bias using methods developed from the CASP and the US Office of Health Assessment and Translation (OHAT) risk of bias assessment tool.  This Technical Report contains detailed assessments of each primary study and guideline included in the final list of studies.  These assessments were used to evaluate the body of evidence described in the companion Evidence Evaluation Report.  The Evidence Evaluation Report used a process based on the OHAT approach to using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) system to assess the certainty of the body of evidence from primary studies and permit upgrading or downgrading of the body of evidence, as appropriate.  For existing guidelines, the assessment methodology for the body of evidence drew on the GRADE approach as well as the outcomes of relevance to the primary and secondary research questions.
Results
Searches for grey literature identified 40 documents.  Each document was evaluated for its relevance to the primary and secondary research questions and excluded if not relevant.  This process identified 11 guideline documents relevant to the primary and secondary research questions.  Following quality assessments, 4 documents were considered ineligible on quality grounds, leaving 7 guidelines for evaluation and synthesis.  
For primary studies, search results by database yielded 3523 citations initially. After removal of duplicates the number was 1769.  Further screening for relevancy identified 6 studies. These were assessed for eligibility (quality including risk of bias), which resulted in 3 studies remaining for evaluation and synthesis.
For the 7 guidelines and 3 primary studies eligible for evaluation, data for evaluation was extracted from each document into standard forms developed for the purpose.  The information contained in the quality assessment and data extraction forms was used in the accompanying Evidence Evaluation Report for this narrative review.
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[bookmark: _Toc229135728][bookmark: _Toc106794437]Introduction
[bookmark: _Hlk42172066]The National Health and Medical Research Council (NHMRC) commissioned Ecos Environmental Consulting Pty Ltd (Ecos) to 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 Guidelines).
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 Chemical Hazards.
Ecos developed a research protocol to guide the review of the evidence (O’Connor, 2020). The research protocol sets out the methods to be used for the review including the research questions, population groups, health outcomes of interest, and a structured search and evaluation strategy.  This Technical Report documents the results obtained using the described methods and contains the detail (e.g. lists of search results, pages of search strings, tabulated reviews of key references, lists of excluded studies) that would otherwise make the related Evidence Evaluation Report difficult to read. 

[bookmark: _Toc106794438]Purpose and objectives of review
The purpose of the Chemical Hazards review is to inform the update to information provided in Chapter 9 of the Guidelinesand any relevant sections throughout the rest of the document with respect to the chemical hazards associated with the recreational use of water.  This review, undertaken using a systematic approach, aims to 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.

[bookmark: _Toc106794439][bookmark: _Ref220898354][bookmark: _Toc224621104][bookmark: _Toc229135805]Research Protocol
[bookmark: _Toc106794440]Review Period
Publications published between 1 January 2003 and 30 October 2020 were considered for the review.  Although the existing NHMRC Guidelines were published in 2008, extending the date range back earlier was done to assist in locating any documents that may have been overlooked, have become recognised as being of greater importance since that time or missed the cut-off period during the preparation of the Guidelines.

[bookmark: _Toc106794441]Definitions
In this Technical Report, “Chemical Hazards” refers to risks associated with the contamination of recreational waters by chemical substances including organic compounds (e.g. per- and poly-fluoroalkyl substances, pesticides, hydrocarbons, surfactants), metals, nanoparticles, endocrinedisrupting chemicals. For the purposes of this review, this does not include endotoxins. Endotoxins such as cyanotoxins and algal toxins will be considered in another review commissioned by NHMRC. 
Definitions of types, uses and users of recreational water are given in Appendix 1.

[bookmark: _Toc106794442]Research Question/s
The research questions that form the basis of this review were developed by the NHMRC Recreational Water Quality Advisory Committee (the Committee).  There is one primary question and three secondary questions.
[bookmark: _Toc106794443]Primary question
[bookmark: _Hlk72502865]The primary question is:  Are exposures to the hazards outlined in the PECO Table (Table 2-2) below likely to give rise to any significant human health risks given that chemical concentrations in recreational waters are generally low?
[bookmark: _Ref48638137][bookmark: _Ref48638169][bookmark: _Toc106794444]Secondary questions
[bookmark: _Hlk72502999]The secondary questions are: 
1. What chemicals (that potentially pose a risk to humans) are present at elevated concentrations in recreational waters and what are their sources?
2. What chemicals are of most concern due to their physicochemical properties which may enhance their uptake via dermal, inhalation or ingestion exposure pathways? How can we adjust exposure assumptions for these chemicals?
3. Should the focus be on “hot spots” i.e. site-specific rather than chemical specific, and/or include periodic toxicity screening of sites to complement chemical testing?
[bookmark: _Hlk42771129][bookmark: _Toc106794445][bookmark: _Hlk71721960]Additional commentary and guidance from the Committee
The Committee listed the following topics in relation to chemical hazards in recreational water that may assist in developing responses to the above questions:
· Substances of interest to include:
· Key contaminants of concern in recreational waters;
· Metals and metalloids, halogenated organic compounds and polycyclic aromatic hydrocarbons (PAHs), nutrients, water soluble trace organic contaminants, per- and poly-fluoroalkyl substances (PFAS);
· Other high-risk chemicals and chemical hazards such as sunscreens and nanoparticles;
· Risk assessment methods (including exposure assessment calculations and assumptions);
· Consideration of short, medium- and long-term exposures;
· Consider whether existing aquatic ecosystem health indicators can be used as surrogates for recreational water quality, noting that aquatic organisms are substantially more sensitive to toxicants than humans.  Subsequently, it was decided in discussions with the the Committee that a response to this topic was no longer required since ecosystem health was not necessarily correlated with the presence of pathogens (for example treated outfalls discharging to high energy ocean environments may not prevent a recreational area generally achieving a high ecological score but could be a source of viral pathogens); and
· Consideration of the use of indicator substances for chemical risk assessment and monitoring.
As noted earlier, the primary and secondary research requestions were the focus of the review, however, in responding to those questions, it was understood that consideration of the additional commentary and guidance from the Committee and associated questions, as listed above, would be helpful.

[bookmark: _Ref64282671][bookmark: _Toc106794446]Search Strategy and Selection of Evidence
[bookmark: _Toc106794447]Overview
The specific steps involved in finding and selecting the evidence for review were:
· Preparation of a list of keywords (search terms) (Appendix 3) for approval by the Committee;
· Classification of the list into logical categories related to population, location, study type, property or attribute, method, health outcome, carrier (type of water), exposure pathway (includes split into sub-categories) and source.  The classification was performed to assist in composing search strings;
· Development of search strings based on the keywords and preparing combinations of strings to create search strategies;
· [bookmark: _Hlk64280812][bookmark: _Hlk72502479]Using the composed search strategies to search key life-science literature databases (Scopus, Web of Science, PubMed) and the general technical literature database, Google Scholar;
· [bookmark: _Hlk72502572]In addition to the above literature, a search of grey literature, including existing recreational water quality guidelines and/or reports, was undertaken based on a list provided by the Committee (Appendix 2) plus a search of websites of key international environmental and public health agencies e.g. World Health Organization (WHO), United States Environment Protection Agency (US EPA); 
· Lists of retrieved publications were exported to Microsoft Excel spreadsheets and sorted and filtered based on relevancy and quality, including risk of bias, using methods described in detail in subsequent sections below; and  
· Shortlisted literature was imported from Excel into a bibliographic software package (Zotero) for management of associated PDF documents and for reporting on the results of the literature search.
· The shortlisted literature was subject to further screening during the quality assessment steps (Sections 2.5 and 2.6).
[bookmark: _Toc106794448]Keywords and search strings
An extensive list of keywords relevant to recreational water quality (Appendix 3) was composed and included in the research protocol (O’Connor, 2020), which was approved by the Committee.  To aid in the effectiveness of the search process, the keyword list was classified into logical categories consistent with a risk assessment exposure pathway approach (Table 2‑1).  Categories included were population, location, study type, property or attribute, method, health outcome, carrier (type of water), exposure pathway (includes split into sub-categories) and source.
For each category, search strings composed of a series of keywords that described related sub-categories of items.  Within search strings, keywords were linked by the logical operators “OR” or “AND” as appropriate.  Quotation marks were used to encapsulate keywords that consisted of more than one word.  Certain groups of keywords that were variations of a root term were represented by an asterisk (*), which acted as a wildcard for any of those terms (e.g. gastro* for gastroenteritis, gastrointestinal). 
[bookmark: _Ref42873624][bookmark: _Toc106794540]Table 2‑1.  Keywords, search categories, and search strings
	No.
	Category
	Strings

	1
	Population
	"aboriginal" OR "children" OR "pregnant women" OR "anglers" OR "athletes" OR "children" OR "divers" OR "elderly" OR "immunocompromised" OR "indigenous" OR "kayakers" OR "Torres Strait Islander" OR "tourists"

	2
	Location
	"recreational water" OR "recreational waters" OR coast* OR "dam" OR estuar* OR freshwate* OR "lake" OR "river" OR "saline water" OR beach* OR "water parks" OR "marine" OR "pool" OR "surface water" OR "watershed" OR "catchment" OR "wetland"

	3
	Study Type
	"ambient water quality" OR "analysis" OR "case control study" OR "cohort study" OR "cross-sectional study" OR "diagnostic test study" OR "quantitative risk assessment" OR "randomised controlled trial" OR "systematic review" OR "classification" OR "control" OR "source tracking" OR "recreational guidelines" OR "recreational water quality" OR "standards" OR "water quality" OR "risk" OR "jurisdiction" OR "legislation"

	4
	Property/
Attribute
	"bioaccumulative" OR "persistent" OR "synergism" OR "potentiation" OR "indicator" OR "organic" OR "inorganic" OR "methylated metals" OR "perfluorinated" OR "chemicals" OR "contaminant" OR "endotoxin" OR "antimicrobial resistance" OR "source vulnerability" OR "turbidity" OR "color"

	6
	Method
	"prevention" OR "disability adjusted life year" OR "dose-response"

	7.1
	Outcome 1
	"adverse effects" OR "diarrhea" OR "diarrhoea" OR allerg* OR "fever" OR gastro* OR "hay fever-like" OR "headache" OR "health effects" OR "health outcome" OR "hepatotoxicity" OR "illness" OR "induction of asthma" OR "inhalation-related symptoms" OR neuro*

	7.2
	Outcome 2
	"pneumonia-like symptoms" OR "pruritis" OR "shortness of breath exposure" OR ("skin" AND (rash* OR irritation)) OR "toxic" OR "vomiting" OR (("dermal" OR "eye") AND "irritation") OR "flu-like" OR "health" OR illness* OR "nausea" OR symptom* OR outbreak* 

	8
	Carrier
	"water contamination" OR "water pollution"

	9
	Pathway mode
	"aural" OR dermal* OR "endocrine" OR "endocrine disruptors" OR "ocular" OR "oral"

	10
	Pathway 1
	"exposure" OR "ingestion" OR "inhalation" OR "secondary contact recreation" OR "primary contact recreation" OR "acid mine drainage" OR "outfall" OR "sewage" OR "sewage discharge" OR "sewer overflows" OR "spills" OR "aerosols" OR "industrial discharges" OR "runoff" OR "point source pollution" OR "non-point source pollution" OR "effluent" OR "domestic animals" 

	11.1
	Pathway 2 - Sporting activity
	"angling" OR "bathing" OR ("body-" AND ("boarding" OR "surfing")) OR "boating" OR "canoeing" OR "diving" OR "fishing" OR ("fishing" AND ("canoe" OR "kayak" OR "riverbank" OR "shoreline" OR "wading")) OR "jet skiing" OR "jet-skiing" OR "kayaking" OR kite* 

	11.2
	Pathway 3 - Sporting activity
	"outfall" OR "paddling" OR "parasailing" OR "pentathlon" OR "rowing" OR "sail boarding" OR "sailing" OR "sand" OR "scuba" OR "sea kayaking" OR "snorkelling" OR "spearfishing" OR "sunbathing" OR "surfing"

	11.3
	Pathway 4 - Sporting activity
	"swimmer acquired" OR "swimming" OR "triathlon" OR "wading" OR "wakeboarding" OR "water skiing" OR "water-skiing" OR "water sports" OR "wave-boarding" OR "whitewater canoeing" OR "wind surfing" OR "wind-surfing"

	12
	Source 
	"antibiotics" OR "benzene" OR "BTEX" OR "ethylene" OR "fuel and oil" OR "fuel" OR ("heavy" OR "trace" AND "metals") OR "hydrocarbons" OR microplastic* OR nonylphenol* OR pesticide* OR "PFAS" OR pharmaceutical* OR "sunscreen" OR surfactant* OR "toluene" OR "xylene" OR "zinc oxide" OR nanomaterial* OR nanoparticle* OR "oil and grease" 

	10 -11
	Exposure (10 and 11 combined)
	exposure OR "ingestion" OR "inhalation" OR "secondary contact recreation" OR "primary contact recreation" OR "acid mine drainage" OR "outfall" OR "sewage" OR "sewage discharge" OR "sewer overflows" OR "spills" OR "aerosols" OR "industrial discharges" OR "runoff" OR "point source pollution" OR "non-point source pollution" OR "effluent" OR "domestic animals" OR "angling" OR ("body-" AND ("boarding" OR "surfing")) OR "boating" OR "canoeing" OR "diving" OR "fishing" OR ("fishing" AND ("canoe" OR "kayak" OR "riverbank" OR "shoreline" OR "wading")) OR "jet skiing" OR "jet-skiing" OR "kayaking" OR kite* OR "outfall" OR "paddling" OR "parasailing" OR "pentathlon" OR "rowing" OR "sail boarding" OR "sailing" OR "sand" OR "scuba" OR "sea kayaking" OR "snorkelling" OR "spearfishing" OR "sunbathing (no contact)" OR "surfing" OR "swimmer acquired" OR "swimming" OR "triathlon" OR "wading" OR "wakeboarding" OR "water skiing" OR "water-skiing" OR "water sports" OR "wave-boarding" OR "whitewater canoeing" OR "wind surfing" OR "wind-surfing"



[bookmark: _Ref70088993][bookmark: _Toc106794449]Scientific Literature Databases
The following life science databases were searched for primary research studies: Scopus, Web of Science, and PubMed.  Access to these subscription databases was via Royal Melbourne Institute of Technology University library services.  Using the keywords above, searches were also made of the general technical literature database, Google Scholar.
[bookmark: _Hlk72503065]Literature types
[bookmark: _Hlk70088886]To assist in appropriate assessment of the literature, the search results were classified into two broad categories:
(i) primary studies that were largely peer-reviewed journal articles, and; 
(ii) existing guidelines which were mainly regulatory guidelines or technical guidance publications produced by federal and state agencies in support of regulatory compliance goals. Such literature is also commonly included in the classification “grey literature”, which refers to literature produced by organisations other than conventional academic journal publishers.  
[bookmark: _Toc106794450]Inclusion and exclusion criteria
When conducting the literature search exercise, the criteria for literature inclusion or exclusion were:
· Only studies in English language were included;
· Only studies with human health outcomes were included
· Well-conducted animal studies could be considered if human data was unavailable, however, no such studies were identified in the context of recreational water quality.
· [bookmark: _Hlk72503112]The publication date-range for inclusion was from 1 January 2003 to 30 October 2020;   
· As noted earlier the date range for review was extended back to 2003 which is 5 years prior to the publication of the 2008 NHMRC Guidelines.  Extending the date range back earlier was done to assist in locating any documents that may have been overlooked, have become recognised as being of greater importance since that time or missed the cut-off period during the preparation of the Guidelines;
· Only peer reviewed publications were considered, except for 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) (see Section 2.4.6).  
· It is likely that such documents have undergone a peer-review process, however the process is not always clearly documented;
· Studies of biotoxins e.g. cyanotoxins, endotoxins were excluded as these are being dealt with via the related Cyanobacteria and Algae review being conducted for NHMRC.
· Studies investigating illnesses acquired from chemically treated recreational water (e.g. swimming pools, spas, hot tubs) were excluded as such facilities were beyond the guideline/review scope.
· Studies of health outcomes as a result of domestic exposure (e.g. drinking water or water used for washing) or occupational exposure to natural waters were excluded as they were beyond the guideline/review scope
· Relevancy –  studies irrelevant to the guideline/review scope were excluded, e.g. studies on dental hygiene.
The review considered all studies that involved healthy human subjects of any age who have had recreational exposure to natural waters.  Initially, the review was limited to any developed country (excluding external territories) that was listed as a member of the OECD on the OECD website: (http:// http://www.oecd.org/about/members-and-partners/).  However, since initial search results yielded a very limited selection of studies, the Committee advised that the OECD filter could be dropped to increase the number of studies that could be included for review.
Apart from the exclusions listed above, all other study types were included (e.g. local and international surveys; peer-reviewed publications or government reports or guidelines for indicators).  The resulting list of studies was subject to further screening and filtering based on more refined criteria for quality as described in Section 2.5 below.
[bookmark: _Toc106794451]Validation of search methods
The search strategies were trialled and refined before undertaking the final full searches.  The trialling process involved removal of certain keywords that caused excessive harvesting of literature.  For example, the word “reservoir” was added to the keyword list prior to searching to capture water recreation literature associated with water supply reservoirs.  Unfortunately, the term is widely used in the health literature to denote “reservoirs of infection” and led to excessive harvesting of literature unrelated to the primary and secondary research questions. Hence the term was subsequently removed from the keyword list.
[bookmark: _Ref64294286][bookmark: _Ref70947108][bookmark: _Toc106794452]Grey literature (guidelines)
In addition to the grey literature list provided by the Committee (Appendix 2) and similar literature identified in the scientific literature databases, searches were also undertaken of the websites of the following international organisations:
· British Medical Research Council (MRC)
· 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)
· United States Environment Protection Agency (US EPA)
· World Health Organization (WHO)
It was not possible to search the websites of the above organisations using the search terms and search strings described for the major database searches as these were too long and complicated for the simple search engines associated with each website.  Furthermore, each website held a narrow list of publications that could be more readily accessed using a greatly shortened list of key words.  After some trial and error, the following list was used to search websites of the above organisations: “recreational water”, “bathing water”, “ambient water quality”, “recreational guidelines”, “standards”, and “water quality”.  Search results were focussed on the first 40 titles of reports and documents retrieved in each case.
[bookmark: _Toc106794453]Documentation of search results
Search results were exported to Microsoft Excel spreadsheets and sorted and filtered based on relevancy and quality, including risk of bias.  Search results also recorded which publications were excluded and the justification/criteria for exclusion (Section 7). 
Shortlisted literature was imported from Excel into the bibliographic software package Zotero (www.zotero.org) for management of associated PDFdocuments and for reporting on the results of the literature search.
[bookmark: _Toc106794454][bookmark: _Hlk72248417]Population, Exposure, Comparator, Outcome (PECO) table
A PECO table is a method for constructing a search strategy in a strongly evidence-based approach.  PECO stands for Population, Exposure, Comparator, and Outcomes; factors that need to be defined at the outset to provide pillars for addressing the question(s) being asked (Morgan, Whaley, et al., 2018).
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 2‑2). The PECO table also lists all relevant exposure pathways, comparator populations and health outcomes to be considered.
[bookmark: _Ref43461863][bookmark: _Toc106794541][bookmark: _Hlk63848162]Table 2‑2. Population, Exposure, Comparator, Outcome (PECO) table
	Element
	Criteria

	Population
	The general population was considered, as is the usual case for all NHMRC water guidelines. Individuals with underlying medical conditions aside from general immune suppression were out of scope but the following subgroups were considered as to whether they may require separate guidance in the guidelines:
· Elderly
· Infants and children
· Pregnant women
· Immunocompromised individuals
· Indigenous Australians (Aboriginal and Torres Strait Islander peoples)
· Any groups that might be exposed more frequently e.g. geographic location, socioeconomic status, lifestyle/occupational exposure.
· Sub-groups with unusual exposure patterns making them more susceptible (e.g.  athletes such as regular ocean swimmers and surfers, people or age-groups practicing energetic water-based activities) due to larger volumes of water ingested and/or inhaled, different frequency of exposure, etc.
The review considered all studies that involved healthy human subjects of any age who have had recreational exposure to natural waters.

	Exposure (and comparator)
	Hazards and sources:
	Hazard*
	Sources

	[bookmark: _Hlk72321001]PFAS chemicals (not just regulated ones)
	Military facilities, airports, fire stations and training grounds, sewage treatment plant (STP) effluent & sewer overflows

	Pesticides
	Rural and urban runoff

	Other nanomaterials e.g. zinc oxide nanoparticles in sunscreens
	Industrial discharges, STP effluent, sunscreens

	Hydrocarbons (especially benzene, toluene, ethylbenzene and xylene or BTEX chemicals) and volatiles
	Stormwater, fuel spills 

	Heavy metals (especially methylated)
	Industrial discharges, stormwater, Mine discharges (incl. ‘legacy’ mines)

	Endocrine disrupters
	STP effluent and sewer overflows, animal production runoff

	Surfactants, nonylphenols
	STP discharges

	Possible chemical interactions
	Many. Synergistic interactions of most concern



Endotoxins (Lipopolysaccharide components of gram-negative bacteria cell walls) were included in the initial review list, but after discussion with the Committee it was agreed that such compounds would be more appropriately dealt with via the related Cyanobacterial and Algae review being conducted for NHMRC by Australis Water Consulting Pty Ltd.

Exposure settings –included all exposures to recreational waters as per the definition in Appendix 1.  Specific types of recreational water body and recreational activities are described below.

Recreational water bodies
· Marine:
· beaches from the high tide waterline down
· coastal waters near land and thus influenced by land-based sources
· estuaries, including tidally influenced estuarine beaches
· Freshwater
· Flowing waters (streams, creeks, canals, and rivers)
· Wetlands, lakes and reservoirs
· Beaches on rivers and lakes from the waterline down
Recreational activities
· Type of recreational activities to be covered by degree of contact as defined in the 2008 NHMRC 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).
· 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.
Exclusions
· Studies investigating illnesses acquired from chemically treated recreational water (e.g. swimming pools, spas, hot tubs) will be excluded.
· 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.

Exposure pathways
· Exposure pathways to be considered are oral ingestion of water, inhalation of aerosols and exposure via skin (dermis), eye (ocular) and ear (aural) pathways.  It was expected that the literature with respect to chemical hazards in recreational waters would mainly deal with oral ingestion and dermal exposure with very little material being available on the other pathways.
· Contaminant exposure pathways should not just focus on the water column but also consider surface films and sediments due to the partitioning behaviour of compounds in the environment.
Comparative Populations
· The comparative populations were human populations with:
· No contact with natural waters.
· Different levels of recreational exposure (e.g. no head immersion).
· Recreational exposure to different grades of polluted water.
Before it was confirmed that the number of studies in this field may be very limited, consideration was given to excluding papers that did not report rates of illness in a comparator group since it may be impossible to calculate a risk metric for such studies.  Since no standard epidemiological studies were identified, exclusion on this basis did not occur.  Since most studies examined were risk assessments, measurement of background rates of illness was not required, rather it was assumed that illness would occur above tolerable levels if exposures exceeded daily exposure guidelines.

	Outcomes
	Relevant health outcomes
· All relevant human health outcomes were of interest.
Assuming the selected research included a significant number of epidemiological studies, the anticipated health outcomes were considered to include:
· Self-reported cases of illness (such as rash) following natural recreational water exposure
· Confirmed diagnosis of toxic response following exposure.
In practice, since most original research studies were of the quantitative risk assessment kind, negative health outcomes were considered to occur when a toxicological exposure guideline was exceeded, whilst compliance with the guideline was considered a positive health outcome.

	Study Type
	The review considered:
· Reviews of recreational water quality risk monitoring and management focussing on:
· Identification and evaluation of existing methodologies for health risk assessment for chemical exposures; and
· Site-specific case studies.
· Existing recreational water quality guidelines/reports.  A listing of reports supplied by the Committee is included in Appendix 2.
· 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.)
It was planned where possible, that the above studies would be categorised according to a selected list of Critical Appraisal Skills Programme (CASP) study types as follows:
1. [bookmark: _Hlk70343688]Case control study
2. Cohort study
3. Diagnostic test study
4. Systematic review
5. Qualitative research
6. Randomised controlled trial (RCT)
7. Cross-sectional study (mix of case-control and cohort)
8. Quantitative research
Study categories were used to guide a critical appraisal of study quality and selection for the review as described in the following sections.
Based on the perceived lower risks posed by chemical hazards at recreational water areas compared to microbial risks, it was anticipated that the literature may contain few case-control, cohort, diagnostic test, RCT or cross-sectional studies.  The methodology was prepared in anticipation that there may be some papers of each category among the literature and also to provide consistency with companion narrative reviews being undertaken for NHMRC, such as the review of Microbial Risks.



[bookmark: _Toc106794455][bookmark: _Ref42960069][bookmark: _Ref43479810]Evidence collection
[bookmark: _Toc106794456]Classification of the evidence
In section 2.4.3 two broad classes of literature were described, namely (i) guidelines and (ii) primary studies.  For the purposes of quality assessment, primary studies were further classified according to type of research involved. 
[bookmark: _Toc106794457]Guidelines
The quality assessment criteria for guidelines (Section 2.5.2.1) were different from those for primary studies due to the different structure and purposes of each class of study.  Grey literature guideline and review documents are generally structured as larger documents seeking to integrate a wide range of topics in support of national regulatory goals (e.g. US EPA documents) or more general international guidance (e.g. WHO documents), whereas primary studies are mainly focused on the results of original research undertaken in response to narrowly focused study objectives. For the purposes of this technical report and corresponding evidence evaluation report, grey literature, whilst constructed around reviews of the literature should not be confused with the term “systematic review” used in the primary studies classification below. Systematic reviews generally have a much narrower focus and are published in peer-reviewed journals.  The development of guidelines are also usually overseen by expert committees convened by national or international authorities and have many contributing authors, whereas systematic reviews may frequently be carried out by individual researchers or small groups of researchers.

[bookmark: _Toc106794458]Primary studies
The quality of each study to be included was assessed using the CASP (Critical Appraisal Skills Programme, Oxford CTVH, 2020)[footnoteRef:1] quality assessment protocols for observational studies.  The studies were categorised according to a selected list of CASP study types (Table 2‑3).  These study categories were used to guide a critical appraisal of study quality and selection for the review.   [1:  For further information on each CASP checklist see https://casp-uk.net/casp-tools-checklists/] 

[bookmark: _Ref70327038][bookmark: _Toc106794542]Table 2‑3. Primary studies CASP classifications and definitions.  Definitions are from CASP unless otherwise stated.
	Category
	Definitions (from CASP glossary unless otherwise stated)

	1. Systematic review
	Systematic review is a review in which evidence (in the form of original research) on a topic has been systematically identified, appraised, and summarised according to predetermined criteria.ⴕ

	2. Qualitative research
	[bookmark: _Hlk71901850]Qualitative research uses individual in-depth interviews, focus groups or questionnaires to collect, analyse and interpret data on what people do and say. It reports on the meanings, concepts, definitions, characteristics, metaphors, symbols, and descriptions of things. It is often exploratory and open-ended.  For this review, the CASP Qualitative Research category was extended to include observational studies that measured or predicted concentrations of contaminants in recreational water environments and on the basis of those concentrations inferred the extent of exposure and against health guidelines.§

	3. Case control study
	A case-control study is an epidemiological study that is used to identify risk factors for a medical condition. This type of study compares a group of patients who have that condition with a group of patients that do not have it and looks back in time to see how the characteristics of the two groups differ.

	4. Cohort study
	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).

	5. Diagnostic test study
	A diagnostic test study documents the results of testing to confirm or determine the presence of disease in an individual or group of individuals suspected of having a disease, usually following the report of symptoms, or based on other medical test results.  In the context of microbial risks to recreational water quality, a diagnostic test study may seek to determine the identity of the pathogen responsible for an outbreak event.*

	6. Randomised controlled trial
	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.

	7. Cross-sectional study (mix of case-control and cohort)
	A cross-sectional study involves collection of information (e.g. the presence or absence of disease and other variables of interest) from a defined population at one point in time.  It documents the prevalence of disease at that time. **

	8. Quantitative research
	Quantitative research uses statistical methods to count and measure outcomes from a study. The outcomes are usually objective and predetermined. A large number of participants are usually involved to ensure that the results are statistically significant.


ⴕ This category should not be confused with the grey literature guidelines described in this report. Grey literature guidelines documents are generally structured as larger documents seeking to integrate a wide range of topics in support of national regulatory goals or more general international guidance.  
* definition derived from the following sources: Cochrane.org, Wikipedia, BMJ Best Practice: https://www.cochrane.org/news/what-are-diagnostic-test-accuracy-reviews, https://bestpractice.bmj.com/info/toolkit/learn-ebm/diagnostic-test-studies-assessment-and-critical-appraisal/, https://en.wikipedia.org/wiki/Medical_test.
** definition derived from the following sources: Cochrane.org, Wikipedia, BMJ Best Practice, and Mann (2003).
§ This definition also provided consistency with the narrative review of Microbial Risks being undertaken for NHMRC.
The CASP classifications tend to emphasise medical studies and involve assessment of impacts of pathogens or efficacy of medical treatments.  Nevertheless, it was considered that the classification scheme was appropriate for this review which considers the issue of health of recreational water quality users potentially exposed to chemical hazards in the water. 
[bookmark: _Toc106794459]Quality assessment (by types)
[bookmark: _Ref70948231][bookmark: _Ref70330021][bookmark: _Toc106794460]Guidelines
[bookmark: _Hlk71880251][bookmark: _Hlk71893911]The methodological quality of existing guidelines was assessed using administrative and technical criteria in the assessment tool shown in Table 2‑4.  The criteria listed in the tool were based on common domains that have been evaluated in several existing tools for assessing guidelines and systematic reviews (e.g. AGREE tool: Brouwers, Kerkvliet, et al., 2016; AGREE Next Steps Consortium, 2017).  Based on the responses in the form a decision was made on whether that guideline should be included or excluded from the review. Due to the paucity of material on chemical hazards in recreational waters the decision on inclusion/exclusion was weighted towards inclusion.  
In addition to this formal quality assessment approach, the close inspection of the full text document indicated that the evidence contained in the document did not satisfactorily contribute to answering the primary and/or secondary research questions in some cases.  Where that was the case, the document was classified as “Quality satisfactory but content not relevant (or obsolete)” and excluded on relevance.
[bookmark: _Ref70332922][bookmark: _Toc106794543]Table 2‑4. Form for 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’. Y/N/NA =Yes, No, or Not Applicable.
	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?
	
	

	
	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? 
	
	

	
	If expert judgement is required, is the process documented and published?
	
	

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

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

	Comments

	
	Reviewer’s comments
	
	

	
	Useful for answering primary research question?
	
	Decision on inclusion or exclusion

	
	Useful for answering secondary research questions?
	
	


[bookmark: _Toc106794461]Primary studies
[bookmark: _Hlk43481712]Critical appraisal of evidence
As noted above, the CASP study categories were 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?
(ii) 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 (Appendix 4). Answers with reasons for all questions are recorded in a tabular form for each reviewed document (see Appendix 4).  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.
[bookmark: _Toc106794462]Risk of bias assessment for primary studies
Primary studies selected for review were assessed for internal validity, which is also known as “risk of bias” (RoB). For reference, “Bias” is defined by OHAT (2019)[footnoteRef:2] as: “a systematic error, or deviation from the truth, in results or inferences. Biases can operate in either direction: different biases can lead to underestimation or overestimation of the true effect. Biases can vary in magnitude: some are small (and trivial compared with the observed effect), and some are substantial (so that an apparent finding may be entirely due to bias)”.  [2:  Office of Health Assessment and Translation of the US National Toxicology Program (https://www.niehs.nih.gov/research/atniehs/dntp/assoc/ohat/index.cfm)] 

Further, the process of evaluating individual studies for risk of bias involves “the assessment of whether the design and conduct of a study compromised the credibility of the link between exposure and outcome” (OHAT, 2015).
OHAT (2015) provides rigorous protocols that can be applied to case control studies, cohort studies, diagnostic test studies, randomised controlled trials, and cross-sectional studies. For these study types it was originally planned to apply the OHAT Risk-of-Bias Tool (OHAT, 2015) and to develop similar risk of bias assessment criteria for the remaining categories of systematic reviews, qualitative and quantitative studies.  However, the only shortlisted studies remaining after the screening process were qualitative research studies for which OHAT does not provide risk of bias criteria.  Consequently, the CASP protocol for critical appraisal of evidence was used to conduct a risk of bias assessment for qualitative research studies (Table 2‑6) because it applies similar questions in relation to the validity of the study and the quality of its findings. The OHAT Risk-of-Bias Tool (OHAT, 2015) provides a colour-coded visual scheme to summarise risk of bias assessments and this scheme was applied based on the response to the CASP questions (Table 2‑5).
[bookmark: _Ref70955381][bookmark: _Toc106794544]Table 2‑5. OHAT Risk-of-Bias scheme categories
	Symbol
	Description

	++
	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.

	-
	Probably High risk of bias:

	
	There is indirect evidence of high risk of bias practices
If there is insufficient information provided about relevant risk of bias practices, “not reported” or “NR” may be used instead of the minus symbol “-“.

	--
	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.


Studies that had a high risk of bias or serious concerns with study quality were excluded from the review and the removal was recorded with justification in the PRISMA flow diagram.
[bookmark: _Ref70429147][bookmark: _Toc106794545]Table 2‑6. CASP (Critical Appraisal Skills Programme) Qualitative Research Study form including risk ofbias rating.
	Q.
	Paper for appraisal and reference:
	Assessment (Yes/No)
	Comments (justification for assessment)
	Risk of bias rating

	 
	Section A1: Are the results valid?
	
	
	 

	1
	Was there a clear statement of the aims of the research?
	
	
	

	2
	Is the methodology appropriate?
	
	
	

	 
	Section A2: Is it worth continuing?
	
	
	 

	3
	Was the research design appropriate to address the aims of the research?
	
	
	

	4
	Was the chosen hypothetical population or subpopulation appropriate for addressing the study research aims?
	
	
	

	5
	Was the data collected in a way that addressed the research issue?
	
	
	

	6
	Has the relationship between researcher and participants been adequately considered?
	
	
	

	 
	Section B: What are the results?
	
	
	 

	7
	Have ethical issues been taken into consideration?
	
	
	

	8
	Was the data analysis sufficiently rigorous? 
	
	
	

	9
	Is there a clear statement of findings?
	
	
	

	 
	Section C: Will the results help locally?
	
	
	

	10
	How valuable is the research?
	n/a
	
	

	 
	Overall risk of bias rating
	n/a
	
	

	-
	Reviewer’s conclusion (exclude or include based on risk of bias assessment)
	n/a
	
	



Once a determination of risk of bias for each domain was made, a visual summary of the risk of bias ratings for the included studies was prepared and used in the next stage of the critical appraisal process to determine overall risk of bias across the body of evidence (see Evidence Evaluation Report, also OHAT Handbook Table 9, OHAT, 2019).

[bookmark: _Toc106794463][bookmark: _Ref48299132][bookmark: _Toc48299169]Process for extracting and presenting data
[bookmark: _Toc106794464]Data extraction
[bookmark: _Toc106794465]Guidelines
Documentation of the attributes of the shortlisted guidelines in support of responses to the primary and secondary search questions were recorded using the form shown in Table 2‑7, designed specifically for this review. The form is cross-referenced with a classification of study quality and risk of bias (see section 2.5).  The form aided construction of an integrated report on each publication.
[bookmark: _Ref70074194][bookmark: _Toc106794546]Table 2‑7. Data extraction form for guidelines
	[bookmark: _Hlk69918738]Type
	Question
	Guideline/
Review ID

	Primary Q.
	Are exposures to the hazards outlined in the PECO Table below likely to give rise to any significant human health risks given that chemical concentrations in recreational waters are generally low?
	

	
	
	

	Secondary Q1.
	What chemicals (that potentially pose a risk to humans) are present at elevated concentrations in recreational waters and what are their sources?
	

	
	
	

	Secondary Q2.
	What chemicals are of most concern due to their physicochemical properties which may enhance their uptake via dermal, inhalation or ingestion exposure pathways? How can we adjust exposure assumptions for these chemicals?
	

	
	
	

	
	
	

	Secondary Q3.
	Should the focus be on “hot spots” i.e. site-specific rather than chemical specific, and/or include periodic toxicity screening of sites to complement chemical testing?
	

	Supporting information
	Useful for answering primary research question?
	

	
	Useful for answering secondary research questions?
	

	
	· Key contaminants of concern in recreational waters;
	

	
	· Risk assessment methods (including exposure assessment calculations and assumptions);
	

	
	· Consideration of short, medium- and long-term exposures; and
	

	
	· In addition to the last point, consideration of the use of indicator substances for chemical risk assessment and monitoring.
	

	Conclusions/
comments
	Overall Assessment
	

	
	Reviewer’s comment
	


[bookmark: _Toc106794466]Primary studies
Documentation of the attributes of the shortlisted primary research literature in support of responses to the primary research question were recorded using the form shown in Table 2‑8, which is based loosely on the PRISMA approach (Moher, Liberati, et al., 2009).  The form includes bibliographic information e.g. authors, year of publication, year(s) of study period, country of study, study characteristics It is cross-referenced with a classification of study quality and risk of bias (see section 2.5).  The form aided construction of an integrated report on each publication and calculation of summary statistics on the publication attributes.
[bookmark: _Ref43472985][bookmark: _Toc106794547]Table 2‑8.  Data extraction and presentation form for primary research literature.
	Category
	Study ID
	Response

	General information
	Date form completed
	

	
	Authors
	

	
	Reviewer comments
	

	
	Title
	

	
	Publication Title
	

	
	Reference (Vol., pages)
	

	
	Publication date
	

	
	Publication type
	

	
	Peer reviewed
	

	
	Country of origin
	

	
	Source of funding
	

	
	Possible conflicts of interest
	

	Study characteristics
	Aim/objectives of study
	

	
	Study type/design
	

	
	Study duration
	

	Population characteristics
	Population/s studied
	

	
	Selection criteria for population
	

	
	Subgroups reported
	

	
	Size of study
	

	Exposure and setting
	Type of water source/water body
	

	
	Exposure scenario
	

	
	Exposure pathway
	

	
	Source of contamination
	

	
	Causal chemical(s)
	

	
	Comparison group(s)
	

	Study methods
	Water quality measurement used
	

	
	Method of chemical detection (if applicable)
	

	
	Water sampling methods (monitoring, surrogates).  Was there sufficient replication in number of samples taken, what steps were taken to reduce contamination (especially for metals)?
	

	
	Limits of reporting for the chemical of concern
	

	
	Consideration of quality assurance such as field and lab blanks, reference sites, and reporting on related physico-chemical parameters
	

	Statistics
	Statistical methods used
	

	
	Details on statistical analysis (if any)
	

	
	Relative risk/odds ratio, confidence interval?
	

	Results
	Outcome
	

	
	How outcome was assessed
	

	
	Method of measurement
	

	
	Number participants (exposed/non-exposed, missing/excluded) (if applicable)
	

	CASP Category (and OHAT Risk of Bias)
	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
	

	
	5. Qualitative research
	

	
	6. Randomised controlled trial
	

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

	
	8. Quantitative research
	

	Author’s conclusion
	Interpretation of results
	

	
	Assessment of uncertainty (if any)
	

	Reviewer comments
	Reviewer comments
	

	
	Results included/excluded in review (if applicable)
	

	
	Notes on study quality e.g. gaps, methods 
	



[bookmark: _Toc71643945][bookmark: _Toc106794467]Process for assessing the Body of Evidence
The evidence collected and appraised for each research question was grouped by study type and outcome where possible and summarised in an Evidence Summary table that assigned the level of certainty (or confidence) in that body of evidence.  Due to the different nature and quality of evidence between guidelines and primary studies different approaches were required to review and evaluate the body of evidence for each type of literature.  The methodology for assessment and results of the assessment are described in the Evidence Evaluation Report (O’Connor, 2022).

[bookmark: _Toc9259352][bookmark: _Toc9260186][bookmark: _Toc9413532][bookmark: _Toc11410244][bookmark: _Toc9259353][bookmark: _Toc9260187][bookmark: _Toc9413533][bookmark: _Toc11410245][bookmark: _Toc9259354][bookmark: _Toc9260188][bookmark: _Toc9413534][bookmark: _Toc11410246][bookmark: _Toc9259355][bookmark: _Toc9260189][bookmark: _Toc9413535][bookmark: _Toc11410247][bookmark: _Toc9259356][bookmark: _Toc9260190][bookmark: _Toc9413536][bookmark: _Toc11410248][bookmark: _Toc9259357][bookmark: _Toc9260191][bookmark: _Toc9413537][bookmark: _Toc11410249][bookmark: _Toc9259358][bookmark: _Toc9260192][bookmark: _Toc9413538][bookmark: _Toc11410250][bookmark: _Toc9259359][bookmark: _Toc9260193][bookmark: _Toc9413539][bookmark: _Toc11410251][bookmark: _Toc9259360][bookmark: _Toc9260194][bookmark: _Toc9413540][bookmark: _Toc11410252][bookmark: _Toc9259361][bookmark: _Toc9260195][bookmark: _Toc9413541][bookmark: _Toc11410253][bookmark: _Toc9259362][bookmark: _Toc9260196][bookmark: _Toc9413542][bookmark: _Toc11410254][bookmark: _Toc9259363][bookmark: _Toc9260197][bookmark: _Toc9413543][bookmark: _Toc11410255][bookmark: _Toc9259364][bookmark: _Toc9260198][bookmark: _Toc9413544][bookmark: _Toc11410256][bookmark: _Toc9259365][bookmark: _Toc9260199][bookmark: _Toc9413545][bookmark: _Toc11410257][bookmark: _Toc9259366][bookmark: _Toc9260200][bookmark: _Toc9413546][bookmark: _Toc11410258][bookmark: _Toc9259367][bookmark: _Toc9260201][bookmark: _Toc9413547][bookmark: _Toc11410259][bookmark: _Toc9259368][bookmark: _Toc9260202][bookmark: _Toc9413548][bookmark: _Toc11410260][bookmark: _Toc9259369][bookmark: _Toc9260203][bookmark: _Toc9413549][bookmark: _Toc11410261][bookmark: _Toc9259370][bookmark: _Toc9260204][bookmark: _Toc9413550][bookmark: _Toc11410262][bookmark: _Toc9259371][bookmark: _Toc9260205][bookmark: _Toc9413551][bookmark: _Toc11410263][bookmark: _Toc9259507][bookmark: _Toc9260341][bookmark: _Toc9413687][bookmark: _Toc11410399][bookmark: _Toc9259508][bookmark: _Toc9260342][bookmark: _Toc9413688][bookmark: _Toc11410400][bookmark: _Toc9259509][bookmark: _Toc9260343][bookmark: _Toc9413689][bookmark: _Toc11410401][bookmark: _Toc9259510][bookmark: _Toc9260344][bookmark: _Toc9413690][bookmark: _Toc11410402][bookmark: _Toc9259511][bookmark: _Toc9260345][bookmark: _Toc9413691][bookmark: _Toc11410403][bookmark: _Toc9259512][bookmark: _Toc9260346][bookmark: _Toc9413692][bookmark: _Toc11410404][bookmark: _Toc9259513][bookmark: _Toc9260347][bookmark: _Toc9413693][bookmark: _Toc11410405][bookmark: _Toc9259514][bookmark: _Toc9260348][bookmark: _Toc9413694][bookmark: _Toc11410406][bookmark: _Toc9259515][bookmark: _Toc9260349][bookmark: _Toc9413695][bookmark: _Toc11410407][bookmark: _Toc9259516][bookmark: _Toc9260350][bookmark: _Toc9413696][bookmark: _Toc11410408][bookmark: _Toc9259517][bookmark: _Toc9260351][bookmark: _Toc9413697][bookmark: _Toc11410409][bookmark: _Toc9259518][bookmark: _Toc9260352][bookmark: _Toc9413698][bookmark: _Toc11410410][bookmark: _Toc9259519][bookmark: _Toc9260353][bookmark: _Toc9413699][bookmark: _Toc11410411][bookmark: _Toc9259520][bookmark: _Toc9260354][bookmark: _Toc9413700][bookmark: _Toc11410412][bookmark: _Toc9259521][bookmark: _Toc9260355][bookmark: _Toc9413701][bookmark: _Toc11410413][bookmark: _Toc9259522][bookmark: _Toc9260356][bookmark: _Toc9413702][bookmark: _Toc11410414][bookmark: _Toc9259523][bookmark: _Toc9260357][bookmark: _Toc9413703][bookmark: _Toc11410415][bookmark: _Toc9259524][bookmark: _Toc9260358][bookmark: _Toc9413704][bookmark: _Toc11410416][bookmark: _Toc9259525][bookmark: _Toc9260359][bookmark: _Toc9413705][bookmark: _Toc11410417][bookmark: _Toc9259526][bookmark: _Toc9260360][bookmark: _Toc9413706][bookmark: _Toc11410418][bookmark: _Toc9259527][bookmark: _Toc9260361][bookmark: _Toc9413707][bookmark: _Toc11410419][bookmark: _Toc9259528][bookmark: _Toc9260362][bookmark: _Toc9413708][bookmark: _Toc11410420][bookmark: _Toc9259529][bookmark: _Toc9260363][bookmark: _Toc9413709][bookmark: _Toc11410421][bookmark: _Toc9259530][bookmark: _Toc9260364][bookmark: _Toc9413710][bookmark: _Toc11410422][bookmark: _Toc9259538][bookmark: _Toc9260372][bookmark: _Toc9413718][bookmark: _Toc11410430][bookmark: _Toc9259736][bookmark: _Toc9260570][bookmark: _Toc9413916][bookmark: _Toc11410628][bookmark: _Toc9259737][bookmark: _Toc9260571][bookmark: _Toc9413917][bookmark: _Toc11410629][bookmark: _Toc9259738][bookmark: _Toc9260572][bookmark: _Toc9413918][bookmark: _Toc11410630][bookmark: _Toc9259739][bookmark: _Toc9260573][bookmark: _Toc9413919][bookmark: _Toc11410631][bookmark: _Toc9259740][bookmark: _Toc9260574][bookmark: _Toc9413920][bookmark: _Toc11410632][bookmark: _Toc106794468]Literature search results
[bookmark: _Toc106794469]Existing guidelines
[bookmark: _Hlk72505418]Searches for grey literature (using the method described in Section 2.4.6) identified 40 documents, of which 16 were suggested by the Commitee (Appendix 2).  Each document was evaluated for its relevance to the primary and secondary research questions and excluded if not relevant.  This process identified 11 documents relevant to the primary and secondary research questions (i.e., chemical hazards in recreational water), including 4 listed by the Committee.  Each of the 11 shortlisted documents was subject to the quality assessment process described in 2.5.2.1 which resulted in 4 documents being screened out on quality grounds.  The final list of 7 guidelines meeting the quality criteria are shown in Table 4‑1, Section 4.1 whilst the 4 excluded guidelines are shown in Table 7‑1, Section 7.
The screening process is summarised graphically in Figure 3‑1.
[image: ]
[bookmark: _Ref70951831][bookmark: _Toc106794555]Figure 3‑1.  PRISMA summary of the citation review process for guidelines

[bookmark: _Toc106794470]Primary studies
[bookmark: _Hlk72505659]Search results by database yielded 3523 citations. After removal of duplicates within each database (i.e. Scopus, Web of Science, PubMed) this number was reduced to 2486 citations (Table 3‑1). After combining the lists, further removal of citations that were duplicated between the databases brought the number of citations down to 1769 (Table 3‑2). Text recognition script in the programming language, R, was used to identify duplicates at this stage, although some duplicate records remained due to minor character differences that the script was not able to detect. These duplicates were removed in later screening using Excel tools (described in the next section).
[bookmark: _Ref70945885][bookmark: _Toc106794548]Table 3‑1.  Primary literature search results summary by database and search strategies (see Table 2‑1 for further details of keywords, search categories, and search strings).
	Database
	Search in key words, title and abstract unless specified (2003-2020)
	Records

	Scopus
	Population (1) + location (2) in title + Outcomes (7.1-2 or) + pathway mode (9)
	276

	
	Location (2) in title + study type (3) + Source (12) + carrier (8) + property/Attribute (4) + method (6)
	222

	
	Population (1) + location (2) in title + study type (3) + Source (12) + exposure (10-11 or)
	1,684

	
	Initial Number of Records
	2,182

	
	No. of duplicates removed (via automatic text screening*)
	901

	
	After removal of duplicates 
	1,281

	Web of Science
	Population (1) + location (2) in title + Outcomes (7.1-2 or) + pathway mode (9)
	156

	
	Location (2) in title + study type (3) + carrier (8) + property/Attribute (4) + Source (12) 
	187

	
	Location (2) in title + study type (3) + carrier (8) + property/Attribute (4) + method (6) 
	12

	
	Population (1) + location (2) in title + study type (3) + Source (12) + exposure (10-11 or)
	634

	
	Initial Number of Records
	989

	
	No. of duplicates removed (via automatic screening*)
	109

	
	After removal of duplicates
	880

	PubMed
	Population (1) + location (2) in title + Outcomes (7.1-2 or) + pathway mode (9)
	98

	
	Location (2) in title + study type (3) + Source (12) + carrier (8) + property/Attribute (4) 
	50

	
	Location (2) in title + study type (3) + carrier (8) + property/Attribute (4) + method (6) 
	6

	
	Population (1) + location (2) in title + study type (3) + Source (12) + exposure (10-11 or)
	198

	
	Initial Number of Records
	352

	
	Duplicates removed (via automatic screening*)
	27

	
	After removal of duplicates
	325


* A computer script was developed and used to remove records with duplicated fields at about 90% efficiency.  Some duplicates remained after this process due to small differences (e.g. typographical differences or mistakes) and were removed in subsequent more detailed screening.

[bookmark: _Ref70945886][bookmark: _Toc106794549]Table 3‑2.  Primary literature search summary
	Item
	Scopus
	Web of Sci
	Pub Med
	Google Scholar
	Totals

	Initial no. of citations
	2182
	989
	352
	no additional records identified
	3523

	Following removal of duplicates (via autotext screening)
	1281
	880
	325
	 
	2486

	Lists combined and between list duplicates removed (via autotext screening)
	1769


[bookmark: _Toc106794471]Screening process and PRISMA diagram
All citations retrieved from the literature search were downloaded from the source database as CSV formatted files (i.e. comma separated values).  These files were imported into a bibliographic database using the Zotero bibliographic software program which was used to manage the citations and assisted in generating citation records in a standard format.  Standard format CSV files were exported from Zotero to Microsoft Excel which was used for sorting and filtering citations based on relevance. In practice, sorting and filtering was an iterative process where citations were allocated an initial classification of “relevant”, “possibly relevant”, and “clearly not relevant” based on the title alone.  The former two categories were then subjected to additional screening through closer review of abstracts, and in some cases the full text document, to determine if they had any relevance to the primary and secondary research questions.  If not, they were screened out.  
Filtering out of duplicate records was also carried out iteratively during the screening process. An initial screen for duplicates was carried out in Excel which identified citations that were identical across several fields before importation into Zotero. Subsequent duplicate screening was carried out using Excel on the citation title field alone as this was the least variable of the fields.  A number of passes for duplicate removal were required using logical text formulas, due to minor variations in the title field (e.g. citations differing on case). A description of the stepwise screening process is set out in Table 3‑3 and the process is summarised graphically in Figure 3‑2.
[bookmark: _Ref70940664][bookmark: _Toc106794550]Table 3‑3. Breakdown of screening and review strategy for primary studies
	Description
	n

	Records identified through database searching
	3523

	Additional records identified through other sources (Google Scholar)
	0

	Records after duplicates removed (first pass)
	2486

	Records after duplicates removed (second pass)
	1769

	Records screened
	1769

	Records after duplicates removed (third pass)
	1671

	Records excluded based on screening titles, abstracts, or full text
	

	Screened on title: clearly not relevant to primary or secondary research questions
	1487

	Out of scope, incomplete, or not in English
	20

	Review of full text: water environment health studies, not clearly related to recreational water quality
	141

	Screened on abstract or full text, or excluded due to being out of review scope
	17

	Sum of excluded studies
	1665

	Full-text articles assessed for eligibility
	6

	Records excluded on quality (risk of bias)
	3

	Studies included synthesis
	3



[image: ]
[bookmark: _Ref70940740][bookmark: _Toc106794556][bookmark: _Hlk70951131]Figure 3‑2.  PRISMA summary of the citation review process for primary studies
[bookmark: _Toc106794472]Full list of included studies
[bookmark: _Ref70947357][bookmark: _Ref70949326][bookmark: _Toc106794473]Existing guidelines
[bookmark: _Ref70947379][bookmark: _Toc106794551]Table 4‑1. List of guidelines included after screening and quality assessment
	[bookmark: _Hlk70522609]ID
	Title
	Type of Study

	G2: Health Canada (2012) 
	Health Canada (2012) Guidelines for Canadian recreational water quality. Third Edition, Ottawa, Health Canada. [online] https://central.bac-lac.gc.ca/.item?id=H129-15-2012-eng&op=pdf&app=Library (Accessed December 17, 2020).
	Guidelines & Guidance

	G3: HEPA (2020) 
	HEPA (2020) PFAS National Environmental Management Plan Version 2.0’, Heads of EPA Australia and New Zealand (HEPA), [online] https://www.environment.gov.au/system/files/resources/2fadf1bc-b0b6-44cb-a192-78c522d5ec3f/files/pfas-nemp-2.pdf.
	Guidelines & Guidance

	G5: NRMMC, EPHC, and AHMC (2006) 
	NRMMC, EPHC, and AHMC (2006) Australian Guidelines for Water Recycling: Managing Health and Environmental Risks (Phase 1), Canberra, Australia, Natural Resource Management Ministerial Council. Environment Protection and Heritage Council Australian Health Ministers’ Conference. [online] https://www.nhmrc.gov.au/about-us/publications/australian-guidelines-water-recycling.
	Guidance

	G6: NRMMC, EPHC, and NHMRC (2008) 
	NRMMC, EPHC, and NHMRC (2008) Australian Guidelines for Water Recycling (Phase 2): Augmentation of Drinking Water Supplies, Canberra, Australia., Natural Resource Management Ministerial Council, Environmental Protection and Heritage Council and National Health and Medical Research Council.
	Guidance

	G9: US EPA (2019)
	US EPA (2019) Recommended Human Health Recreational Ambient Water Quality Criteria or Swimming Advisories for Microcystins and Cylindrospermopsin. EPA Document Number: 822-R-19-001, and online at http://www.epa.gov/ncea/efh., U.S. Environmental Protection Agency (EPA). [online] http://www.epa.gov/ncea/efh.
	Guidance

	G10: WHO (2016) 
	WHO (2016) Protecting surface water for health: Identifying, assessing and managing drinking-water quality risks in surface-water catchments, World Health Organization. [online] https://apps.who.int/iris/bitstream/handle/10665/246196/9789241510554-eng.pdf?sequence=1.
	Guidance

	G11. NHMRC (2019)
	NHMRC (2019) Guidance on Per- and Poly-fluoroalkyl Substances (PFAS) in Recreational Water, Canberra, A.C.T., National Health and Medical Research Council. [online] https://www.nhmrc.gov.au/sites/default/files/documents/attachments/guidance-on-PFAS-in-recreational-water.pdf (Accessed October 18, 2020).
	Guidelines



[bookmark: _Toc106794474]Primary studies
[bookmark: _Toc106794552]Table 4‑2. List of primary studies included after consideration of risk of bias
	[bookmark: _Hlk72313221]Study ID
	Citation

	J2
	Canpolat, Ozgur; Varol, Memet; Okan, Ozlem Oztekin; Eris, Kursad Kadir; Caglar, Metin (2020) A comparison of trace element concentrations in surface and deep water of the Keban Dam Lake (Turkey) and associated health risk assessment. Environmental Research 190 (2020) 110012

	J3
	Dor, F.; Bonnard, R.; Gourier-Frery, C.; Cicolella, A.; Dujardin, R.; Zmirou, D. (2003) Health risk assessment after decontamination of the beaches polluted by the wrecked ERIKA tanker. Risk Analysis 23(6)1199-1208

	J5
	Swartjes, Frank A.; Janssen, Paul J. C. M. (2016) Assessment of health risks due to arsenic from iron ore lumps in a beach setting. The Science of the Total Environment 563-564 (2016) 405-412



[bookmark: _Toc106794475]Completed quality assessment and data extraction for the included guidelines
The seven included guideline documents were considered to be of satisfactory quality. It should be noted that, due to the limited number of studies regarding chemical hazards from recreational water quality, the threshold for acceptance was weighted slightly towards inclusion in the review.
[bookmark: _Toc106794476]Health Canada (2012)
[bookmark: _Toc106794477]Quality assessment
	 
	G2: Canadian 2012 RWQ Guidelines 

	Criteria
	Assessment
	Notes

	Overall guidance/advice development process
	 
	 

	Are the key stages of the organisation’s advice development processes compatible with Australian processes?
	Yes
	The document was prepared by the Federal-Provincial-Territorial Working Group on Recreational Water Quality of the Federal-Provincial-Territorial Committee on Health and the Environment.  The use of national working groups or advisory committees of state and commonwealth technical experts for the development of environmental and public health guidelines is a commonly used approach in Australia.

	Are the administrative processes documented and publicly available?
	No
	Not reported

	Was the work overseen by an expert advisory committee?
	Yes
	As noted above, the document was prepared by the Canadian Federal-Provincial-Territorial Working Group on Recreational Water Quality of the Federal-Provincial-Territorial Committee on Health and the Environment

	Are potential conflicts of interest of committee members declared, managed and/or reported?
	No
	Not reported

	Are funding sources declared?
	No
	Not reported, but likely funded by the Canadian Government.

	Was there public consultation on this work? If so, provide details.
	Can't Tell
	Not reported, so cannot tell if public consultation occurred or not.

	Is the advice peer reviewed?
	Can't Tell
	The list of members of Federal-Provincial-Territorial Working Group on Recreational Water Quality indicates that they are likely highly qualified scientists, so possibly some measure of peer-review was undertaken, however no clear reference to such a review is described in the document.

	If so, is the peer review outcome documented and/or published?
	No
	Not reported

	Was the guidance/advice developed or updated recently? Provide details.
	No
	The guidance has not been updated since it was published in 2012 (9 years ago).

	Evidence review parameters
	 
	 

	Are decisions about scope, definitions and evidence review parameters documented and publicly available?
	No
	Not reported

	Is there a preference for data from studies that follow agreed international protocols or meet appropriate industry standards?
	No
	Not reported

	Does the organisation use or undertake systematic literature review methods to identify and select data underpinning the advice? Are the methods used documented clearly?
	No
	Not reported

	If proprietary/confidential studies or data are considered by the agency, are these appropriately described/recorded?
	n/a
	No such studies or data is considered to the reviewer's knowledge

	Are inclusion/exclusion criteria used to select or exclude certain studies from the review? If so, is justification provided?
	No
	Not reported

	Does the organisation use or adopt review findings or risk assessments from other organisations? What process was used to critically assess these external findings?
	No
	Reference is made to leading publications and guideline values produced by other international agencies, but there is no process described for review or selection of such material.

	Can grey literature such as government reports and policy documents be included? 
	Yes
	Such documents are listed in the reference section.

	Is there documentation and justification on the selection of a toxicological endpoint for use as point of departure for health-based guideline derivation?
	No
	Not reported

	Evidence search
	 
	 

	Are databases and other sources of evidence specified?
	No
	Not reported

	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)? 
	No
	Not reported

	Is it specified what date range the literature search covers? Is there a justification?
	No
	Not reported

	Are search terms and/or search strings specified? 
	No
	Not reported

	Are there any other exclusion criteria for literature (e.g. publication language, publication dates)? If so, what are they and are they appropriate? 
	No
	Not reported

	Critical appraisal methods and tools
	 
	 

	Is risk of bias of individual studies taken into consideration to assess internal validity? 
	No
	Not reported

	If so, what tools are used? If not, was any method used to assess study quality?
	n/a
	Not reported

	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.
	No
	Not reported

	Does the organisation assess the overall certainty of the evidence and reach recommendations? If so, provide details.
	No
	Not reported

	Derivation of health-based guideline values
	 
	 

	Is there justification for the choice of uncertainty and safety factors? 
	No
	Not reported

	Are the parameter value assumptions documented and explained?  
	No
	Not reported

	Are the mathematical workings/algorithms clearly documented and explained?
	No
	Not reported

	Does the organisation take into consideration non-health related matters to account for feasibility of implementing the guideline values (e.g. measurement attainability)?
	No
	Not reported

	Is there documentation directing use of mechanistic, mode of action, or key events in adverse outcome pathways in deriving health-based guideline values? 
	No
	Not reported

	If expert judgement is required, is the process documented and published?
	No
	Not reported

	Is dose response modelling (e.g. BMDL) routinely used?
	No
	Not reported

	Has the organisation’s policy for dealing with substances for which a non-threshold mode of action may be applicable in humans been articulated and recorded?
	No
	Not reported

	If applicable: For carcinogens, what is the level of cancer risk used by the organisation to set the health-based guideline value?
	n/a
	Not reported

	Comments
	 
	 

	Reviewer Comments
	 
	The Canadian Recreational Water Quality Guidelines focus mainly on management of microbiological and cyanotoxin risks and make little mention of other types of water quality risks.

The guidelines contain a basic description of how to develop a management plan for recreational water quality, plus more detailed technical review of recommended indicators of faecal contamination, pathogenic microorganisms. Also includes information on out of scope items like cyanobacteria, physical hazards, faecal contamination of sand, faecal pollution source tracking. Appendices contain further technical detail on sampling, checklists for surveys, example reporting forms and example beach signs.  
Provides good information on indicators and gaps in knowledge. Good descriptions of science-based evidence to develop guidelines.

Focus is virtually all microbiological but chemical hazards are discussed briefly on pages 102-105

	Useful for answering primary research question?
	Yes
	Quality is satisfactory and content is relevant.

	Useful for answering secondary research questions?
	Partly
	



[bookmark: _Toc106794478]Data extraction
	 
	 
	G2

	Type
	Question
	Canadian 2012 RWQ Guidelines 

	Primary Q.
	Are exposures to the hazards outlined in the PECO Table below likely to give rise to any significant human health risks given that chemical concentrations in recreational waters are generally low?
	The Canadian Guidelines state (p. 102-104) that
· National surveys of the water quality of lakes and rivers used for recreational activities indicate that concentrations of organic and inorganic chemicals are low.
· Analyses for heavy metals and organic chemicals in waters that could be used for recreational purposes indicate that they are present in concentrations considerably below those recommended as guidelines for drinking water quality.
· Ingestion is considered the primary pathway of exposure and it is not likely that dermal exposure presents a significant risk due to the low concentrations of inorganic and organic chemical contaminants encountered in most natural waters and the typical exposure scenarios encountered during recreational water activities.
· there is insufficient information to support the establishment of guideline values for specific chemical parameters in recreational waters.
· risks associated with specific chemical water quality hazards are dependent on the particular circumstances of the area in question and should be assessed on a case-by-case basis.
· in general, the potential risks from exposure to chemical parameters will be much smaller than the risks from the microbiological hazards potentially present in recreational waters (citing the WHO 2003 Recreational Water Guidelines).
· with chemical concentrations typically found in water, most recreational water users will not be exposed to sufficient concentrations necessary to elicit either an acute or chronic illness response.
· consequently, the risk of human exposure to chemical contaminants in Canadian waters through recreational activities is considered low.
· scenarios do exist that may contribute to the presence of a chemical water quality hazard at a particular recreational water body and therefore, multi-barrier approaches are recommended as the most effective way of protecting recreational water users from the risk of exposure to chemical contamination at recreational water areas.
· Such approaches include the use of:
· Environmental Health and Safety Surveys to help recreational water area operators identify and assess potential sources of chemical contamination a case-by-case basis relevant to their beach area, and
· Application of precautionary measures such as restricting swimming to public beaches and showering with soap and water following recreational activity will further ensure that any risk is minimized.

	Secondary Q1.
	What chemicals (that potentially pose a risk to humans) are present at elevated concentrations in recreational waters and what are their sources?
	No data

	Secondary Q2.
	What chemicals are of most concern due to their physicochemical properties which may enhance their uptake via dermal, inhalation or ingestion exposure pathways? How can we adjust exposure assumptions for these chemicals?
	No data

	Secondary Q3.
	Should the focus be on “hot spots” i.e. site-specific rather than chemical specific, and/or include periodic toxicity screening of sites to complement chemical testing?
	No data

	Supporting information
	Useful for answering primary research question?
	Yes

	
	Useful for answering secondary research questions?
	No

	
	· Key contaminants of concern in recreational waters;
	No data

	
	· Risk assessment methods (including exposure assessment calculations and assumptions);
	No data

	
	· Consideration of short, medium- and long-term exposures; and
	No data

	
	· In addition to the last point, consideration of the use of indicator substances for chemical risk assessment and monitoring.
	No data

	Conclusions/
comments
	Overall Assessment
	The document contains some useful information in support of the primary research question.

	
	Reviewer’s comment (optional)
	Contains a basic description of how to develop a management plan for recreational water quality, plus more detailed technical review of recommended indicators of faecal contamination, pathogenic microorganisms (plus info on out-of-scope items like cyanobacteria, physical hazards, faecal contamination of sand, faecal pollution source tracking. Appendices contain further technical detail on sampling, checklists for surveys, example reporting forms and example beach signs.
  
Provides good information on indicators and gaps in knowledge. Good descriptions of science-based evidence to develop guidelines.

Focus is virtually all microbiological but chemical hazards are discussed briefly on pages 102-104
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	G3: HEPA 2020 Environmental Management Plan

	Criteria
	Assessment
	Notes

	Overall guidance/advice development process
	 
	 

	Are the key stages of the organisation’s advice development processes compatible with Australian processes?
	Yes
	The PFAS National Environmental Management Plan (NEMP) was produced by the National Chemical Working Group of the Heads of EPAs Australia and New Zealand (HEPA) and this 2020 version is endorsed by the Commonwealth of Australia and each Australian State and Territory.

	Are the administrative processes documented and publicly available?
	No
	Not reported

	Was the work overseen by an expert advisory committee?
	Can’t Tell
	It is arguable that the expert advisory committee is the National Chemical Working Group of the Heads of EPAs Australia and New Zealand (HEPA).  However, the names of individual persons are not listed, so the process for expert review is unclear. 

	Are potential conflicts of interest of committee members declared, managed and/or reported?
	No
	Not reported

	Are funding sources declared?
	No
	Not reported

	Was there public consultation on this work? If so, provide details.
	Yes
	The public consultation process is described on the Australian Govt Dept of Agriculture, Water and Environment website at:  https://environment.gov.au/protection/publications/pfas-nemp-2
The consultation process is not described in the document.

	Is the advice peer reviewed?
	Can’t Tell
	No peer-review process is described in the document on the Dept of Agriculture, Water and Environment website.

	If so, is the peer review outcome documented and/or published?
	No
	Not reported

	Was the guidance/advice developed or updated recently? Provide details.
	Yes 
	Updated in January 2020.

	Evidence review parameters
	 
	 

	Are decisions about scope, definitions and evidence review parameters documented and publicly available?
	No
	The PFAS Recreational Water Quality Guidelines are based on assumptions for the frequency and likelihood of exposure during recreational activities, but no detail is provided on the derivation process.

	Is there a preference for data from studies that follow agreed international protocols or meet appropriate industry standards?
	No
	Not reported

	Does the organisation use or undertake systematic literature review methods to identify and select data underpinning the advice? Are the methods used documented clearly?
	No
	Not reported

	If proprietary/confidential studies or data are considered by the agency, are these appropriately described/recorded?
	n/a
	No such studies or data is considered to the reviewer’s knowledge

	Are inclusion/exclusion criteria used to select or exclude certain studies from the review? If so, is justification provided?
	No
	Not reported

	Does the organisation use or adopt review findings or risk assessments from other organisations? What process was used to critically assess these external findings?
	No
	PFAS Guidelines for Recreational Water Quality are based on the findings of NHMRC, 2019. Guidance on per- and poly-fluoroalkyl substances (PFAS) in recreational water (also described in this table).  However, no process was undertaken to critically assess these findings.

	Can grey literature such as government reports and policy documents be included? 
	Yes
	Such documents are listed in the reference section.

	Is there documentation and justification on the selection of a toxicological endpoint for use as point of departure for health-based guideline derivation?
	No
	Not reported

	Evidence search
	 
	 

	Are databases and other sources of evidence specified?
	No
	Not reported

	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)? 
	No
	Not reported

	Is it specified what date range the literature search covers? Is there a justification?
	No
	Not reported

	Are search terms and/or search strings specified? 
	No
	Not reported

	Are there any other exclusion criteria for literature (e.g. publication language, publication dates)? If so, what are they and are they appropriate? 
	No
	Not reported

	Critical appraisal methods and tools
	 
	 

	Is risk of bias of individual studies taken into consideration to assess internal validity? 
	No
	Not reported

	If so, what tools are used? If not, was any method used to assess study quality?
	n/a
	Not reported

	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.
	No
	Not reported

	Does the organisation assess the overall certainty of the evidence and reach recommendations? If so, provide details.
	No
	Not reported

	Derivation of health-based guideline values
	 
	 

	Is there justification for the choice of uncertainty and safety factors? 
	No
	Not reported

	Are the parameter value assumptions documented and explained?  
	No
	Not reported

	Are the mathematical workings/algorithms clearly documented and explained?
	No
	Not reported

	Does the organisation take into consideration non-health related matters to account for feasibility of implementing the guideline values (e.g. measurement attainability)?
	No
	Not reported

	Is there documentation directing use of mechanistic, mode of action, or key events in adverse outcome pathways in deriving health-based guideline values? 
	No
	Not reported

	If expert judgement is required, is the process documented and published?
	No
	Not reported

	Is dose response modelling (e.g. BMDL) routinely used?
	No
	Not reported

	Has the organisation’s policy for dealing with substances for which a non-threshold mode of action may be applicable in humans been articulated and recorded?
	No
	Not reported

	If applicable: For carcinogens, what is the level of cancer risk used by the organisation to set the health-based guideline value?
	n/a
	Not reported

	Comments
	 
	 

	Reviewer Comments
	 
	The PFAS Guidelines are a detailed methods manual for determining risks to human health from PFAS in the environment. The assessment methodology in this table is focussed on assessing reviews of epidemiological-type studies so many of the assessment questions are either not appropriate, or only have a minor relevance.  The PFAS Guidelines are useful in providing background information on PFAS in an Australian context.  They may provide relevant information to assist in answering the primary research question and may also contain some useful information to address some of the secondary questions.

	Useful for answering primary research question?
	Partly
	Quality is satisfactory and content is relevant.

	Useful for answering secondary research questions?
	Partly
	



[bookmark: _Toc106794481]Data extraction
	 
	 
	G3

	Type
	Question
	HEPA 2020 Environmental Management Plan

	Primary Q.
	Are exposures to the hazards outlined in the PECO Table below likely to give rise to any significant human health risks given that chemical concentrations in recreational waters are generally low?
	Based on the published guideline values and the information cited in reference G11, it is reasonable to conclude that PFAS would generally occur well below guideline values and thus would not constitute a significant health risk in recreational waters.

	Secondary Q1.
	What chemicals (that potentially pose a risk to humans) are present at elevated concentrations in recreational waters and what are their sources?
	No data on concentrations in recreational waters provided, but provides useful information on potential sources.  Tables B1 and B2 in Appendix B of the document provide lists of activities associated with PFAS contamination due to fire risk (Table B1) and with PFAS contamination more broadly (B2).  These tables provide guidance on potential sources of PFAS in catchment areas of recreational water bodies, and may be useful for guiding monitoring and risk management planning.

	Secondary Q2.
	What chemicals are of most concern due to their physicochemical properties which may enhance their uptake via dermal, inhalation or ingestion exposure pathways? How can we adjust exposure assumptions for these chemicals?
	No data

	Secondary Q3.
	Should the focus be on “hot spots” i.e. site-specific rather than chemical specific, and/or include periodic toxicity screening of sites to complement chemical testing?
	No data

	Supporting information
	Useful for answering primary research question?
	Partly

	
	Useful for answering secondary research questions?
	Partly

	
	· Key contaminants of concern in recreational waters;
	Contains guidance for PFAS

	
	· Risk assessment methods (including exposure assessment calculations and assumptions);
	 

	
	· Consideration of short, medium- and long-term exposures; and
	Guidelines are based on chronic exposure

	
	· In addition to the last point, consideration of the use of indicator substances for chemical risk assessment and monitoring.
	Recommended indicators for total PFAS risk are PFOA, and sum of PFOS and PFHxS.

	Conclusions/
comments
	Overall Assessment
	The guideline value should be mentioned briefly and in conjunction with G11. Supports response to primary research question.

	
	Reviewer's comment (optional)
	Of minor relevance to the primary research question.
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	G5: AGWR Phase 1 2006

	Criteria
	Assessment
	Notes

	Overall guidance/advice development process
	 
	 

	Are the key stages of the organisation’s advice development processes compatible with Australian processes?
	Yes
	The guidelines were developed by the Australian Government.  They are not mandatory but rather have been developed as an authoritative reference that can be used to support beneficial and sustainable recycling.

	Are the administrative processes documented and publicly available?
	No
	Not reported

	Was the work overseen by an expert advisory committee?
	Yes
	The work was overseen by the Joint Steering Committee of The Natural Resource Management Ministerial Council and the Environment Protection and Heritage Council as well as working groups on Risk Management, Health Risk and Environmental Risk. The names of individual persons on the committee and working groups are listed in the document.

	Are potential conflicts of interest of committee members declared, managed and/or reported?
	No
	Not reported

	Are funding sources declared?
	No
	Not reported

	Was there public consultation on this work? If so, provide details.
	Can't Tell
	Not reported

	Is the advice peer reviewed?
	Can't Tell
	No peer-review process is described in the document or on the related website (https://www.waterquality.gov.au/guidelines/recycled-water#managing-health-and-environmental-risks-phase-1)

	If so, is the peer review outcome documented and/or published?
	No
	Not reported

	Was the guidance/advice developed or updated recently? Provide details.
	No
	Last updated in 2006

	Evidence review parameters
	 
	 

	Are decisions about scope, definitions and evidence review parameters documented and publicly available?
	No
	Not reported

	Is there a preference for data from studies that follow agreed international protocols or meet appropriate industry standards?
	No
	Not reported

	Does the organisation use or undertake systematic literature review methods to identify and select data underpinning the advice? Are the methods used documented clearly?
	No
	Not reported

	If proprietary/confidential studies or data are considered by the agency, are these appropriately described/recorded?
	n/a
	No such studies or data is considered to the reviewer's knowledge

	Are inclusion/exclusion criteria used to select or exclude certain studies from the review? If so, is justification provided?
	No
	Not reported

	Does the organisation use or adopt review findings or risk assessments from other organisations? What process was used to critically assess these external findings?
	Yes
	With respect to chemicals, reference is made (in Section 3.5.4 to the Australian Drinking Water Guidelines (ADWG) and to Table 3.3 of the Recycled Water Guidelines which gives exposures for particular uses of recycled water.  It is suggested that the risks of exposure to chemicals in recycled water can be determined by adjusting the expected daily dose in reference to the 2L per day used for drinking water.  The same approach is proposed for the NHMRC 2008 recreational water quality guidelines.  Since it was produced by another branch of the Commonwealth government, it could be argued that review findings and risk assessments have been adopted from other organisations.

	Can grey literature such as government reports and policy documents be included? 
	Yes
	Grey literature is cited in the chemical hazards section of the document (e.g. reference to the rescinded ADWG 2004 in Section 3.5.4).

	Is there documentation and justification on the selection of a toxicological endpoint for use as point of departure for health-based guideline derivation?
	No
	Not reported

	Evidence search
	 
	 

	Are databases and other sources of evidence specified?
	No
	Not reported

	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)? 
	No
	Not reported

	Is it specified what date range the literature search covers? Is there a justification?
	No
	Not reported

	Are search terms and/or search strings specified? 
	No
	Not reported

	Are there any other exclusion criteria for literature (e.g. publication language, publication dates)? If so, what are they and are they appropriate? 
	No
	Not reported

	Critical appraisal methods and tools
	 
	 

	Is risk of bias of individual studies taken into consideration to assess internal validity? 
	No
	Not reported

	If so, what tools are used? If not, was any method used to assess study quality?
	n/a
	Not reported

	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.
	No
	Not reported

	Does the organisation assess the overall certainty of the evidence and reach recommendations? If so, provide details.
	No
	Not reported

	Derivation of health-based guideline values
	 
	 

	Is there justification for the choice of uncertainty and safety factors? 
	No
	Not reported

	Are the parameter value assumptions documented and explained?  
	No
	Not reported

	Are the mathematical workings/algorithms clearly documented and explained?
	No
	Not reported

	Does the organisation take into consideration non-health related matters to account for feasibility of implementing the guideline values (e.g. measurement attainability)?
	No
	Not reported

	Is there documentation directing use of mechanistic, mode of action, or key events in adverse outcome pathways in deriving health-based guideline values? 
	No
	Not reported

	If expert judgement is required, is the process documented and published?
	No
	Not reported

	Is dose response modelling (e.g. BMDL) routinely used?
	No
	Not reported for chemicals although discussion is included for microbial pathogens.

	Has the organisation’s policy for dealing with substances for which a non-threshold mode of action may be applicable in humans been articulated and recorded?
	No
	Not reported

	If applicable: For carcinogens, what is the level of cancer risk used by the organisation to set the health-based guideline value?
	No
	Not reported

	Comments
	 
	 

	Reviewer Comments
	 
	The AGWR Phase 1 Guidelines are a detailed methods manual for determining risks to human health and environment from physical, chemical and microbiological constituents in recycled water. The assessment methodology in this table is focussed on assessing reviews of epidemiological-type studies so many of the assessment questions are either not appropriate, or only have a minor relevance.  The AGWR Guidelines are useful in providing background information on chemical fate and risk assessment in an Australian context.  They may provide relevant information to assist in answering the primary research question and may also contain some useful information to address some of the secondary questions.

	Useful for answering primary research question?
	Partly
	Quality is satisfactory and content is relevant.

	Useful for answering secondary research questions?
	Partly
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	G5

	Type
	Question
	AGWR Phase 1 2006

	Primary Q.
	Are exposures to the hazards outlined in the PECO Table below likely to give rise to any significant human health risks given that chemical concentrations in recreational waters are generally low?
	The AGWR Phase 1 Guidelines include a brief discussion of chemical hazards in treated sewage effluent (i.e. recycled water) in section 3.5.4, pp. 109-111.  Whilst there is no discussion of impacts of treated sewage discharges on recreational water quality from the perspective of chemical hazards, there is however some discussion of the quality of standard recycled water from sewage.  [Reviewer's note: this is important since discharge of treated effluent in the vicinity of recreational bathing areas is not uncommon.  Assuming a one to two log dilution, an understanding of the concentration of chemical substances in the treated effluent can provide some guidance on the likely concentrations in recreational waters in the vicinity of such discharges].
· The AGWR notes that sewage can contain a wide array of chemicals including inorganic and organic chemicals, pesticides, potential endocrine disruptors, pharmaceuticals and disinfection by-products. 
· Reference is made to the ADWG as a source of information to assist in assessing potential health risks associated with a broad range of inorganic and organic substances.
· It is noted that the ADWG assume an oral intake of 2 L of drinking water per person per day for an adult, and 1 litre per person per day for a child. This equates to 350–700 litres per year, which is 500–1000 times the exposure associated with common uses of recycled water as described in Table 3.3, p 92 of the guidelines.
· Consequently, chemical guideline values for these uses of recycled water can therefore be much higher than those used for drinking water.
· Citing US data (NRC 1996, NRC 1998, USEPA 2004, see AGWR References), AGWR notes that analyses of recycled water indicate that chemical quality generally complies with drinking water quality requirements for most parameters, including heavy metals, organic chemicals, pesticides and disinfection by-products. 
· This is confirmed by unpublished Australian data, which show the following:
· Australian data (Adelaide, Melbourne), shows that average concentrations of nutrients, metals and disinfection by-products (DBPs) such as trihalomethanes (THMs) mostly conform with ADWG values, whilst concentrations of pesticides, polychlorinated biphenyls (PCBs), general organics and non-THM DBPs are generally below levels of detection. 
· Other chemicals tested included nutrients, heavy metals, phenol, toluene, benzene and total PAHs.  These were mostly below ADWG values except nitrate and total PAHs which exceeded ADWG values on occasion. 
AGWR concludes that the Australian data indicate a high rate of compliance with drinking water guideline values. Chemical concentrations that exceeded the values in the ADWG were acceptable, taking into account the reduced exposure compared with drinking water, discussed above.  
[Reviewer's note: based on these observations, the listed contaminants; nutrients, heavy metals, DPBs, PCBs, PAHs, phenol, toluene, and benzene, would not likely pose a risk to recreational water users]

	Secondary Q1.
	What chemicals (that potentially pose a risk to humans) are present at elevated concentrations in recreational waters and what are their sources?
	Note that the above discussion does not include "emerging chemicals and complex mixtures".  These are addressed separately on p. 110 of the document. However, the discussion is brief and out of date.

	Secondary Q2.
	What chemicals are of most concern due to their physicochemical properties which may enhance their uptake via dermal, inhalation or ingestion exposure pathways? How can we adjust exposure assumptions for these chemicals?
	AGWR notes that these the presence of emerging compounds in treated sewage, such as endocrine-disrupting chemicals (EDCs), pharmaceuticals, new disinfection by-products (e.g. NDMA), and complex mixtures, was less well understood and required further research. [Reviewer's note: The guidelines were published in 2006 and this conclusion is out of date]

	Secondary Q3.
	Should the focus be on “hot spots” i.e. site-specific rather than chemical specific, and/or include periodic toxicity screening of sites to complement chemical testing?
	· AGWR concludes that the risk to human health from chemicals in treated sewage is low, providing that preventive measures (e.g. trade-waste programs) are established and maintained to ensure that industrial discharges do not lead to elevated chemical concentrations in recycled water.
· It is noted that small treatment plants and on-site recycled water treatment plants are more susceptible than large plants to unauthorised discharges of industrial and domestic origin. 
· Greater vigilance is required to minimise the occurrence of unauthorised discharges if small plants are used as sources of recycled water.
· For on-site systems in particular, preventive measures should include providing owners of systems with educational material about the need to avoid inappropriate discharges of household chemicals.

	Supporting information
	Useful for answering primary research question?
	Yes

	
	Useful for answering secondary research questions?
	Yes

	
	· Key contaminants of concern in recreational waters;
	Suggests EDCs, pharmaceuticals, new disinfection by-products (e.g. NDMA), and complex mixtures require further study - however this advice is out of date, as the AGWR was published in 2006.

	
	· Risk assessment methods (including exposure assessment calculations and assumptions);
	No data for chemical risk assessment

	
	· Consideration of short, medium- and long-term exposures; and
	No data

	
	· In addition to the last point, consideration of the use of indicator substances for chemical risk assessment and monitoring.
	No data

	
	 
	Section 3.1 to 3.4 (pp.83 to 97) describes quantitative microbial risk assessment (QRMA) methods and concept of tolerable risk and health-based targets (HBTs) incl. µDALYs (disability-adjusted life years times 10-6) 
Section 3.5 p.98 describes pathogens in sewage and log reduction values (LRVs) that can be claimed by different treatment processes for V, P, B.  Also discussed in the chapter are chemical hazards pp. 109-111

	Conclusions/
comments
	Overall Assessment
	Contains useful material in support of primary and secondary research questions

	
	Reviewer's comment (optional)
	Section 3.1 to 3.4 (pp.83 to 97) describes QRMA methods and concept of tolerable risk and HBTs incl. uDALYs
Section 3.5 p.98 describes pathogens in sewage and LRVs that can be claimed by different treatment processes for V, P, B.  Also discussed in the chapter are chemical hazards pp. 109-111
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	G6: AGWR Phase 2 2008

	Criteria
	Assessment
	Notes

	Overall guidance/advice development process
	 
	 

	Are the key stages of the organisation’s advice development processes compatible with Australian processes?
	Yes
	The guidelines were developed by the Australian Government.  They are not mandatory but rather have been developed as an authoritative reference that can be used to support beneficial and sustainable recycling.

	Are the administrative processes documented and publicly available?
	No
	Not reported

	Was the work overseen by an expert advisory committee?
	Yes
	The work was overseen by the Joint Steering Committee of The Natural Resource Management Ministerial Council and the Environment Protection and Heritage Council as well as a working group. The names of individual persons on the committee and working group are listed in the document.

	Are potential conflicts of interest of committee members declared, managed and/or reported?
	No
	Not reported

	Are funding sources declared?
	No
	Not reported

	Was there public consultation on this work? If so, provide details.
	Can't Tell
	Not reported but the reviewer recalls seeing a draft version for discussion around 2007, so it is possible there was a public consultation phase, but that it is not described in the document or on the related website at www.waterquality.gov.au

	Is the advice peer reviewed?
	Can't Tell
	No peer-review process is described in the document or on the related website (https://www.waterquality.gov.au/guidelines/recycled-water#augmentation-of-drinking-water-supplies-phase-2)

	If so, is the peer review outcome documented and/or published?
	No
	Not reported

	Was the guidance/advice developed or updated recently? Provide details.
	No
	Last updated in 2008

	Evidence review parameters
	 
	 

	Are decisions about scope, definitions and evidence review parameters documented and publicly available?
	No
	Not reported

	Is there a preference for data from studies that follow agreed international protocols or meet appropriate industry standards?
	No
	Not reported

	Does the organisation use or undertake systematic literature review methods to identify and select data underpinning the advice? Are the methods used documented clearly?
	No
	Not reported

	If proprietary/confidential studies or data are considered by the agency, are these appropriately described/recorded?
	n/a
	No such studies or data is considered to the reviewer's knowledge

	Are inclusion/exclusion criteria used to select or exclude certain studies from the review? If so, is justification provided?
	n/a
	Not reported

	Does the organisation use or adopt review findings or risk assessments from other organisations? What process was used to critically assess these external findings?
	Yes
	With respect to chemicals, a detailed methodology is given in Appendix A (p. 101) "Setting guidelines for chemicals in drinking water augmented with recycled water".  The methodology is based on the guidance in the Australian Drinking Water Guidelines and also makes reference to a hierarchy of other international drinking water guidelines (Box A2. p.103).  No process is described for the critical assessment of the other international guidelines.

	Can grey literature such as government reports and policy documents be included? 
	Yes
	Grey literature is cited in the document (e.g. other international drinking water guidelines in Box A2. p.103).

	Is there documentation and justification on the selection of a toxicological endpoint for use as point of departure for health-based guideline derivation?
	Yes 
	With respect to chemicals, a detailed methodology is given in Appendix A (p. 101) "Setting guidelines for chemicals in drinking water augmented with recycled water".  The methodology is based on the guidance in the Australian Drinking Water Guidelines.

	Evidence search
	 
	 

	Are databases and other sources of evidence specified?
	n/a
	Not reported

	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)? 
	n/a
	Not reported

	Is it specified what date range the literature search covers? Is there a justification?
	No
	Not reported

	Are search terms and/or search strings specified? 
	No
	Not reported

	Are there any other exclusion criteria for literature (e.g. publication language, publication dates)? If so, what are they and are they appropriate? 
	No
	Not reported

	Critical appraisal methods and tools
	 
	 

	Is risk of bias of individual studies taken into consideration to assess internal validity? 
	No
	Not reported

	If so, what tools are used? If not, was any method used to assess study quality?
	n/a
	Not reported

	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.
	No
	Not reported

	Does the organisation assess the overall certainty of the evidence and reach recommendations? If so, provide details.
	No
	Not reported

	Derivation of health-based guideline values
	 
	 

	Is there justification for the choice of uncertainty and safety factors? 
	Yes
	Described in Appendix A (p. 101) "Setting guidelines for chemicals in drinking water augmented with recycled water". 

	Are the parameter value assumptions documented and explained?  
	Yes
	Parameter value assumptions for toxicological data are listed and referenced.

	Are the mathematical workings/algorithms clearly documented and explained?
	Yes
	Guideline derivation algorithms are clearly described.

	Does the organisation take into consideration non-health related matters to account for feasibility of implementing the guideline values (e.g. measurement attainability)?
	No
	Not reported

	Is there documentation directing use of mechanistic, mode of action, or key events in adverse outcome pathways in deriving health-based guideline values? 
	No
	A minor reference to mode of action occurs on p. 113 in reference to genotoxicity, however no clear reference to the use of mechanistic, or key events in adverse outcome pathways in deriving health-based guideline values is included.

	If expert judgement is required, is the process documented and published?
	No
	Not reported

	Is dose response modelling (e.g. BMDL) routinely used?
	No
	Not reported for chemicals (although is it considered for pathogens in the context for QMRA).

	Has the organisation’s policy for dealing with substances for which a non-threshold mode of action may be applicable in humans been articulated and recorded?
	Yes
	Appendix A (p. 101) provides alternative guideline derivations algorithms for threshold and non-threshold substances.

	If applicable: For carcinogens, what is the level of cancer risk used by the organisation to set the health-based guideline value?
	n/a
	 2 x 10-6 (p. 15 and p.110), refers to ADWG

	Comments
	 
	 

	Reviewer Comments
	 
	The AGWR Phase 2 guidelines are a detailed methods manual for determining risks to human health and environment from physical, chemical and microbiological constituents in recycled water. The assessment methodology in this table is focussed on assessing reviews of epidemiogical-type studies so many of the assessment questions are either not appropriate, or only have a minor relevance.  The AGWR guidelines are useful for the current narrative review in providing background information on chemical fate and risk assessment in an Australian context. They may provide relevant information to assist in answering the primary research question, and may also contain some useful information to address some of the secondary questions.

	Useful for answering primary research question?
	Partly
	Quality is satisfactory and content is relevant.

	Useful for answering secondary research questions?
	Partly
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	Type
	Question
	AGWR Phase 2 2008

	Primary Q.
	Are exposures to the hazards outlined in the PECO Table below likely to give rise to any significant human health risks given that chemical concentrations in recreational waters are generally low?
	AGWR Phase 2 provides a more extensive list of contaminants of interest in recycled water than AGWR Phase 1 and furthermore provides guidelines for an additional list of substances that ADWG does not list (Table 4.4, pp.33-38).  Appendix A, pp. 101 to 134, also provides a detailed methodology for the derivation of guidelines for substances for which there are currently ADWG values.

	Secondary Q1.
	What chemicals (that potentially pose a risk to humans) are present at elevated concentrations in recreational waters and what are their sources?
	The AGWR Phase 2 lists the following chemical groups as potentially present in recycled water (although in most cases, concentrations are expected to be below ADWG values where these exist):
· inorganic chemicals
· nutrients (which could support or promote the development of cyanobacterial blooms in receiving waters)
· pesticides
· water treatment chemicals, chlorinated DBPs and DPBs from advanced oxidation processes. 
· industrial chemicals
· household and garden chemicals
· surfactants
· flame retardants
· human and veterinary pharmaceutical products
· radiological contrast media
· naturally occurring radionuclides
· radionuclides from medical, industrial and research wastes and discharges
· personal-care products (e.g. fragrances, cosmetics, antiperspirants, moisturizers, soaps, creams, whitening agents, dyes and shampoos)
· natural hormones
In addition to the PCBs, PAHs and phenols listed in the AGWR phase 1 guidelines, AGWR Phase 2 lists other general organic chemicals, such as aliphatics, chlorobenzenes, monocyclic hydrocarbons, nitrosamines, organotins, phthalates, plasticizers, sterols and stanols.
[Reviewers note: this list is from 2008 and is out of date]
AGWR Phase 2 notes that the list of chemicals provided in Table 4.4 of the document is extensive; however, more than two-thirds of the chemicals for which tests were performed were reported in the available data sets as being below limits of detection. These included a large range of pharmaceuticals, pesticides, fragrances, fire retardants, surfactants, dioxins, phthalates and organotins.

Elsewhere, AGWR Phase 2 states (p. 42) that data (not cited) for organic chemicals indicate exceedances for a number of disinfection by-products, pesticides and trace organics. The largest exceedances were for:
· benzo(a)pyrene (PAH)
· bromodichloromethane, chloroform and NDMA (disinfection by-products)
· demeton S (pesticide)
· diatrizoic acid (contrast medium)
· 2,6-di-tert-butyl-1,4-benzoquinone (antioxidant)
· 5-methyl-1H-benzotriazole (industrial anticorrosive)
· paraxanthine (caffeine metabolite)
· propylenedinitrilotetraacetic acid (PDTA, chelating agent)
[Reviewer's note: concentrations of these compounds would be diluted 10-fold or more in the receiving waters and any recreational water quality guideline would also be based on an assumed dose of 10% or less than the drinking water guideline.  Thus, additional safety factors of 100 or more would apply in a recreational water environment]

	Secondary Q2.
	What chemicals are of most concern due to their physicochemical properties which may enhance their uptake via dermal, inhalation or ingestion exposure pathways? How can we adjust exposure assumptions for these chemicals?
	No data

	Secondary Q3.
	Should the focus be on “hot spots” i.e. site-specific rather than chemical specific, and/or include periodic toxicity screening of sites to complement chemical testing?
	No data

	Supporting information
	Useful for answering primary research question?
	Yes

	
	Useful for answering secondary research questions?
	Yes

	
	· Key contaminants of concern in recreational waters;
	Extensive listing of contaminants of concern in recycled waters.  No specific reference to recreational water but treated wastewater (i.e. recycled water) discharges in the vicinity of recreational water use areas are common in Australia.  

	
	· Risk assessment methods (including exposure assessment calculations and assumptions);
	No data on exposure, but detailed information for guideline derivation for chemicals in water.

	
	· Consideration of short, medium- and long-term exposures; and
	Guideline derivation is focussed on chronic exposure.

	
	· In addition to the last point, consideration of the use of indicator substances for chemical risk assessment and monitoring.
	No data

	Conclusions/
comments
	Overall Assessment
	Contains useful material in support of primary and secondary research questions

	
	Reviewer's comment (optional)
	Provides further guidance in support of the Phase 1 AGWR guideline for Augmentation of Drinking Water Supplies with Recycled Water.
Section 3 pp. 13-15 describes HBTs. 
Section 4.2.4 pp. 25-43 describes Hazard identification and risk assessment for pathogens and chemical hazards.  Includes Table 4.4 Chemicals detected in secondary treated sewage, maximum concentrations and guideline values
Section 4.3 pp. 44 to 55 described Preventative Measures for Recycled Water Management.
Appendix A, pp. 101 to 134 describes methods for Setting guidelines for chemicals in drinking water augmented with recycled water



[bookmark: _Toc106794488]US EPA (2019) (Cyanotoxins)
[bookmark: _Toc106794489]Quality assessment
	 
	G9: US EPA 2019 Algal toxins criteria

	Criteria
	Assessment
	Notes

	Overall guidance/advice development process
	 
	 

	Are the key stages of the organisation’s advice development processes compatible with Australian processes?
	Yes
	This document deals only with the cyanotoxins Microcystins and Cylindrospermopsin, however it provides detailed methods for chemical exposure assessment during recreational water use for ingestion, inhalation and dermal exposure pathways and so could be applied to other water-associated chemical toxins.  The methods are consistent with the enHealth 2012 guidelines (and thus compatible with Australian processes) but provide more information on exposure rates.  

	Are the administrative processes documented and publicly available?
	No
	Appendix C provides a description of literature search processes including databases and search strings for 5 different research questions.  The only research question relevant to the current narrative review was Research Question 4: "What new information, if any, is available regarding how aquatic recreational exposure ingestion rates in children differ among age groups between zero and 18 years?".  The other questions were about cyanotoxin issues.  Appendix F describes the results of the review of ingestion studies.

	Was the work overseen by an expert advisory committee?
	Can't Tell
	Reference is made in the acknowledgements to some senior US EPA staff from the Office of Science and Technology and US EPA internal technical reviewers (unnamed), however there is no explicit reference to an expert committee overseeing the development of the guidelines.

	Are potential conflicts of interest of committee members declared, managed and/or reported?
	No
	Not reported

	Are funding sources declared?
	No
	Not reported

	Was there public consultation on this work? If so, provide details.
	Can't Tell
	Not reported

	Is the advice peer reviewed?
	Yes
	The document foreword states that "this document has undergone an EPA intra-agency peer-review process. The Health and Ecological Criteria Division, Office of Science and Technology, Office of Water, U.S. Environmental Protection Agency has completed the final review and the document is approved for publication. The values were derived using the existing peer-reviewed and published science on the adverse human health effects of the toxins including previous EPA analysis, such as the EPA’s Health Effects Support Document for the Cyanobacterial Toxin Microcystins and Health Effects Support Document for the Cyanobacterial Toxin Cylindrospermopsin (HESDs), and the EPA’s Drinking Water Health Advisory for the Cyanobacterial Microcystin Toxins and Drinking Water Health Advisory for the Cyanobacterial Toxin Cylindrospermopsin (Drinking Water Health Advisories) (U.S. EPA 2015a, 2015b, 2015c, 2015d). The EPA used established criteria methodologies (U.S. EPA 2000) and recreation-specific exposure parameters from the EPA’s Exposure Factors Handbook (EFH) (U.S. EPA 2011) to derive these values." See documents for cited references.

	If so, is the peer review outcome documented and/or published?
	No
	Not reported

	Was the guidance/advice developed or updated recently? Provide details.
	Yes
	The document was published relevantly recently (May 2019).

	Evidence review parameters
	 
	 

	Are decisions about scope, definitions and evidence review parameters documented and publicly available?
	No
	Not reported.  Research questions are listed in Appendix C but there is no clear documentation of definitions and evidence review parameters.

	Is there a preference for data from studies that follow agreed international protocols or meet appropriate industry standards?
	No
	Not reported

	Does the organisation use or undertake systematic literature review methods to identify and select data underpinning the advice? Are the methods used documented clearly?
	Yes
	Appendix C refers to Health Effects Support Documents (HESDs) which describe detailed search results and search methodology.

	If proprietary/confidential studies or data are considered by the agency, are these appropriately described/recorded?
	n/a
	Not reported

	Are inclusion/exclusion criteria used to select or exclude certain studies from the review? If so, is justification provided?
	Yes
	Only articles in English are reviewed (e.g. p. C3, 3rd para from bottom).  No justification is provided.  Date ranges vary depending on question, but all cease in 2015.

	Does the organisation use or adopt review findings or risk assessments from other organisations? What process was used to critically assess these external findings?
	No
	The literature assessed appears to be primary research articles from peer-reviewed literature or other US EPA studies.  

	Can grey literature such as government reports and policy documents be included? 
	Yes
	Certain sections of the report make use of grey literature sources e.g. Appendix B which lists State Recreational Water Guidelines for Cyanotoxins and Cyanobacteria.  Also, the literature review on incidental ingestion (Appendix E) cites other US EPA documents such as the 2011 Exposure Factors Handbook. 

	Is there documentation and justification on the selection of a toxicological endpoint for use as point of departure for health-based guideline derivation?
	n/a
	With respect to recreational water contaminants, the document only deals with microcystins and cylindrospermopsins and in each case referes to other US EPA Health Effects Support Document (HESD) reports for each toxin (Section 5.2, Dose-response assessment, p. 71)

	Evidence search
	 
	 

	Are databases and other sources of evidence specified?
	Yes
	PubMed and Web of Science are cited as literature search engines in Appendix C.

	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)? 
	Yes
	PubMed and Web of Science are cited (Appendix C.)

	Is it specified what date range the literature search covers? Is there a justification?
	Yes
	Date ranges vary depending on question, but all cease September 2015

	Are search terms and/or search strings specified? 
	Yes
	Search strings for the research questions in Appendix C are listed.

	Are there any other exclusion criteria for literature (e.g. publication language, publication dates)? If so, what are they and are they appropriate? 
	No
	English only articles reviewed (e.g. p. C3, 3rd para from bottom).  This is appropriate as the bulk of the scientific literature is in English.

	Critical appraisal methods and tools
	 
	 

	Is risk of bias of individual studies taken into consideration to assess internal validity? 
	No
	Not reported

	If so, what tools are used? If not, was any method used to assess study quality?
	No
	Not reported

	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.
	No
	Not reported

	Does the organisation assess the overall certainty of the evidence and reach recommendations? If so, provide details.
	Yes
	Based on available noncancer health effects information, the document recommends concentrations of microcystins and cylindrospermopsin protective of primary contact recreation.  But note that neither of these toxins is in the scope of the current narrative review.

	Derivation of health-based guideline values
	 
	 

	Is there justification for the choice of uncertainty and safety factors? 
	No
	Not reported

	Are the parameter value assumptions documented and explained?  
	Yes
	Recommendations for concentrations of Microcystins and Cylindrospermopsin protective of primary contact recreation are given (p.17).

	Are the mathematical workings/algorithms clearly documented and explained?
	Yes
	Guideline derivation algorithms based on reference doses of Microcystins and Cylindrospermopsin are clearly described (p. 52).

	Does the organisation take into consideration non-health related matters to account for feasibility of implementing the guideline values (e.g. measurement attainability)?
	No
	Not reported

	Is there documentation directing use of mechanistic, mode of action, or key events in adverse outcome pathways in deriving health-based guideline values? 
	Can't Tell
	There is some discussion of mechanistic outcome pathways and modes of action in the document, however the documents relies on RfDs from the  US EPA’s Health Effects Support Document for the Cyanobacterial Toxin Microcystins and Health Effects Support Document for the Cyanobacterial Toxin Cylindrospermopsin (HESDs), and the EPA’s Drinking Water Health Advisory for the Cyanobacterial Microcystin Toxins and Drinking Water Health Advisory for the Cyanobacterial Toxin Cylindrospermopsin (Drinking Water Health Advisories) (U.S. EPA 2015a, 2015b, 2015c, 2015d).  References cited within the HESD documents.

	If expert judgement is required, is the process documented and published?
	No
	Not reported

	Is dose response modelling (e.g. BMDL) routinely used?
	Can't Tell
	Not reported.  May be addressed in HESD documents, but since the listed toxins are out of scope of the current narrative review, this has not been ascertained.

	Has the organisation’s policy for dealing with substances for which a non-threshold mode of action may be applicable in humans been articulated and recorded?
	Can't Tell
	See above

	If applicable: For carcinogens, what is the level of cancer risk used by the organisation to set the health-based guideline value?
	Can't Tell
	See above

	Comments
	 
	 

	Reviewer Comments
	 
	Contains detailed methods for chemical exposure assessment during recreational water use.
Committee comments: While this report is focussed on cyanotoxins (which are being considered in another narrative review), its approach can be applied to other water associated toxins. 

	Useful for answering primary research question?
	No
	Quality is satisfactory and content is relevant.

	Useful for answering secondary research questions?
	Partly
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	G9

	Type
	Question
	US EPA 2019 Algal toxins criteria

	Primary Q.
	Are exposures to the hazards outlined in the PECO Table below likely to give rise to any significant human health risks given that chemical concentrations in recreational waters are generally low?
	Although this document is focused on Microcystins and Cylindrospermopsin only, it provides detailed methods for chemical exposure assessment during recreational water use for ingestion, inhalation and dermal exposure pathways and so could be applied to other water-associated chemical toxins.

	Secondary Q1.
	What chemicals (that potentially pose a risk to humans) are present at elevated concentrations in recreational waters and what are their sources?
	No data

	Secondary Q2.
	What chemicals are of most concern due to their physicochemical properties which may enhance their uptake via dermal, inhalation or ingestion exposure pathways? How can we adjust exposure assumptions for these chemicals?
	The document provides a method for quantifying chemical uptake due to ingestion, inhalation and dermal exposure for water-associated chemical toxins.  Exposure formulas presented identify the relevant physicochemical properties for which estimates are required.  [Reviewer's note: exposure assumptions for chemicals would most likely only differ between substances due to different sources, or different physicochemical properties. The former can be determined by sanitary survey methods and the latter by reference to databases of chemical physicochemical properties such as the OECD's QSAR Toolbox, or US EPA's online Chemistry Dashboard, or other such databases).

Exposure pathways
The US EPA 2019 Cyanotoxins document notes that recreational exposure data available in the literature are expressed in two primary ways: 
1) the volume of water incidentally ingested during recreation (e.g. L/hr), and 
2) the duration of the recreational activity (e.g. minutes of recreation per day). 
A daily incidental ingestion rate distribution was developed by combining these two distributions. The 90th percentile of the daily incidental ingestion rate distribution for children was selected for the derivation of the criteria and swimming advisories.  This approach is slightly different from the US EPA 2019 Chapter 3 update of the Exposure Factors Handbook [EFH].

Duration of the recreational activity
The EPA identified the following sources of data on the duration of the recreational activity: the US EPA’s 2011 version of the EFH; Schets et al. (2011); and DeFlorio-Barker et al. (2017).  The US EPA considered these three studies and selected the 2011 EFH for use in deriving the criteria and swimming advisories primarily because the EFH dataset represents exposures in minutes per day. Other datasets measured the duration of recreational exposure on an event basis, which require assumptions about how many recreational events occur per day to create the relevant distribution.

Note that the 2019 update to Chapter 3 of the EFH addressed ingestion rates during swimming and relied heavily on the study by Dufour et al. (2006) “Water Ingestion during Swimming Activities in a Pool: A Pilot Study”; and Dufour et al. (2017) “Ingestion of Swimming Pool Water by Recreational Swimmers”.  It is apparent that the US EPA 2019 algal toxins document was produced before the 2019 update to Chapter 3 of the EFH was available.

Dermal and inhalation pathways
Dermal and inhalation pathways were also reviewed, and methodologies provided for computing exposure to cyanotoxins in recreational waters.  

Inhalation
Inhalation rates (Section 7.4.1, p.87) were obtained from the US EPA's 2011 Exposure Factors Handbook.  The methodology for determining the inhaled dose is as follows:

Inhalation dose (ng/day) = Inhalation rate × Inhalation duration × Concentrationair

Where:
Inhalation rate = inhalation rate from the US EPA’s 2011 EFH (U.S. EPA 2011; Table 6-2) (m3/min)

Inhalation duration = inhalation exposure duration from the EPA’s EFH (U.S. EPA 2011;Table 16-20) (minutes/day)

Concentrationair = concentration in air (for Cyanotoxins this is 0.08 ng/m3,  assumed from Cheng et al., 2007) (ng/m3).  [Reviewers note: for other chemicals this could be calculated for other chemicals given Henry's Law Constant, estimates of water concentrations and assumptions on air exchange at the water recreation site]

Different rates are reported for children and adults.

Dermal
For dermal absorption (Section 7.4.2, p. 91), no peer-reviewed studies were identified and therefore a comparative screening analysis was undertaken to estimate the potential dermal absorbed dose of microcystins and compare it to the incidentally ingested dose

The EPA’s Dermal Exposure Assessment: A Summary of EPA Approaches (U.S. EPA 2007)
states that to get through the skin, a chemical must dissolve into the stratum corneum, which is a stabilized lipid barrier; therefore, lipid solubility is required initially (U.S. EPA 2007).

To estimate the potential dermal absorbed dose, the EPA used exposure equations in its Risk Assessment Guidance for Superfund (U.S. EPA 2004). The first step was to use chemical-specific octanol-water partition coefficient and molecular weight values to estimate dermal permeability, a parameter needed for the equation to estimate dermally absorbed dose.

The equation to estimate skin permeability coefficient from U.S. EPA (2004) is:
Log Kp = -2.80 + 0.66 × log Kow -0.0056 × MW

Where:
Kp = dermal permeability coefficient of compound in water
(cm/hour) 
Kow = octanol-water partition coefficient (dimensionless) 
MW = molecular weight (g/mole)

Dermal absorbed dose = Kp × Concentrationwater × t

Where:
Dermal absorbed dose = dermal absorbed dose per event (mg/cm2-event)
Kp = dermal permeability coefficient of compound in water (cm/hour)
Concentrationwater = chemical concentration in water (mg/cm3)
t = event duration (hour/event)

	Secondary Q3.
	Should the focus be on “hot spots” i.e. site-specific rather than chemical specific, and/or include periodic toxicity screening of sites to complement chemical testing?
	No data

	Supporting information
	Useful for answering primary research question?
	Partly

	
	Useful for answering secondary research questions?
	Yes

	
	· Key contaminants of concern in recreational waters;
	No data

	
	· Risk assessment methods (including exposure assessment calculations and assumptions);
	Contains useful guidance on calculation of risk

	
	· Consideration of short, medium- and long-term exposures; and
	No data

	
	· In addition to the last point, consideration of the use of indicator substances for chemical risk assessment and monitoring.
	No data

	Conclusions/
comments
	Overall Assessment
	Provides some material in support of secondary research question 2. 

	
	Reviewer's comment (optional)
	Contains detailed methods for chemical exposure assessment during recreational water use.
Committee comments: While this report is focussed on cyanotoxins (which are being considered in another narrative review), its approach can be applied to other water associated toxins. 
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	G10: WHO 2016 Surface Water RA

	Criteria
	Assessment
	Notes

	Overall guidance/advice development process
	 
	 

	Are the key stages of the organisation’s advice development processes compatible with Australian processes?
	Yes
	The document provides general technical reference for assessing the risks to water quality for a water body.  The emphasis is on the protection of drinking water quality, however the risk-based approach described is well laid out and consistent with Australian processes for water quality risk assessment and could be used as a guide to assessing water quality risks at Australian water recreation sites. 

	Are the administrative processes documented and publicly available?
	No
	Not reported.  A large list of contributors and reviewers is listed in the acknowledgements.

	Was the work overseen by an expert advisory committee?
	Yes
	Reference is made in the acknowledgements to lead editors, key contributor and to reviewers, all of which are likely to be experts in the area.  Of the many key contributors that are known to the reviewer, all are water quality and public health experts of high standing.  In a strict sense, no reference is made to an expert advisory committee, however, the role of the lead editors and key contributors is considered to meet this criterion.

	Are potential conflicts of interest of committee members declared, managed and/or reported?
	No
	Not reported

	Are funding sources declared?
	No
	Not reported

	Was there public consultation on this work? If so, provide details.
	No
	Not reported

	Is the advice peer reviewed?
	Yes
	A list of technical reviewers is listed in the acknowledgements.

	If so, is the peer review outcome documented and/or published?
	No
	Not reported

	Was the guidance/advice developed or updated recently? Provide details.
	No
	The document was published in 2016 and has not been updated since that time.

	Evidence review parameters
	 
	 

	Are decisions about scope, definitions and evidence review parameters documented and publicly available?
	No
	Not reported

	Is there a preference for data from studies that follow agreed international protocols or meet appropriate industry standards?
	No
	Not reported

	Does the organisation use or undertake systematic literature review methods to identify and select data underpinning the advice? Are the methods used documented clearly?
	Can't Tell
	Not reported

	If proprietary/confidential studies or data are considered by the agency, are these appropriately described/recorded?
	Can't Tell
	Not reported

	Are inclusion/exclusion criteria used to select or exclude certain studies from the review? If so, is justification provided?
	Can't Tell
	Not reported

	Does the organisation use or adopt review findings or risk assessments from other organisations? What process was used to critically assess these external findings?
	No
	Not reported

	Can grey literature such as government reports and policy documents be included? 
	Yes
	Grey literature is cited throughout the document (e.g. WHO and US EPA publications).

	Is there documentation and justification on the selection of a toxicological endpoint for use as point of departure for health-based guideline derivation?
	n/a
	The document does not contain health-based guidelines.

	Evidence search
	 
	 

	Are databases and other sources of evidence specified?
	No
	Not reported

	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)? 
	Can't Tell
	Not reported

	Is it specified what date range the literature search covers? Is there a justification?
	No
	Not reported

	Are search terms and/or search strings specified? 
	No
	Not reported

	Are there any other exclusion criteria for literature (e.g. publication language, publication dates)? If so, what are they and are they appropriate? 
	No
	Not reported

	Critical appraisal methods and tools
	 
	 

	Is risk of bias of individual studies taken into consideration to assess internal validity? 
	No
	Not reported

	If so, what tools are used? If not, was any method used to assess study quality?
	n/a
	Not reported

	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.
	No
	Not reported

	Does the organisation assess the overall certainty of the evidence and reach recommendations? If so, provide details.
	No
	Not reported

	Derivation of health-based guideline values
	 
	 

	Is there justification for the choice of uncertainty and safety factors? 
	n/a
	The document does not contain health-based guidelines.

	Are the parameter value assumptions documented and explained?  
	n/a
	The document does not contain health-based guidelines.

	Are the mathematical workings/algorithms clearly documented and explained?
	n/a
	The document does not contain health-based guidelines.

	Does the organisation take into consideration non-health related matters to account for feasibility of implementing the guideline values (e.g. measurement attainability)?
	n/a
	The document does not contain health-based guidelines.

	Is there documentation directing use of mechanistic, mode of action, or key events in adverse outcome pathways in deriving health-based guideline values? 
	n/a
	The document does not contain health-based guidelines.

	If expert judgement is required, is the process documented and published?
	n/a
	The document does not contain health-based guidelines.

	Is dose response modelling (e.g. BMDL) routinely used?
	n/a
	The document does not contain health-based guidelines.

	Has the organisation’s policy for dealing with substances for which a non-threshold mode of action may be applicable in humans been articulated and recorded?
	n/a
	The document does not contain health-based guidelines.

	If applicable: For carcinogens, what is the level of cancer risk used by the organisation to set the health-based guideline value?
	n/a
	The document does not contain health-based guidelines.

	Comments
	 
	 

	Reviewer Comments
	 
	Although the current narrative review is in support of an update of the water quality component of the recreational water guidelines, it is useful to consider the information on the existing guidelines as a baseline for comparison with any new findings, data, or scientific consensus from the current period.

	Useful for answering primary research question?
	Partly
	Quality is satisfactory and content is relevant.

	Useful for answering secondary research questions?
	Partly
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	Type
	Question
	WHO 2016 Surface Water RA

	Primary Q.
	Are exposures to the hazards outlined in the PECO Table below likely to give rise to any significant human health risks given that chemical concentrations in recreational waters are generally low?
	Section 2.1.2 p.20 of the document discusses "Chemical hazards in surface waters".  A very general discussion on sources and types of substances is presented, followed by slightly more focused discussion on key chemical groups.  The groupings are listed below and in the case of volatile and semi-volatile organic compounds (VOCs and SVOCs) includes some additional supporting information that may be useful in support of the update to the NHMRC Guidelines.

The document had a number of limitations regarding the technical depth.  Its focus is on general surface water quality, rather than on the quality of recreational waters, so much of the content is tangential to the topic of this current narrative review and developed for a more general l audience.

	Secondary Q1.
	What chemicals (that potentially pose a risk to humans) are present at elevated concentrations in recreational waters and what are their sources?
	The document provides some general commentary on broad classes of chemicals, with some specific substances listed, and potential sources in surface waters.  

Key chemical groups discussed are:
· Inorganic chemicals
· Major ions
· Nitrogen
· Arsenic
· Metals
· Anthropogenic organic substances
· Pesticides
· Volatile organic compounds (VOCs)
§ VOCs are small, often relatively polar, molecules that are sparingly to very soluble in water, with solubilities spanning 100–20 000 mg/L [Reviewer's note: although not stated, commercial analytical laboratories often provide screening analyses for this class of compounds, hence its popular use in environmental water quality assessments]
§ VOCs are poorly sorbed to solids (due to their low Log Kow) and are primarily
attenuated in surface waters by simple volatilisation to the atmosphere. This significantly reduces VOC risks to surface waters.
○ Semi-volatile organic compounds (SVOCs)
§ SVOCs have been variously defined as organic compounds that have boiling points higher than water.
§ The most widely used SVOC analytical methods are those developed by the US EPA. These methods tend to screen a wide range of SVOCs and include a diversity of compound types such as PAHs, chloro- and nitro-phenols, anilines, phthalates, halogenated benzenes and ethers.
§ As a generalization, with increasing molecular weight (size), SVOCs are likely to be less volatile, have lower aqueous solubility, be increasingly hydrophobic (higher Log Kow) and prone to greater sorption to sediments. They will also be less bioavailable for biodegradation, and undergo greater partitioning to biota and to “bioaccumulation” (i.e. the accumulation of a compound in the tissue of an organism over time). An approximate trigger value of Log Kow >3 is used to identify compounds that may bioaccumulate or significantly sorb to sediments.
  ○ Natural organic substances (NOM)
• Emerging issues in relation to chemical hazards in surface-water catchments
  ○ Pharmaceutically active compounds
  ○ Endocrine-disrupting compounds

Section 2.2.3, p.49 discusses "Transport and attenuation processes influencing pollution" and provides general discussion on the following processes
• Dispersion and dilution
• Volatilization
• Sedimentation
• Sedimentation after sorption to solids or colloids
• Chemical reaction (transformation)

	Secondary Q2.
	What chemicals are of most concern due to their physicochemical properties which may enhance their uptake via dermal, inhalation or ingestion exposure pathways? How can we adjust exposure assumptions for these chemicals?
	Compounds with a log Kow < 3 are more likely to be found in surface waters as above this value, the compounds are likely to sorb to sediments [Reviewers note: another pathway to the sediments is to bind to particulate organic matter and settle to the sediments with the rate governed by Stoke's Law].

	Secondary Q3.
	Should the focus be on “hot spots” i.e. site-specific rather than chemical specific, and/or include periodic toxicity screening of sites to complement chemical testing?
	No data.  [Reviewers note:  The broader catchment or source water safety plan development described in the document would be a useful approach to consider for management of recreational water quality areas]

	Supporting information
	Useful for answering primary research question?
	Yes

	
	Useful for answering secondary research questions?
	Yes

	
	· Key contaminants of concern in recreational waters;
	Some general discussion provided.

	
	· Risk assessment methods (including exposure assessment calculations and assumptions);
	Provides useful general guidance on development of a catchment water safety plan.

	
	· Consideration of short, medium- and long-term exposures; and
	No data

	
	· In addition to the last point, consideration of the use of indicator substances for chemical risk assessment and monitoring.
	No data

	Conclusions/
comments
	Overall Assessment
	Lists some classes of contaminants of concern in surface waters

	
	Reviewer's comment (optional)
	Detailed methods for surface water health assessment.  Section 2.1.2, p. 20 discusses Chemical Hazards in surface waters including inorganics, anthropogenic, natural organic substances, and Emerging issues including pharmaceutically active compounds (PhACs) and Endocrine disrupting compounds (EDCs).  Box 2.3 on p. 32 discusses trace chemicals for which there are no regulatory limits or drinking-water guideline values
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	G11: NHMRC 2019 PFAS Recreational WQ Guidance

	Criteria
	Assessment
	Notes

	Overall guidance/advice development process
	 
	 

	Are the key stages of the organisation’s advice development processes compatible with Australian processes?
	Yes
	The PFAS guidelines were developed by the Australian Government.  They are not mandatory but rather have been developed as a tool for state and territory governments to develop legislation and standards appropriate for local conditions and circumstances.  

	Are the administrative processes documented and publicly available?
	No
	Not reported

	Was the work overseen by an expert advisory committee?
	Yes
	Reference is made to the National Health and Medical Research Council’s Water Quality Advisory Committee although the role of the committee is not clearly described, nor are the member's identities listed.

	Are potential conflicts of interest of committee members declared, managed and/or reported?
	No
	Not reported

	Are funding sources declared?
	No
	Not reported

	Was there public consultation on this work? If so, provide details.
	Can't Tell
	Not reported

	Is the advice peer reviewed?
	Yes
	According to the NHMRC website (https://www.nhmrc.gov.au/about-us/publications/guidelines-managing-risks-recreational-water/pfas-guidance-recreational-water-faqs, accessed 21 March 2021) "NHMRC’s Water Quality Advisory Committee, the experts on public health issues related to water quality, developed the guidance. The guidance is also informed by the risk assessment on PFAS undertaken by Food Standards Australia New Zealand. The Environmental Health Standing Committee was also consulted in the development of this guidance".

	If so, is the peer review outcome documented and/or published?
	No
	Not reported

	Was the guidance/advice developed or updated recently? Provide details.
	Yes
	The document was published relatively recently (2019).

	Evidence review parameters
	 
	 

	Are decisions about scope, definitions and evidence review parameters documented and publicly available?
	Can't Tell
	The guidance is informed by the risk assessment on PFAS undertaken by Food Standards Australia New Zealand (FSANZ).  The listed reference is: Food Standards Australia New Zealand (2017), Hazard Assessment Report: Perfluorooctane sulfonate (PFOS), Perfluorooctanoic acid (PFOA) and Perfluorohexane sulfonate (PFHxS)) (https://www1.health.gov.au/internet/main/publishing.nsf/Content/ohp-pfas-hbgv.htm, accessed 21 March 2021).  Decisions about scope, definitions and evidence review parameters may be documented in the FSANZ report, but consideration of that document is beyond the scope of this review.

	Is there a preference for data from studies that follow agreed international protocols or meet appropriate industry standards?
	Can't Tell
	The guidance is informed by the FSANZ risk assessment on PFAS.  Consideration of the FSANZ document is beyond the scope of this review. It is understood that the FSANZ review includes international hazard reviews of PFAS.

	Does the organisation use or undertake systematic literature review methods to identify and select data underpinning the advice? Are the methods used documented clearly?
	Can't Tell
	The guidance is informed by the FSANZ risk assessment on PFAS.  Consideration of the FSANZ document is beyond the scope of this review.

	If proprietary/confidential studies or data are considered by the agency, are these appropriately described/recorded?
	Can't Tell
	The guidance is informed by the FSANZ risk assessment on PFAS.  Consideration of the FSANZ document is beyond the scope of this review.

	Are inclusion/exclusion criteria used to select or exclude certain studies from the review? If so, is justification provided?
	Can't Tell
	The guidance is informed by the FSANZ risk assessment on PFAS.  Consideration of the FSANZ document is beyond the scope of this review.

	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't Tell
	The guidance is informed by the FSANZ risk assessment on PFAS.  Consideration of the FSANZ document is beyond the scope of this review.

	Can grey literature such as government reports and policy documents be included? 
	Yes
	Grey literature is cited in the document (e.g. FSANZ 2017).

	Is there documentation and justification on the selection of a toxicological endpoint for use as point of departure for health-based guideline derivation?
	No
	The guidance is informed by the FSANZ risk assessment on PFAS.  Documentation and justification on the selection of a toxicological endpoint for use as point of departure for health-based guideline derivation may be included in the FSANZ document, but review of that document is beyond the scope of this review.

	Evidence search
	 
	 

	Are databases and other sources of evidence specified?
	n/a
	The guidance is informed by the FSANZ risk assessment on PFAS (FSANZ 2017) but review of that document is beyond the scope of this review.

	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)? 
	n/a
	The guidance is informed by the FSANZ risk assessment on PFAS (FSANZ 2017) but review of that document is beyond the scope of this review.

	Is it specified what date range the literature search covers? Is there a justification?
	No
	The guidance is informed by the FSANZ risk assessment on PFAS (FSANZ 2017) but review of that document is beyond the scope of this review.

	Are search terms and/or search strings specified? 
	No
	The guidance is informed by the FSANZ risk assessment on PFAS (FSANZ 2017) but review of that document is beyond the scope of this review.

	Are there any other exclusion criteria for literature (e.g. publication language, publication dates)? If so, what are they and are they appropriate? 
	No
	The guidance is informed by the FSANZ risk assessment on PFAS (FSANZ 2017) but review of that document is beyond the scope of this review.

	Critical appraisal methods and tools
	 
	 

	Is risk of bias of individual studies taken into consideration to assess internal validity? 
	No
	The guidance is informed by the FSANZ risk assessment on PFAS (FSANZ 2017) but review of that document is beyond the scope of this review. It is noted that the FSANZ document does include consideration of risk of bias.

	If so, what tools are used? If not, was any method used to assess study quality?
	n/a
	Not reported.  May be addressed in FSANZ 2017.

	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.
	Can't Tell
	Not reported.  May be addressed in FSANZ 2017.

	Does the organisation assess the overall certainty of the evidence and reach recommendations? If so, provide details.
	Can't Tell
	Not reported.  May be addressed in FSANZ 2017.

	Derivation of health-based guideline values
	 
	 

	Is there justification for the choice of uncertainty and safety factors? 
	No
	Not reported.  May be addressed in FSANZ 2017.

	Are the parameter value assumptions documented and explained?  
	No
	Not reported.  May be addressed in FSANZ 2017.

	Are the mathematical workings/algorithms clearly documented and explained?
	Yes
	The algorithms for determining the value of recreational water guideline for PFOS and PFOA are given.  Algorithms for point of departure, etc. are not presented but may be included in FSANZ 2017.

	Does the organisation take into consideration non-health related matters to account for feasibility of implementing the guideline values (e.g. measurement attainability)?
	No
	Not reported

	Is there documentation directing use of mechanistic, mode of action, or key events in adverse outcome pathways in deriving health-based guideline values? 
	No
	Not reported.  May be addressed in FSANZ 2017.

	If expert judgement is required, is the process documented and published?
	No
	Not reported.  May be addressed in FSANZ 2017.

	Is dose response modelling (e.g. BMDL) routinely used?
	No
	Not reported.  May be addressed in FSANZ 2017.

	Has the organisation’s policy for dealing with substances for which a non-threshold mode of action may be applicable in humans been articulated and recorded?
	No
	Not reported.  May be addressed in FSANZ 2017.

	If applicable: For carcinogens, what is the level of cancer risk used by the organisation to set the health-based guideline value?
	n/a
	Not reported.  May be addressed in FSANZ 2017.

	Comments
	 
	 

	Reviewer Comments
	 
	Brief document describing the development of the guideline

	Useful for answering primary research question?
	Partly
	Quality is satisfactory and content is relevant.

	Useful for answering secondary research questions?
	Partly
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	G11

	Type
	Question
	NHMRC 2019 PFAS Recreational WQ Guidance

	Primary Q.
	Are exposures to the hazards outlined in the PECO Table below likely to give rise to any significant human health risks given that chemical concentrations in recreational waters are generally low?
	• While some water near contaminated sites has been monitored for PFAS, this has not been done routinely for Australian recreational water.
• The guidelines note that published data on recreational water samples are scarce.  Reference is made to environmental studies including a study on the Brisbane River undertaken to provide an estimate of the release of PFAS from flooded urban areas. PFOA (mean 0.0001- 0.006 μg/L) and PFOS (mean 0.0002 - 0.02 μg/L) were the most frequently detected and abundant PFAS (citing Gallen et al. 2014).
• Elsewhere, a study of PFAS (citing Thompson et al., 2011) in environmental samples taken from Homebush Bay in the upper reaches of Sydney Harbour and Parramatta River Estuary, both urban/industrial areas, detected concentrations of PFOA 0.004-0.006 μg/L and PFOS 0.007-0.2 μg/L respectively.
These measurements suggest background concentrations of PFAS at recreational water areas, would be generally well below guideline levels, unless a major source, such as a contaminated site, was present in the water catchment area.

	Secondary Q1.
	What chemicals (that potentially pose a risk to humans) are present at elevated concentrations in recreational waters and what are their sources?
	No data

	Secondary Q2.
	What chemicals are of most concern due to their physicochemical properties which may enhance their uptake via dermal, inhalation or ingestion exposure pathways? How can we adjust exposure assumptions for these chemicals?
	No data

	Secondary Q3.
	Should the focus be on “hot spots” i.e. site-specific rather than chemical specific, and/or include periodic toxicity screening of sites to complement chemical testing?
	· No data

	Supporting information
	Useful for answering primary research question?
	Yes

	
	Useful for answering secondary research questions?
	Yes

	
	· Key contaminants of concern in recreational waters;
	PFAS risks are determined by measurement of PFOA and sum of PFOS and PFHxS

	
	· Risk assessment methods (including exposure assessment calculations and assumptions);
	Exposure routes
· The major pathway for human exposure to PFAS is via food and consumer products.  
· With respect to recreational water, ingestion is considered the most significant exposure pathway, whereas dermal exposure and inhalation are considered negligible due to the high molecular weight and low volatility of key PFAS such as PFOS and PFOA (studies cited in report).  
· Other studies cited indicated that under typical conditions, skin is resistant to PFOS and PFOA transport.
Guideline derivation
· FSANZ concluded that available human epidemiology data are not suitable to support the derivation of tolerable daily intakes (TDIs) for PFOS or PFOA, which is consistent with the findings of other regulatory agencies.
· Therefore, FSANZ has recommended TDIs based on extensive toxicological databases in laboratory animals (FSANZ, 2017).
· TDIs for PFOS and PFHxS combined is 0.02 µg/kg/bw/day, whilst for PFOA it is 0.16 µg/kg/bw/day (citing FSANZ, 2017).

	
	· Consideration of short, medium- and long-term exposures; and
	Revised methodology for recreational water quality guideline derivation
· The NHMRC's Water Quality Advisory Committeerecommended an alternative methodology to calculate the recreational water guideline value. 
· Instead of basing it on an ingestion rate of 0.2 litres of water per day as per the ADWG formula, a calculated ingestion volume per water-based recreational event (0.2 L/event) is used in combination with an assumed number of water-based recreational events per year (event frequency = 150 events/year). 
· Numerous conservative assumptions are applied such that this approach is designed to protect the majority of the population. 
· NHMRC acknowledge that there is currently limited data available, particularly data that can be assumed to appropriately relate to recreational use of water bodies in Australia. 
· These include locally relevant ‘event frequency’ data and representative rates of accidental ingestion during these events. 
· NHMRC's Recreational Water Quality Advisory Committee will review this methodology as part of updating the Guidelines.

	
	· In addition to the last point, consideration of the use of indicator substances for chemical risk assessment and monitoring.
	PFOA and sum of PFOS and PFHxS

	Conclusions/
comments
	Overall Assessment
	Contains relevant information in support of primary and secondary research questions.

	
	Reviewer's comment (optional)
	Although this document is produced by NHMRC and will be very familiar to the Committee, it was considered useful to include it in this review to support a thorough response to the primary and secondary research questions.
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	J2, Canpolat et al., (2020) A comparison of trace element concentrations in surface and deep water of the Keban Dam Lake (Turkey) and associated health risk assessment

	Q. 
	Criteria
	Assessment
	Comments
	Risk of bias rating

	 
	Section A1: Are the results valid?
	Yes
	 
	 

	1
	Was there a clear statement of the aims of the research?
	Yes
	The main objectives of the study are described in the last paragraph of the introduction.  These were to compare the levels of trace metal elements with both international and national water quality guidelines and to assess cancer and non-cancer health risks of the metals for recreational use by adults and children through oral and dermal contact pathways.
	Probably low risk of bias (+)

	2
	Is the methodology appropriate?
	Yes
	A risk assessment methodology is considered appropriate since it addresses a health response to a potential exposure.
	Definitely low risk of bias (++)

	 
	Section A2: Is it worth continuing?
	Yes
	 
	 

	3
	Was the research design appropriate to address the aims of the research?
	Yes
	The study makes extensive use of US EPA guidance (references cited in document) and in particular utilised US EPA exposure assessment tools and regional screening level equations (RSLs) (as described in US EPA 2020 [a to g] cited in document).
	Definitely low risk of bias (++)

	4
	Was the chosen hypothetical population or subpopulation appropriate for addressing the study research aims?
	Yes
	Subpopulations (recreator-adult, recreator-child) were chosen based on US EPA standard exposure assumptions (reference cited in document, including US EPA Exposure factors handbook).  Other subpopulations (e.g. "Residents") are also described, but this group is not part of the scope of the current narrative review.
	Definitely low risk of bias (++)

	5
	Was the data collected in a way that addressed the research issue?
	Yes
	Data collection methods are described in the document with adequate detail to understand what was done and the data is appropriate for addressing the research issue.  However, measures to reduce risk of contamination could be more clearly described and if included, would provide more confidence in the study outcomes.
	Probably low risk of bias (+)

	6
	Has the relationship between researcher and participants been adequately considered?
	n/a
	Question 6 is not applicable since there is no real population of study participants.  Rather, the population assessed is a hypothetical population of adults and children exposed to lake water during recreational water use.
	n/a

	 
	Section B: What are the results?
	 
	 
	 

	7
	Have ethical issues been taken into consideration?
	n/a
	There are no ethical issues (Q.7) since the study does not make use of real participants.  Instead hypothetical populations of adult and child recreators are utilised for the assessment.  
	n/a

	8
	Was the data analysis sufficiently rigorous? 
	Yes
	The study is rigorous (Q.8) as it follows conventional US EPA methods for Quantitative Risk Assessment.  Standardised equations developed by the US EPA are used to determine exposure and risk.
The study involved measurement of 17 "Trace Elements" or TEs (Pb, Hg, Cd, As, Cr, Ni, Co, Mn, Cu, Fe, Al, Sr, U, V, Zn, Zr and Ba) in surface and deep water samples and their assessment for health risks to residential and recreational receptors (adults and children).
	Definitely low risk of bias (++)

	9
	Is there a clear statement of findings?
	Yes
	The findings indicated that TEs in surface and deep water of the Keban Dam Lake (Turkey: Anatolia) do not pose health risks to residential and recreational users.  This is clearly stated in the abstract, but not quite as clearly described in the results and conclusion.
	Probably low risk of bias (+)

	 
	Section C: Will the results help locally?
	Yes
	 
	 

	10
	How valuable is the research?
	n/a
	The study demonstrates a method for developing recreational water guidelines for trace metals.  Howeve the methodology is based on the US EPA guidance and local data would be required to apply the same methods in the Australian context.  As a relatively rare example of a good quality risk assessment of chemical risks to recreational water quality, the study provides some support for the development of risk-based approaches for the protection of recreational water quality - although the level of quantification and method described is likely to be too complex for local authorities without the support of external expertise.
	Probably low risk of bias (+)

	-
	Overall risk of bias rating
	 
	The study is rigorous, clear and well-written and follows a standard risk assessment methodology.  It is classed as having a "Probably low risk of bias".
	Probably low risk of bias (+)

	-
	Reviewer's conclusion
	n/a
	Include in review - probable low risk of bias
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	Category
	Item
	Study ID: J2

	General information
	Date template completed
	23-Dec-20

	
	Authors
	Canpolat, Ozgur; Varol, Memet; Okan, Ozlem Oztekin; Eris, Kursad Kadir; Caglar, Metin

	
	NOC Comments
	Risk assessment - does exposure assessment and comparison to tox guidelines. Links to recreational uses

	
	Title
	A comparison of trace element concentrations in surface and deep water of the Keban Dam Lake (Turkey) and associated health risk assessment

	
	Publication Title
	Environmental Research

	
	Reference (Vol., pages)
	190, Article No. 110012

	
	Publication date
	2020

	
	Publication type
	Journal Article

	
	Peer reviewed
	Yes

	
	Country of origin
	Turkey

	
	Source of funding
	Scientific and Technological Research Council of Turkey (114Y091).

	
	Possible conflicts of interest
	No apparent conflicts of interest.
The authors also declare no conflict of interest.

	Study characteristics
	Aim/objectives of study
	Main objectives of this study were (1) to measure the levels of 17 TEs (trace elements) in both surface and deep waters of the dam lake in wet and dry seasons; (2) to compare their concentrations between surface and deep water samples and between wet and dry seasons; (3) to determine seasonal and spatial variations of TEs; (4) to compare the levels of TEs with both international and national water quality guidelines; and (5) to assess cancer and non-cancer health risks of TEs for residential and recreational adults and children through oral and dermal contact pathways

	
	Study type/design
	Quantitative risk assessment

	
	Study duration
	n/a (Desktop study)

	Population characteristics
	Population/s studied
	Recreational receptors (adult and child).  Residential receptors also studied (i.e. use of lake water as drinking water, but this is out of scope for the review)

	
	Selection criteria for population
	Standard human health risk assessment population (i.e. adults) and sensitive subpopulation (i.e. children)

	
	Subgroups reported
	Children

	
	Size of study
	10 sampling sites in the northwest region of the Keban Dam Lake (KDL).  Water samples were collected from surface and from 30 m depth in May 2015 (wet season) and October 2015 (dry season) when the KDL was at high and low water levels.

	Exposure and setting
	Type of water source/water body
	Water supply reservoir (impoundment on Euphrates River)

	
	Exposure scenario
	Ingestion and dermal exposure for recreational swimmers as per standard US EPA methods.

	
	Exposure pathway
	Ingestion and dermal exposure for recreational swimmers

	
	Source of contamination
	Trace elements (TEs) (all metals)

	
	Causal chemical(s)
	Hg, Cd, Pb, As, Cr, Al, Cu, Mn, Co, Ba, Ni, Fe, Zn, U, V, Zr and Sr

	
	Comparison group(s)
	No control group. Comparison was with guidelines

	Study methods
	Water quality measurement used
	Concentration of trace metals in water samples

	
	Method of chemical detection (if applicable)
	ICP-MS

	
	Water sampling methods (monitoring, surrogates).  Was there sufficient replication in number of samples taken, what steps were taken to reduce contamination (especially for metals)?
	2L water samples collected. No replicates stated.  Samples collected by Nansen bottle (material not stated). Plastic bottles used. 

	
	Limits of reporting for the chemical of concern
	Limits of Detection (LODs) not stated. For calculations, when the concentration of a trace element was below the LOD, the concentration was assumed to be half of the respective LOD and if more than 60% of the water samples were lower than the LOD, these values below the LOD were replaced with zero.

	
	Consideration of quality assurance such as field and lab blanks, reference sites, and reporting on related physico-chemical parameters
	Quality assurance and quality control for water samples were carried out using duplicates, method blanks and standard reference material (STD TMDA-70.2). The recovery for all TEs ranged from 92.9% to 104.1%

	Statistics
	Statistical methods used
	Non-carcinogenic health risks of TEs were quantified using the hazard quotients (HQs). The carcinogenic risks (CRs) were estimated only for TEs having carcinogenic slope factors (CSF).
Non-carcinogenic and carcinogenic health risks of TEs via ingestion and dermal absorption of dam lake water were separately calculated for residential and recreational receptors (adult and child)

	
	Details on statistical analysis (if any)
	US EPA standardized equations used to assess risks posed by each individual chemical, with HQs and CRs as above.
One-way ANOVA was applied to determine differences in TE concentrations among sampling sites (p < 0.05, Duncan’s test). Also, Student’s t-test was used to determine significant differences in TE concentrations between seasons and between surface water samples and deep water samples (p < 0.05).

	
	Relative risk/odds ratio, confidence interval?
	n/a

	Results
	Outcome
	Copper, Zn, Ba, Ni, Mn and Pb levels in deep water were higher than those in surface water. Total TE level measured in deep water (30m) was higher in wet season, whereas that in surface water was higher in dry season.
All HQ (hazard quotient) and HI (hazard index) values were below the risk threshold of unity. HI values for child were significantly higher than those for adult, although still at safe levels. As and U for water ingestion were the primary contributors to total risk (HI), while V and Cr were highest for the dermal pathway.

Carcinogenic risk values of As and Cr in surface and deep water were below the US EPA target risk of 1 × 10-4 (life time risk of cancer)

	
	How outcome was assessed
	Hazard Quotients (HQs) and Hazard Index (HI) = ∑ HQs for all TEs Carcinogenic Risks (CRs).   Separate values of each metric computed for ingestion and dermal pathways.

References cited in the paper for the equations described in the paper (section 2.3) for determining non-carcinogenic and carcinogenic health risks of trace elements (TEs) via ingestion and dermal absorption of dam lake water were recreational receptors (adult and child) were:
· USEPA, 2020a. Exposure Assessment Tools by Media - Water and Sediment. Accessed date: 08 January 2020. https://www.epa.gov/expobox/exposure-assessment-tools-media-water-and-sediment.

· USEPA, 2020b. Regional Screening Levels (RSLs) – Equations. Accessed date: 08 January 2020. https://www.epa.gov/risk/regional-screening-levels-rsls-equations.

Source of reference dose for non-carcinogenic metals and slope factors for carcinogenic metals:
· USEPA, 2020e. Regional Screening Level (RSL) Summary Table (TR=1E-06 THQ=1.0). Accessed date: 08 January 2020. https://www.epa.gov/risk/regional-screening-levels-rsls-users-guide


	
	Method of measurement
	HQs, HIs, CRs

	
	Number participants (exposed/non-exposed, missing/excluded) (if applicable)
	n/a (Desktop study)

	CASP Category and OHAT Risk of Bias
	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
	 

	
	5. Qualitative research
	Yes

	
	6. Randomised controlled trial
	 

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

	Author’s conclusion
	Interpretation of results
	Findings indicated that TEs in surface and deep water of the KDL do not pose health risks to recreational users.  Children were more sensitive than adults (higher HI values)

	
	Assessment of uncertainty (if any)
	No discussion of uncertainty.

	Reviewer comments
	Reviewer comments
	Although only single samples of lake water were taken at each depth at each site, it can be assumed that the samples were rrepresentative of the lake water quality since metal ions and molecules would be expected to be well mixed and not stratified greatly within narrow depth categories.

	
	Results included/excluded in review (if applicable)
	n/a

	
	Notes on study quality e.g. gaps, methods 
	There is no discussion of the source catchment for the dam and why there may or may not be elevated risk factors for the metals in the lake water (although it is likely to be an open catchment).  The study appears to be a baseline study to gauge the likely background health risks to recreational water users from trace metals (a.k.a. heavy metals) in the lake water.  Some early discussion in the paper mentions concerns about bioaccumulation, however, this is not discussed further.
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	J3, Dor et al., (2003) Health risk assessment after decontamination of the beaches polluted by the wrecked ERIKA tanker

	Q. 
	Criteria
	Assessment
	Comments
	Risk of bias rating

	 
	Section A1: Are the results valid?
	Yes
	 
	 

	1
	Was there a clear statement of the aims of the research?
	 Yes 
	The statement of aims was extracted from the abstract and introduction and could have been more clearly reported.  
The aim of the study was to identify short- and long-term health risks for future bathers from residual PAHs at oil spill-affected beaches, in order to assist local health authorities to plan risk management policies and inform the public.
	Probably low risk of bias (+)

	2
	Is the methodology appropriate?
	 Yes 
	A risk assessment methodology is considered appropriate since it addresses a health response to a potential exposure. 
	Definitely low risk of bias (++)

	 
	Section A2: Is it worth continuing?
	Yes
	 
	 

	3
	Was the research design appropriate to address the aims of the research?
	 Yes 
	The study draws on US EPA guidance (mainly the 1996 version of the Exposure Factors Handbook and the 1992 "Dermal Exposure Assessment: Principles and Application".)
	Definitely low risk of bias (++)

	4
	Was the chosen hypothetical population or subpopulation appropriate for addressing the study research aims?
	 Yes 
	Subpopulations chosen were children and adults undertaking various activities with exposures determined via reference to contaminant concentrations measured in the habitat and the US EPA Exposure Factors Handbook).  The chosen subpopulations were logical and appropriate for addressing the study aims
	Definitely low risk of bias (++)

	5
	Was the data collected in a way that addressed the research issue?
	 Yes 
	Clear data collection methods are described in the document. 
	Definitely low risk of bias (++)

	6
	Has the relationship between researcher and participants been adequately considered?
	 n/a 
	Question 6 is not applicable since there is no real population of study participants. Rather, the population assessed is a hypothetical population of adults and children exposed to marine beach sands, oil-contaminated rocks, and adjacent marine waters during recreational water use.
	n/a

	 
	Section B: What are the results?
	 
	 
	 

	7
	Have ethical issues been taken into consideration?
	 n/a 
	There are no ethical issues (Q.7) since the study does not make use of real participants.  Instead hypothetical populations of adult and child recreators are utilised for the assessment.  
	n/a

	8
	Was the data analysis sufficiently rigorous? 
	 Yes 
	The study is rigorous (Q.8) as it follows conventional US EPA methods for Quantitative Risk Assessment. 
	Definitely low risk of bias (++)

	9
	Is there a clear statement of findings?
	 Yes 
	The study finds that risks were low, both in the long-term and short-term future, for holidaymakers and for people working at cleaned beaches during the summer period following a tanker oil spill event.
	Definitely low risk of bias (++)

	 
	Section C: Will the results help locally?
	Yes
	 
	 

	10
	How valuable is the research?
	n/a
	Although the reported methods could be more current, the results support the view that recreational activities at beaches that have been subjected to oil spills and subsequent clean ups are safe within 4 months of the event.  At this time PAH concentrations expressed as "Equivalent BaP" in seawater were in median (90th%ile) 13.1 (41.8) ng/L at soiled beaches vs 9.5(11.2) at control beaches.
	Probably low risk of bias (+)

	-
	Overall risk of bias rating
	 
	The study is rigorous and although the methods could be more current, the study follows a standard risk assessment methodology.  It is classed as having a "Probably low risk of bias".
	Probably low risk of bias (+)

	-
	Reviewer's conclusion
	n/a
	Include in review - probable low risk of bias
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	Study ID: J3

	 General information
	Date template completed
	24-Dec-20

	
	Authors
	Dor, F.; Bonnard, R.; Gourier-Frery, C.; Cicolella, A.; Dujardin, R.; Zmirou, D.

	
	NOC Comments
	Oil spill follow up study. Links to recreational uses

	
	Title
	Health risk assessment after decontamination of the beaches polluted by the wrecked ERIKA tanker

	
	Publication Title
	Risk Analysis

	
	Reference (Vol., pages)
	236, 1199-1208

	
	Publication date
	2003

	
	Publication type
	Journal Article

	
	Peer reviewed
	Yes

	
	Country of origin
	France

	
	Source of funding
	Not stated

	
	Possible conflicts of interest
	No apparent conflicts of interest.

	Study characteristics
	Aim/objectives of study
	The aim of the study was to identify short- and long-term health risks for future bathers from remaining PAHs at oil spill affected beaches, in order to assist local health authorities’ to plan risk management policies and inform the public.

	
	Study type/design
	Quantitative risk assessment

	
	Study duration
	n/a (Desktop study)

	Population characteristics
	Population/s studied
	Exposure scenarios for young children and adults visiting the beaches were constructed

	
	Selection criteria for population
	Standard human health risk assessment population (i.e. adults) and sensitive subpopulation (i.e. children)

	
	Subgroups reported
	Children

	
	Size of study
	Thirty-six beaches on coast of Brittany, France, affected by the 1999 oil spill from the tanker "ERIKA", and representing a sample of the most frequently encountered topographic and beach usage situations; seven “control” beaches, unspoiled by the oil spill, were also investigated. Samples of water and sand were taken from each site, as well as from the surface of rocks

	Exposure and setting
	Type of water source/water body
	Marine sandy beaches and adjacent bathing waters

	
	Exposure scenario
	Ingestion and dermal exposure for recreational swimmers as per standard US EPA methods.
Several scenarios of exposure were contemplated: (1) a child between 2 and 4 years accidentally ingesting a small ball of fuel, (2) a child daily exposed throughout his holiday-time stay, (3) an adult (including a pregnant woman) spending his/her holidays on the coast, (4) an adult working on the beach, (5) and an adult practicing water sports.

	
	Exposure pathway
	Ingestion and dermal exposure for recreational swimmers and beach goers

	
	Source of contamination
	PAHs in oil spill residues

	
	Causal chemical(s)
	16 suspected carcinogenic PAHs of the U.S. EPA list

	
	Comparison group(s)
	Health risks of recreational users at 36 oil impacted beaches were compared to those of seven control beaches, unimpacted by oil.

	Study methods
	Water quality measurement used
	Medians and 90th percentiles of the PAHs concentrations in the various environments of the cleaned and control beaches, expressed in BaP equivalent (via use of toxicity equivalence factors or TEFs)

	
	Method of chemical detection (if applicable)
	PAHs extracted with solvent (cyclohexane for water, dichloromethane for sand) and quantified by HPLC and detected by fluorescence except for acenaphtylene which was by UV absorption at 254 nm). Rock wipe samples (see below) extracted with 50:50 hexane/acetone) and analysed by GC/MS

	
	Water sampling methods (monitoring, surrogates).  Was there sufficient replication in number of samples taken, what steps were taken to reduce contamination (especially for metals)?
	1L water samples collected from bathing areas of beaches 4 months after spill event.  10 cm diameter cores to 10 to 20 cm depth beach sand samples collected from 100m2 quadrats above tidal and in intertidal and later homogenised (due to similarity).  Rocks wiped with 1m2 cotton cloth soaked in a mixture of half acetone and half n-hexane, respectively, in a zone where pollution was not visible and in a zone where pollution was still visible.

	
	Limits of reporting for the chemical of concern
	Not stated

	
	Consideration of quality assurance such as field and lab blanks, reference sites, and reporting on related physico-chemical parameters
	Not stated

	Statistics
	Statistical methods used
	Individual risks were estimated for each health effect by combining exposures for each scenario and toxicological values for each effect. For noncarcinogenic effects, a “hazard quotient” (exposure dose/toxicological value) was calculated. For all cancers, individual excess risk was calculated.

	
	Details on statistical analysis (if any)
	For all cancers, individual excess risk was calculated according to the following equation:
ERI = ERU × NA/70   × ∑DEi  × TEFi
where  ERI:  individual  excess  risk  for  cancer  following   pollutant   intake, ERU: oral unit risk of benzo(a)pyrene (mg/kg bw/d)−¹, DEi: exposure dose for  each  route of exposure (mg/kg/j),  TEF: toxic equivalent  factor  of  PAH  in  reference  to  BaP,  NA: duration of exposure (year), and 70: the average time exposure (year).

	
	Relative risk/odds ratio, confidence interval?
	n/a

	Results
	Outcome
	The sand and water, after  decontamination, were slightly polluted (respectively, 7.8 μg/kg and 23.3 ng/l of total 16 PAHs), with values similar to those found in the control beaches (Note: both decontaminated and control beaches reported some minor exceedance of the BaP equivalent HBT of 1 x 10-5 excess lifetime risk of cancer). By contrast, the rocky areas in some places were still highly polluted (up to 23 mg/kg on the surface layer). No lethal risk was found for a young child who had accidentally ingested a small ball of fuel. The life-long excess risks for skin cancer and for all other cancers were about 10−5 in scenarios including contact with the polluted rocks. In all other cases, excess risks were considerably lower. The hazard quotient for teratogenic effects was very small, except in scenarios where pregnant women would walk among rocks containing high pollution levels.

	
	How outcome was assessed
	Excess cancer risk (all cancers and cutaneous cancers) were calculated as lifetime probabilities and compared against a reference value of 1 x 10-5. Values lower than this threshold were deemed to be excessive.  Values were presented using medians and 90th percentiles.

	
	Method of measurement
	Excess risk of cancer

	
	Number participants (exposed/non-exposed, missing/excluded) (if applicable)
	n/a (Desktop study)

	CASP Category and OHAT Risk of Bias
	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
	 

	
	5. Qualitative research
	Yes

	
	6. Randomised controlled trial
	 

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

	Author’s conclusion
	Interpretation of results
	Risks were low, both in the long-term and short-term future, for holidaymakers and for people working at these cleaned beaches during the summer period following the oil slick caused by the oil tanker ERIKA. Cancer risks did not differ substantially from those estimated on control beaches, except when depollution work had not been completed, as observed in some rocky areas. Consequently, it could be hypothesized that risks of cancer at beaches not cleaned yet, or recently spoiled by fuel deposits, would be of concern and would justify temporary closing of the beaches.

	
	Assessment of uncertainty (if any)
	Population exposure was characterized by medians and 90th percentiles of the PAHs’ concentration distributions, expressed in BaP equivalent

	Reviewer comments
	Reviewer comments
	The study is a fairly standard human health risk assessment of recreational swimmers and beach goers exposures to PAHs following an oil spill event.  The methods follow standard US EPA approaches from the late 1990s.  Although the reported methods could be more current, the results support the view that recreational activities at beaches that have been subjected to oil spills and subsequent clean ups are safe within 4 months of the event.  At this time PAH concentrations expressed as "Equivalent BaP” in seawater were in median (90th%ile) 13.1 (41.8) ng/L at soiled beaches vs 9.5(11.2) at control beaches.  For sand the comparisons were 1.5(14.4) ug/kg vs 0.6(1.6), for rocks at soiled beaches 14.7(70.0) ug/m2 depolluted, 10,201(23,780) polluted, vs 0.5(0.7) at control beaches.

	
	Results included/excluded in review (if applicable)
	n/a

	
	Notes on study quality e.g. gaps, methods 
	The paper is generally well written and discusses a broad range of issues including various specific exposure scenarios related to children and exposure pathways.
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	J5, Swartjes and Janssen (2016) Assessment of health risks due to arsenic from iron ore lumps in a beach setting

	Q. 
	Criteria
	Assessment
	Comments
	Risk of bias rating

	 
	Section A1: Are the results valid?
	Yes
	 
	 

	1
	Was there a clear statement of the aims of the research?
	Yes
	A clear statement of aims is given in the introduction (section 1.3). The objective of the study was to investigate human health risks from the presence of arsenic-containing iron ore lumps in a beach setting.
The lumps are naturally occurring rocks present in marine sands dredged from the sea bed of the North Sea and used in land and beach reclamation
	Definitely low risk of bias (++)

	2
	Is the methodology appropriate?
	Yes
	A risk assessment methodology is considered appropriate since it addresses a health response to a potential exposure.  
	Definitely low risk of bias (++)

	 
	Section A2: Is it worth continuing?
	Yes
	 
	 

	3
	Was the research design appropriate to address the aims of the research?
	Yes
	The assessment methodology is based on European Food Safety Authority (EFSA) guidance, which follows a standard quantitative risk assessment approach.
	Definitely low risk of bias (++)

	4
	Was the chosen hypothetical population or subpopulation appropriate for addressing the study research aims?
	Yes
	The population assessed is a hypothetical population of a sensitive subgroup (children) that have the expected greatest exposure to contaminated rocks and beach sand.
	Definitely low risk of bias (++)

	5
	Was the data collected in a way that addressed the research issue?
	Yes
	Clear data collection methods are described in the document. 
	Definitely low risk of bias (++)

	6
	Has the relationship between researcher and participants been adequately considered?
	n/a
	Question 6 is not applicable since there is no real population of study participants. Rather, the population assessed is a hypothetical population of children playing on sandy beaches.
	n/a

	 
	Section B: What are the results?
	 
	 
	 

	7
	Have ethical issues been taken into consideration?
	n/a
	There are no ethical issues (Q.7) since the study does not make use of real participants.  Instead, hypothetical population of a sensitive subgroup, i.e. children, is utilised for the assessment.  
	n/a

	8
	Was the data analysis sufficiently rigorous? 
	Yes
	The study is rigorous (Q.8) as it follows conventional EU and international methods for Quantitative Risk Assessment.
	Definitely low risk of bias (++)

	9
	Is there a clear statement of findings?
	Yes
	Clear statements of findings are presented in the abstract and conclusions. Abstract and conclusions clearly state that from the perspective of the conservative exposure assessment, that unacceptable human health risks due to exposure to arsenic from the iron ore lumps are unlikely and there is no need for risk management actions.
	Definitely low risk of bias (++)

	 
	Section C: Will the results help locally?
	Yes
	 
	 

	10
	How valuable is the research?
	n/a
	High quality QRA of arsenic exposure to young children on reclaimed Dutch beaches.  
The paper is well written but focuses on a less common exposure pathway that may have low relevance to the Australian context, except where rocks with high natural levels of heavy metals occur on beaches and may be handled by children during beach play.
	Probably low risk of bias (+)

	-
	Overall risk of bias rating
	 
	The study is rigorous, clear and well-written and follows a standard risk assessment methodology.  It is classed as having a "Probably low risk of bias".
	Probably low risk of bias (+)

	-
	Reviewer's conclusion
	n/a
	Include in review - probable low risk of bias
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	Category
	Item
	Study ID: J5

	 General information
	Date template completed
	26-Dec-20

	
	Authors
	Swartjes, Frank A.; Janssen, Paul J. C. M.

	
	NOC Comments
	Risk assessment of naturally occurring arsenic containing iron ore stones on an artificial Dutch beach.  Recreational users exposed, particularly children.  Study shows levels are safe.

	
	Title
	Assessment of health risks due to arsenic from iron ore lumps in a beach setting

	
	Publication Title
	The Science of the Total Environment

	
	Reference (Vol., pages)
	563-564, 405-412

	
	Publication date
	2016

	
	Publication type
	Journal Article

	
	Peer reviewed
	Yes

	
	Country of origin
	Netherlands

	
	Source of funding
	Funding for this study was provided by the Dutch Ministry of Infrastructure and the Environment

	
	Possible conflicts of interest
	No apparent conflicts of interest.

	Study characteristics
	Aim/objectives of study
	The objective of the study was to investigate human health risks from the presence of arsenic-containing iron ore lumps in a beach setting.

The lumps are naturally occurring rocks present in marine sands dredged from the seabed of the North Sea and used in land and beach reclamation

	
	Study type/design
	Quantitative risk assessment

	
	Study duration
	n/a (Desktop study)

	Population characteristics
	Population/s studied
	Children on sandy beaches

	
	Selection criteria for population
	Sensitive subpopulation

	
	Subgroups reported
	Children of age group of 2–12 years on sandy beaches

	
	Size of study
	This is predominantly a desktop risk assessment 

	Exposure and setting
	Type of water source/water body
	Marine sandy beaches

	
	Exposure scenario
	Children 2-12 years of age with average residence time on beach of 4 hrs/day
Two scenarios (i) Conservative assumption: 21 days (daily during three weeks holidays; worst case exposure scenario) and (2) Precautionary assumption: 42 days (most of the days that beach recreation is possible and likely; precautionary exposure scenario)

	
	Exposure pathway
	Soil ingestion of soft grit coating the lumps that adheres to childrens’ hands when they handle the iron ore lumps.  This results in a "hand loading".  The higher of 95th percentile estimate was used of 1.7 mg/cm2 due to the efficacy of the soil attachment.

	
	Source of contamination
	Arsenic occurring as a natural constituent of iron ore rocks used in beach reclamation

	
	Causal chemical(s)
	Arsenic (As)

	
	Comparison group(s)
	The exposure is compared with the average arsenic background exposure to children in The Netherlands in the age of 2 to 6 years of 0.56 μg/kgBW/day

	Study methods
	Water quality measurement used
	Concentration of arsenic in grit covering iron ore lumps on beach

	
	Method of chemical detection (if applicable)
	XRF (X-ray fluorescence) confirmed by ICP-MS

	
	Water sampling methods (monitoring, surrogates).  Was there sufficient replication in number of samples taken, what steps were taken to reduce contamination (especially for metals)?
	The five XRF measurements showed total arsenic concentrations in the iron ore lumps ranging from 196 to 427 mg/kgDW

	
	Limits of reporting for the chemical of concern
	Not stated

	
	Consideration of quality assurance such as field and lab blanks, reference sites, and reporting on related physico-chemical parameters
	Not stated

	Statistics
	Statistical methods used
	Highly detailed quantitative risk assessment of exposure consistent with European Food Safety Authority (EFSA) methods

	
	Details on statistical analysis (if any)
	The estimated exposure was
compared with the BMDL [95% lower confidence limit of the BMD - Benchmark-dose]. The appraisal of the contaminated site depended on the Margin of Exposure (MoE), i.e., the quotient between
the BMDL and estimated exposure.  Generally speaking, a lower MoE implies higher health concern. 

	
	Relative risk/odds ratio, confidence interval?
	n/a

	Results
	Outcome
	The conservative and precautionary scenarios gave an estimated exposure of 0.045–0.091 μg/kgBW/ day which implies an increase in background exposure of 8 to 16% due to exposure to arsenic in the iron ore lumps.  
The estimated exposure gave a calculated Margin of Exposure (MoE) range 33−67.  The authors note the lack of a widely accepted benchmark MoE, the predicted range was considered to indicate a relatively low health concern compared to MoEs for background exposure via food and drinking water in the Netherlands.
The calculated risk indices (the estimated exposure divided by the PTDI) of 0.045 to 0.09 show that it is unlikely that the current Dutch PTDI of 1.0 μg/kgBW/day is exceeded [where PTDI = Provisional Tolerable Daily Intake [μg/kgBW/day]]

	
	How outcome was assessed
	The estimated exposure was
compared with the BMDL [95% lower confidence limit of the BMD - Benchmark-dose]. The appraisal of the contaminated site depended on the Margin of Exposure (MoE), i.e., the quotient between the BMDL and estimated exposure.  Generally speaking, a lower MoE implies higher health concern. 

	
	Method of measurement
	Margin of Exposure (MoE) with "low values" as reported (33 to 67) considered safe

	
	Number participants (exposed/non-exposed, missing/excluded) (if applicable)
	n/a (Desktop study)

	CASP Category and OHAT Risk of Bias
	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
	 

	
	5. Qualitative research
	Yes

	
	6. Randomised controlled trial
	 

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

	Author’s conclusion
	Interpretation of results
	Results reported for two scenarios were (1) conservative and (2) precautionary.
When interpreting the extra exposure of 0.045–0.091 μg/kgBW/day against the BMDL0.5 of 3 μg/kgBW/day within the framework of reference cancer risks as defined within Dutch environmental health policy, the additional cancer risk due to exposure to arsenic in the iron ore lumps would be in the same order of magnitude as the Maximal Permissible Risk level of one out of ten thousand lifelong exposed individuals.
Given the results from these three different assessments, certainly from the perspective of the conservative exposure assessment, it can be concluded that unacceptable human health risks due to exposure to arsenic from the iron ore lumps are unlikely. As overall conclusion, there is no need for risk management actions to protect children against contact with the iron ore lumps on the Dutch beach.

	
	Assessment of uncertainty (if any)
	Uncertainty accounted for by use of the 95th percentile BMDL.  The two scenarios were (1) conservative and (2) precautionary

	Reviewer comments
	Reviewer comments
	High quality QRA of arsenic exposure to young children on reclaimed Dutch beaches.  This an unusual exposure pathway (iron ore rocks naturally containing arsenic) so may have limited applicability to the Australian context.  The exposure assessment is of high quality in terms of method and clearness of explanation in the paper.

	
	Results included/excluded in review (if applicable)
	n/a

	
	Notes on study quality e.g. gaps, methods 
	The paper is well written but focuses on a less common exposure pathway that may have low relevance to the Australian context, except where rocks with high natural levels of heavy metals occur on beaches and may be handled by children during beach play.
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Following application of the quality assessment method for existing guidelines, four documents were excluded (Table 7‑1).  These documents had satisfactory quality but, on closer inspection of the full text, either did not contain sufficient relevant information or were obsolete.
Note that the quality assessment focuses on the quality of evidence in the documents to contribute to responses to the primary and secondary research questions.  Where the quality of such evidence is considered to be unsatisfactory, then the document is excluded from further review.  Excluded documents may be important documents in other contexts and the Committee may wish to assess them further if required.
The completed quality assessment tables for each of the four documents are set out in the following sections.
[bookmark: _Ref71717478][bookmark: _Toc106794553]Table 7‑1. List of existing guidelines excluded following quality assessment
	ID
	Title
	Type of Study

	G1: EnHealth (2012)
	EnHealth (2012) Environmental Health Risk Assessment: Guidelines for assessing human health risks from environmental hazards, [online] https://www1.health.gov.au/internet/main/publishing.nsf/Content/health-pubhlth-publicat-environ.htm.
	Methods manual

	G4: NHMRC (2008)
	NHMRC (2008) Guidelines for managing risks in recreational water. National Health and Medical Research Council (Australia), Canberra, A.C.T., National Health and Medical Research Council. [online] http://www.nhmrc.gov.au/publications/synopses/_files/eh38.pdf (Accessed October 18, 2012).
	Guidelines & Guidance

	G7: US EPA (2017)
	US EPA (2017) 2017 Five-Year Review of the 2012 Recreational Water Quality Criteria, Washington, DC, United States, US Environmental Protection Agency, Office of Water, Office of Science and Technology. [online] https://www.epa.gov/sites/production/files/2018-05/documents/2017-5year-review-rwqc.pdf.
	Review

	G8: US EPA (2019)
	US EPA (2019) Update for Chapter 3 of the Exposure Factors Handbook: Ingestion of Water and Other Select Liquids. Exposure Factors Handbook: 2011 Edition. National Center for Environmental Assessment, Washington, DC; EPA/600/R-09/052F. Available from the National Technical Information Service, Springfield, VA, and online at http://www.epa.gov/ncea/efh., U.S. Environmental Protection Agency (EPA). [online] https://www.epa.gov/sites/production/files/2019-02/documents/efh_-_chapter_3_update.pdf.
	Guidance
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	G1: enHealth 2012 Risk Assessment Guidelines

	Criteria
	Assessment
	Notes

	Overall guidance/advice development process
	 
	 

	Are the key stages of the organisation’s advice development processes compatible with Australian processes?
	Yes
	The enHealth guidelines are produced by Environmental Health Standing Committee (enHealth), which is a subcommittee of the Australian Health Protection Principal Committee (AHPPC) which is facilitated by the Commonwealth Department of Health.

	Are the administrative processes documented and publicly available?
	No
	Not reported

	Was the work overseen by an expert advisory committee?
	Yes
	The Environmental Health Standing Committee (enHealth) oversaw the work

	Are potential conflicts of interest of committee members declared, managed and/or reported?
	No
	Not reported

	Are funding sources declared?
	No
	Not reported, but it is almost certain that the Commonwealth Government has funded the work.

	Was there public consultation on this work? If so, provide details.
	Can't Tell
	It is not stated if public consultation was undertaken or not

	Is the advice peer reviewed?
	Yes
	In the Acknowledgements section, it is stated that international peer review on the draft document was provided by Professor Steve Hrudey, University of Alberta, and ChemRisk LLC, San Francisco (Ellen Donovan and Hugh Scobie).

	If so, is the peer review outcome documented and/or published?
	No
	No reference to publishing of the peer review is provided and it is assumed that the material has not been published.

	Was the guidance/advice developed or updated recently? Provide details.
	No
	The document was published in 2012 and as of March 2012 no further updates are reported on the Commonwealth Department of Health website https://www1.health.gov.au/internet/main/publishing.nsf/Content/health-pubhlth-publicat-environ.htm

	Evidence review parameters
	 
	 

	Are decisions about scope, definitions and evidence review parameters documented and publicly available?
	No
	The enHealth guidelines do not address individual contaminants, but rather detail risk assessment methods for chemical and microbial contaminants.  No formal evidence review material is described.

	Is there a preference for data from studies that follow agreed international protocols or meet appropriate industry standards?
	No
	The enHealth guidelines clearly draw on international guidance, but this is not always referenced so the contribution of earlier methodologies is not clear.

	Does the organisation use or undertake systematic literature review methods to identify and select data underpinning the advice? Are the methods used documented clearly?
	No
	Not reported

	If proprietary/confidential studies or data are considered by the agency, are these appropriately described/recorded?
	n/a
	No such studies or data is considered to the reviewer's knowledge

	Are inclusion/exclusion criteria used to select or exclude certain studies from the review? If so, is justification provided?
	No
	Not reported

	Does the organisation use or adopt review findings or risk assessments from other organisations? What process was used to critically assess these external findings?
	No
	The proposed methodology is reported as an Australian approach, but reference is made to the US National Research Council publication "National Research Council (NRC) (2008). Science and decisions: Advancing risk assessment. Washington, DC: National Academy Press."

	Can grey literature such as government reports and policy documents be included? 
	Yes
	Such documents are listed in the reference section.

	Is there documentation and justification on the selection of a toxicological endpoint for use as point of departure for health-based guideline derivation?
	Yes
	The guidelines discuss the selection of toxicological endpoints and point of departure (POD) in detail from a methodological perspective.  Values are not supplied for individual contaminants.

	Evidence search
	 
	 

	Are databases and other sources of evidence specified?
	No
	Not reported

	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)? 
	No
	Not reported

	Is it specified what date range the literature search covers? Is there a justification?
	No
	Not reported

	Are search terms and/or search strings specified? 
	No
	Not reported

	Are there any other exclusion criteria for literature (e.g. publication language, publication dates)? If so, what are they and are they appropriate? 
	No
	Not reported

	Critical appraisal methods and tools
	 
	 

	Is risk of bias of individual studies taken into consideration to assess internal validity? 
	No
	Not reported

	If so, what tools are used? If not, was any method used to assess study quality?
	n/a
	Not reported

	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.
	No
	Not reported

	Does the organisation assess the overall certainty of the evidence and reach recommendations? If so, provide details.
	No
	Not reported

	Derivation of health-based guideline values
	 
	 

	Is there justification for the choice of uncertainty and safety factors? 
	n/a
	The enHealth guidelines do not address individual contaminants, but rather detail risk assessment methods for chemical and microbial contaminants. Methodological discussion and recommendations are given for the use of uncertainty and safety factors (e.g. page 72, Figure 23).

	Are the parameter value assumptions documented and explained?  
	n/a
	Discussion is limited to methodology rather than documenting values of particular parameters.

	Are the mathematical workings/algorithms clearly documented and explained?
	Yes
	The guidelines contain detailed descriptions of algorithms and methods used for guideline derivation.

	Does the organisation take into consideration non-health related matters to account for feasibility of implementing the guideline values (e.g. measurement attainability)?
	No
	There is discussion in section 8.7 "Censored Data"
on limits of reporting but no discussion on feasibility of implementation (e.g. as part of a compliance assessment).

	Is there documentation directing use of mechanistic, mode of action, or key events in adverse outcome pathways in deriving health-based guideline values? 
	Yes
	Mechanistic, Mode of Action (MOA) and Key Events are discussed in detail from a methodological perspective.

	If expert judgement is required, is the process documented and published?
	Yes
	Expert Judgement is discussed in detail from a methodological perspective.

	Is dose response modelling (e.g. BMDL) routinely used?
	Yes
	Dose response modelling is discussed in detail from a methodological perspective.

	Has the organisation’s policy for dealing with substances for which a non-threshold mode of action may be applicable in humans been articulated and recorded?
	Yes
	Consideration of non-threshold mode of action is discussed in detail from a methodological perspective.

	If applicable: For carcinogens, what is the level of cancer risk used by the organisation to set the health-based guideline value?
	n/a
	A daily intake at the threshold of toxicological concern (TTC) of 0.02 µg/kg bw corresponds to a 96 per cent probability that the lifetime risk of cancer would be less than one in a million (1 × 10–6 (p.82, citing Munro 1990, see enHealth 2012 for reference.)

	Comments
	 
	 

	Reviewer Comments
	
	The enHealth guidelines are a detailed methods manual for determining risks to human health from toxins and pathogens in the environment.  The enHealth guidelines are useful in providing clear methodologies for risk assessment.  They do not provide relevant information to assist in answering the primary or secondary research questions.

	Useful for answering primary research question?
	No
	Quality is satisfactory but content is not relevant.

	Useful for answering secondary research questions?
	No
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	G4: NHMRC Aust 2008 Guidelines for Managing Risks in Recreational Water

	Criteria
	Assessment
	Notes

	Overall guidance/advice development process
	 
	 

	Are the key stages of the organisation’s advice development processes compatible with Australian processes?
	Yes
	The 2008 NHMRC Guidelines were developed by the Australian Government.  They are not mandatory but rather have been developed as a tool for state and territory governments to develop legislation and standards appropriate for local conditions and circumstances.

	Are the administrative processes documented and publicly available?
	Partly
	Some details of the guideline development process are reported in a Process Report

	Was the work overseen by an expert advisory committee?
	Yes
	The work was overseen in stages by the NHMRC Working Group on Healthy Recreational Water Use and the NHMRC Guidelines for Managing Risks in Recreational Water Working Committee.

	Are potential conflicts of interest of committee members declared, managed and/or reported?
	No
	No details are reported in the 2008 publication.

	Are funding sources declared?
	No
	Not reported

	Was there public consultation on this work? If so, provide details.
	Yes
	Two rounds of public consultation were undertaken in 2004 and 2006. A summary of changes made as a result of public consultation and a list of individuals and organisations who provided submissions is detailed in a Process Report.

	Is the advice peer reviewed?
	Yes
	The 2008 NHMRC Guidelines underwent peer-review in 2007.

	If so, is the peer review outcome documented and/or published?
	No
	Not reported

	Was the guidance/advice developed or updated recently? Provide details.
	No
	Last updated in 2008. Currently under review

	Evidence review parameters
	 
	 

	Are decisions about scope, definitions and evidence review parameters documented and publicly available?
	No
	Not reported

	Is there a preference for data from studies that follow agreed international protocols or meet appropriate industry standards?
	No
	Not reported

	Does the organisation use or undertake systematic literature review methods to identify and select data underpinning the advice? Are the methods used documented clearly?
	No
	Not reported

	If proprietary/confidential studies or data are considered by the agency, are these appropriately described/recorded?
	n/a
	No such studies or data is considered to the reviewer's knowledge

	Are inclusion/exclusion criteria used to select or exclude certain studies from the review? If so, is justification provided?
	No
	Not reported

	Does the organisation use or adopt review findings or risk assessments from other organisations? What process was used to critically assess these external findings?
	No
	With respect to chemicals, reference is made to the Australian Drinking Water Guidelines (section 9.3, Table 9.3, p.151).  These are also produced by the NHMRC, so no reference is made to the findings or risk assessments from other organisations.

	Can grey literature such as government reports and policy documents be included? 
	Yes
	Such documents are cited in Section 9.3 and listed in the references section (e.g. WHO 2003 Guidelines for Safe Recreational Water Environments. Volume 1. Coastal and Fresh Waters. WHO, Geneva).

	Is there documentation and justification on the selection of a toxicological endpoint for use as point of departure for health-based guideline derivation?
	No
	Not reported

	Evidence search
	 
	 

	Are databases and other sources of evidence specified?
	No
	Not reported

	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)? 
	No
	Not reported

	Is it specified what date range the literature search covers? Is there a justification?
	No
	Not reported

	Are search terms and/or search strings specified? 
	No
	Not reported

	Are there any other exclusion criteria for literature (e.g. publication language, publication dates)? If so, what are they and are they appropriate? 
	No
	Not reported

	Critical appraisal methods and tools
	 
	 

	Is risk of bias of individual studies taken into consideration to assess internal validity? 
	No
	Not reported

	If so, what tools are used? If not, was any method used to assess study quality?
	n/a
	Not reported

	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.
	No
	Not reported

	Does the organisation assess the overall certainty of the evidence and reach recommendations? If so, provide details.
	No
	Not reported

	Derivation of health-based guideline values
	 
	 

	Is there justification for the choice of uncertainty and safety factors? 
	No
	Not reported

	Are the parameter value assumptions documented and explained?  
	No
	Not reported

	Are the mathematical workings/algorithms clearly documented and explained?
	No
	Not reported

	Does the organisation take into consideration non-health related matters to account for feasibility of implementing the guideline values (e.g. measurement attainability)?
	No
	Not reported

	Is there documentation directing use of mechanistic, mode of action, or key events in adverse outcome pathways in deriving health-based guideline values? 
	No
	Not reported

	If expert judgement is required, is the process documented and published?
	No
	Not reported

	Is dose response modelling (e.g. BMDL) routinely used?
	No
	Not reported

	Has the organisation’s policy for dealing with substances for which a non-threshold mode of action may be applicable in humans been articulated and recorded?
	No
	Not reported

	If applicable: For carcinogens, what is the level of cancer risk used by the organisation to set the health-based guideline value?
	n/a
	Not reported

	Comments
	 
	 

	Reviewer Comments
	 
	Although the current narrative review is in support of an update of the water quality component of the recreational water guidelines, the document was initially included in the screening process as it could be considered to contain information as a baseline for comparison with any new findings, data, or scientific consensus from the current period.  On that basis it can be excluded from further critical appraisal but will be useful in discussion of review findings.

	Useful for answering primary research question?
	No
	Quality is satisfactory but content is obsolete as it is currently under review. Exclude from further review but can be discussed in comparison against review findings.

	Useful for answering secondary research questions?
	No
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	G7: US EPA 2017 Review

	Criteria
	Assessment
	Notes

	Overall guidance/advice development process
	 
	 

	Are the key stages of the organisation’s advice development processes compatible with Australian processes?
	Yes
	The US EPA's review is based on a detailed and systematic review of the scientific literature and can be considered an authoritative report on the subject.  Although the review process could be more clearly reported, the report contains useful, high quality summaries of the review findings.  Given that the report is informed by critical analysis of the scientific literature and follows a systematic review process, it can be considered compatible with Australian processes.

	Are the administrative processes documented and publicly available?
	Yes
	The administrative processes for the review are described in the document on page 8.  A number of a review processes were undertaken including an EPA review of recreational water research, a systematic review of available peer-reviewed literature on a subset of specific topics, and a review of literature resulting from the systematic searches and from materials available from other sources such as technical documents from US States and the United States Geological Survey (USGS).

	Was the work overseen by an expert advisory committee?
	Can't Tell
	Not reported

	Are potential conflicts of interest of committee members declared, managed and/or reported?
	No
	Not reported

	Are funding sources declared?
	No
	Not reported

	Was there public consultation on this work? If so, provide details.
	Yes
	A public consultation process is described in Section III E on p.9.  It states "The EPA held a public webinar in July 2017 on the review for any interested stakeholders. Participants included stakeholders from across the spectrum of environmental, industry, local government, and public health stakeholder groups. The webinar provided an overview of the review the EPA has undertaken and enabled stakeholders to provide input on the topics included in the review. The EPA communicated some of the initial findings of the review of the science and the timeline for completing the review"

	Is the advice peer reviewed?
	Can't Tell
	It is likely that the document and advice within was subject to peer-review but no process is described in the document or on the US EPA website (https://www.epa.gov/wqc/five-year-review-2012-recreational-water-quality-criteria).

	If so, is the peer review outcome documented and/or published?
	No
	Not reported

	Was the guidance/advice developed or updated recently? Provide details.
	No
	No updates have been issued since the production of the 2017 report.

	Evidence review parameters
	 
	 

	Are decisions about scope, definitions and evidence review parameters documented and publicly available?
	No
	The scope and methods of review are documents in section III of the report, however, there is no description of the decisions behind the scope, definitions and evidence review parameters.

	Is there a preference for data from studies that follow agreed international protocols or meet appropriate industry standards?
	No
	No evidence is supplied that indicates a preference for 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?
	Yes
	The methods are documented in Section III Scope and Methods of Review on p.8 and in Appendices A and C. 

	If proprietary/confidential studies or data are considered by the agency, are these appropriately described/recorded?
	n/a
	No such studies or data is discussed.

	Are inclusion/exclusion criteria used to select or exclude certain studies from the review? If so, is justification provided?
	Yes
	The literature search was limited to English-language, peer-reviewed citations, published between 2010 and March 2017.

	Does the organisation use or adopt review findings or risk assessments from other organisations? What process was used to critically assess these external findings?
	No
	Not reported

	Can grey literature such as government reports and policy documents be included? 
	Yes
	Grey literature is cited in the document (e.g. EPA Method A, 1611, and 1609 listed in Appendix A, Table A-1, p. 83).

	Is there documentation and justification on the selection of a toxicological endpoint for use as point of departure for health-based guideline derivation?
	n/a
	Not reported

	Evidence search
	 
	 

	Are databases and other sources of evidence specified?
	Yes
	The literature databases PubMed and Web of Science are cited as information sources on p.8 including for Appendix C, and for Appendix A on p. 84.

	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)? 
	Yes
	The literature databases PubMed and Web of Science are cited as information sources (e.g. p. 8).

	Is it specified what date range the literature search covers? Is there a justification?
	Yes
	The literature search was limited to English-language, peer-reviewed citations, published between 2010 and March 2017.

	Are search terms and/or search strings specified? 
	Yes
	Search terms are specified for only for Appendix A "Advancements in Mitigating Interference in Quantitative Polymerase Chain Reaction (qPCR) Methods for Microbial Water Quality Monitoring”.  No search terms or search strings are provided for the other reviews.

	Are there any other exclusion criteria for literature (e.g. publication language, publication dates)? If so, what are they and are they appropriate? 
	No
	Aside from the exclusion criteria already listed above, no other criteria are listed.

	Critical appraisal methods and tools
	 
	 

	Is risk of bias of individual studies taken into consideration to assess internal validity? 
	No
	Not reported

	If so, what tools are used? If not, was any method used to assess study quality?
	n/a
	Not reported

	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.
	Yes
	Review results tabulated in Appendix C with the headings: Location, Study Type, Contamination Source, Health Effects Evaluated, Water Quality Metrics, Charges, Conclusions.

	Does the organisation assess the overall certainty of the evidence and reach recommendations? If so, provide details.
	Yes
	Extensive review of the overall body of evidence.  Results described elsewhere in this review.

	Derivation of health-based guideline values
	 
	 

	Is there justification for the choice of uncertainty and safety factors? 
	n/a
	No information on chemical hazards to recreational water quality is included in the review.  Section IV, D,1 contains a short discussion on the use of chemical host-identifiers for faecal source identification (p. 28).

	Are the parameter value assumptions documented and explained?  
	n/a
	No chemical hazards parameter values are presented since chemical hazards are not specifically addressed in the review.

	Are the mathematical workings/algorithms clearly documented and explained?
	n/a
	No mathematical workings/algorithms are presented since chemical hazards are not specifically addressed in the review.

	Does the organisation take into consideration non-health related matters to account for feasibility of implementing the guideline values (e.g. measurement attainability)?
	n/a
	Not applicable since chemical hazards are not specifically addressed in the review.

	Is there documentation directing use of mechanistic, mode of action, or key events in adverse outcome pathways in deriving health-based guideline values? 
	No
	Not applicable since chemical hazards are not specifically addressed in the review.

	If expert judgement is required, is the process documented and published?
	n/a
	Not applicable since chemical hazards are not specifically addressed in the review.

	Is dose response modelling (e.g. BMDL) routinely used?
	n/a
	Not applicable since chemical hazards are not specifically addressed in the review.  Dose-response for microbial pathogens in the context of QMRA is discussed in the report.

	Has the organisation’s policy for dealing with substances for which a non-threshold mode of action may be applicable in humans been articulated and recorded?
	n/a
	Not applicable since chemical hazards are not specifically addressed in the review.

	If applicable: For carcinogens, what is the level of cancer risk used by the organisation to set the health-based guideline value?
	n/a
	Not applicable since chemical hazards are not specifically addressed in the review.

	Comments
	 
	 

	Reviewer Comments
	n/a
	No discussion of chemical hazards in recreational water

	Useful for answering primary research question?
	No
	Quality is satisfactory but content is not relevant to current narrative review. Exclude from further review.

	Useful for answering secondary research questions?
	Partly
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	G8: US EPA 2019 Exposure Factors HB update

	Criteria
	Assessment
	Notes

	Overall guidance/advice development process
	 
	 

	Are the key stages of the organisation’s advice development processes compatible with Australian processes?
	Yes
	Section 3.7 provides a detailed review of water ingestion while swimming and diving.  This is the main section of interest for the current narrative review and may assist in responding to some of the secondary questions.

	Are the administrative processes documented and publicly available?
	No
	Not reported

	Was the work overseen by an expert advisory committee?
	Can't Tell
	No information on the existence of an expert advisory committee is provided in the document.  However, it is an update of chapter in a larger US EPA document (Exposure Factors Handbook, 2011).  That document lists authors, contributors and reviewers but does not clearly indicate the presence of an advisory committee.  It is likely that that the US EPA reviewers listed on page v played this role.

	Are potential conflicts of interest of committee members declared, managed and/or reported?
	No
	Not reported

	Are funding sources declared?
	No
	Not reported

	Was there public consultation on this work? If so, provide details.
	Can't Tell
	Not reported

	Is the advice peer reviewed?
	Can't Tell
	The document is an update of chapter in a larger US EPA document (Exposure Factors Handbook, 2011).  That document lists authors, contributors, and reviewers, including an external panel of experts who reviewed the document (p. vi).  It is likely that the 2019 chapter update has gone through a review process however this is not documented.

	If so, is the peer review outcome documented and/or published?
	No
	Not reported

	Was the guidance/advice developed or updated recently? Provide details.
	Yes
	The document was published relevantly recently (2019).

	Evidence review parameters
	 
	 

	Are decisions about scope, definitions and evidence review parameters documented and publicly available?
	Can't Tell
	The scope and methods of review are documented in the introduction of the larger 2011 report.  The 2011 introduction also includes a description of the decisions behind the scope, definitions and evidence review parameters.  The 2019 report does not mention this material but is likely consistent with the 2011 report.

	Is there a preference for data from studies that follow agreed international protocols or meet appropriate industry standards?
	Can't Tell
	Not discussed in the 2019 update, but in the 2011 document Section1.5.2. subsection 3c on p. 1.-7 lists the following Quality Assurance measure: "Studies with documented quality assurance/quality control measures were preferred. Higher confidence ratings were given to exposure factors that were based on studies where appropriate quality assurance/quality control measures were used."

	Does the organisation use or undertake systematic literature review methods to identify and select data underpinning the advice? Are the methods used documented clearly?
	Can't Tell
	Not discussed in the 2019 update, but in the 2011 document 1.5.2. "Selection Criteria" provides a detailed list of criteria for study selection.  The methods used are clearly documented.

	If proprietary/confidential studies or data are considered by the agency, are these appropriately described/recorded?
	n/a
	No discussion of proprietary/confidential studies or data is contained in the document.

	Are inclusion/exclusion criteria used to select or exclude certain studies from the review? If so, is justification provided?
	Can't Tell
	Not discussed in the 2019 update, but in the 2011 document 1.5.2. "Selection Criteria" provides a detailed list of criteria for study selection.  The methods used are  clearly documented.

	Does the organisation use or adopt review findings or risk assessments from other organisations? What process was used to critically assess these external findings?
	No
	The literature assessed appears to be primary research articles from peer-reviewed literature.  

	Can grey literature such as government reports and policy documents be included? 
	Can't Tell
	Not discussed in the 2019 update, but in the 2011 document Section1.5.2. subsection 5a on p. 1.-7 states "Studies selected were those from the peer-reviewed literature and final government reports. Unpublished and internal or interim reports were avoided, where possible. but were used in some cases to supplement information in published literature or government reports"

	Is there documentation and justification on the selection of a toxicological endpoint for use as point of departure for health-based guideline derivation?
	n/a
	The document is focussed on exposure volumes to water including recreational uses and does not deal with toxicants.

	Evidence search
	 
	 

	Are databases and other sources of evidence specified?
	No
	Not reported

	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)? 
	n/a
	Not reported

	Is it specified what date range the literature search covers? Is there a justification?
	No
	Not reported

	Are search terms and/or search strings specified? 
	No
	Not reported

	Are there any other exclusion criteria for literature (e.g. publication language, publication dates)? If so, what are they and are they appropriate? 
	Can't Tell
	Not discussed in the 2019 update, but in the 2011 document 1.5.2. "Selection Criteria" provides a detailed list of criteria for study selection.  The methods used are clearly documented.

	Critical appraisal methods and tools
	 
	 

	Is risk of bias of individual studies taken into consideration to assess internal validity? 
	Can't Tell
	Not discussed in the 2019 update, but in the 2011 document Section 1.5.2, subsection 1b, p.1-6, states that "Studies were sought that were designed with minimal bias, or at least if biases were suspected to be present, the direction of the bias (i.e., an overestimate or underestimate of the parameter) was either stated or apparent from the study design. More confidence was placed on exposure factors based on studies that minimized bias."

	If so, what tools are used? If not, was any method used to assess study quality?
	n/a
	Not reported

	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.
	No
	Not reported

	Does the organisation assess the overall certainty of the evidence and reach recommendations? If so, provide details.
	Can't Tell
	Not discussed in the 2019 update, but in the 2011 document Section 1.6, p.1-7, "Approach used to develop recommendations for exposure factors" assesses overall certainty of evidence used to develop recommendations by reference to key attributes, variability, uncertainty, and assignation of confidence ratings.

	Derivation of health-based guideline values
	 
	 

	Is there justification for the choice of uncertainty and safety factors? 
	n/a
	No information on chemical hazards to recreational water quality is included in the review as the only topic of relevance to this NHMRC review is Section 3.2.4. Water Ingestion While Swimming or Diving (p. 3-3).

	Are the parameter value assumptions documented and explained?  
	n/a
	No chemical hazards parameter values are presented since chemical hazards are not specifically addressed in the review.

	Are the mathematical workings/algorithms clearly documented and explained?
	n/a
	No mathematical workings/algorithms are presented since chemical hazards are not specifically addressed in the review.

	Does the organisation take into consideration non-health related matters to account for feasibility of implementing the guideline values (e.g. measurement attainability)?
	n/a
	Not applicable since chemical hazards are not specifically addressed in the review.

	Is there documentation directing use of mechanistic, mode of action, or key events in adverse outcome pathways in deriving health-based guideline values? 
	No
	Not applicable since chemical hazards are not specifically addressed in the review.

	If expert judgement is required, is the process documented and published?
	n/a
	Not applicable since chemical hazards are not specifically addressed in the review.

	Is dose response modelling (e.g. BMDL) routinely used?
	n/a
	Not applicable since chemical hazards are not specifically addressed in the review.

	Has the organisation’s policy for dealing with substances for which a non-threshold mode of action may be applicable in humans been articulated and recorded?
	n/a
	Not applicable since chemical hazards are not specifically addressed in the review.

	If applicable: For carcinogens, what is the level of cancer risk used by the organisation to set the health-based guideline value?
	n/a
	Not applicable since chemical hazards are not specifically addressed in the review.

	Comments
	 
	 

	Reviewer Comments
	n/a
	No discussion of chemical hazards in recreational water

	Useful for answering primary research question?
	No
	Quality is satisfactory but content is not relevant. Exclude from further review.

	Useful for answering secondary research questions?
	Partly
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	Citation

	J1
	Black, Jennifer C.; Welday, Jennifer N.; Buckley, Brian; Ferguson, Alesia; Gurian, Patrick L.; Mena, Kristina D.; Yang, Ill; McCandlish, Elizabeth; Solo-Gabriele, Helena M. (2016) Risk Assessment for Children Exposed to Beach Sands Impacted by Oil Spill Chemicals. International Journal of Environmental Research and Public Health 13(9)

	J4
	Li, Peiyue; Feng, Wei; Xue, Chenyang; Tian, Rui; Wang, Siting (2017) Spatiotemporal Variability of Contaminants in Lake Water and Their Risks to Human Health: A Case Study of the Shahu Lake Tourist Area, Northwest China. Exposure and Health 9(3)213-225

	J6
	Björklund, K., Bondelind, M., Karlsson, A., Karlsson, D., and Sokolova, E. (2018) Hydrodynamic modelling of the influence of stormwater and combined sewer overflows on receiving water quality: Benzo(a)pyrene and copper risks to recreational water. Journal of Environmental Management 207, 32-42
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	[bookmark: _Hlk72313696]J1, Black et al., (2016) Risk Assessment for Children Exposed to Beach Sands Impacted by Oil Spill Chemicals

	Q. 
	Criteria
	Assessment
	Comments
	Risk of bias rating

	 
	Section A1: Are the results valid?
	Yes
	 
	 

	1
	Was there a clear statement of the aims of the research?
	Yes
	The aims of the research are set out in the introduction could be more clearly reported.  The aim of the study was to evaluate the health risk to children who potentially contact beach sands impacted by oil spill chemicals from the Deepwater Horizon (DWH) disaster. Children were chosen because they were considered the highest risk group
	Definitely low risk of bias (++)

	2
	Is the methodology appropriate?
	Yes
	A risk assessment methodology is considered appropriate since it addresses a health response to a potential exposure.
	Definitely low risk of bias (++)

	 
	Section A2: Is it worth continuing?
	Yes
	 
	 

	3
	Was the research design appropriate to address the aims of the research?
	Yes
	The study followed a standard risk assessment framework based on the US EPA Risk Assessment Guidance for superfunds (reference 28 cited in document) and US National Academy of Science methods (reference 29).
	Definitely low risk of bias (++)

	4
	Was the chosen hypothetical population or subpopulation appropriate for addressing the study research aims?
	Yes
	Children were chosen because they potentially represent a more susceptible population for exposure and vulnerability to adverse health outcomes following a spill
	Definitely low risk of bias (++)

	5
	Was the data collected in a way that addressed the research issue?
	Yes
	Clear data collection methods are described in the document.
	Definitely low risk of bias (++)

	6
	Has the relationship between researcher and participants been adequately considered?
	n/a
	Question 6 is not applicable since there is no real population of study participants.  Rather, the population assessed is a hypothetical population of children playing on sandy beaches.
	n/a

	 
	Section B: What are the results?
	 
	 
	 

	7
	Have ethical issues been taken into consideration?
	n/a
	There are no ethical issues (Q.7) since the study does not make use of real participants.  Instead, hypothetical population of a sensitive subgroup, i.e. children, is utilised for the assessment.  
	n/a

	8
	Was the data analysis sufficiently rigorous? 
	Yes
	The study is rigorous (Q.8) as it follows conventional US EPA methods for Quantitative Risk Assessment.  Standardised equations developed by the US EPA are used to determine exposure and risk.
Chemicals assessed were those measured above detection limits and Florida Soil Cleanup Target Levels (SCTLs) and thus constitute the highest risk group of substances.  It is common practice in chemical risk assessment to focus on highest risk substances in the first instance.  
Uncertainty is considered through the use of 95% upper confidence limits (UCLs) in risk modelling to ensure conservative assessments
	Definitely low risk of bias (++)

	9
	Is there a clear statement of findings?
	Yes
	Explicit statements of findings are presented in the document discussion along with consideration of various factors that could influence the results.  For example, although the risk assessment resulted in hazard quotients less than one, suggesting no adverse effects due to acute or, sub chronic exposure to weathered oil, impacted sediments, or tar balls, the authors acknowledge that the majority of oxidative by-products are of unknown toxicity.  As a result, the authors recommend more research be undertaken on the potential health impacts of degraded weathered oil chemicals.
	Definitely low risk of bias (++)

	 
	Section C: Will the results help locally?
	No
	 
	 

	10
	How valuable is the research?
	n/a
	Although a good quality study, the authors undermine the wider applicability of the findings with a statement to the effect that the risk assessment conducted should be considered preliminary and specific to the nature of the DWH oil spill due to considerable weathering of the oil prior to beaching.  Thus, the results do not have wider applicability in relation to re-opening beaches for recreational use following an oil spill event.
	Probably high risk of bias (-)

	-
	Overall risk of bias rating
	 
	Although the study is rigorous, clear and well-written and follows a standard risk assessment methodology, the authors explicitly state that the risk assessment should be considered preliminary and specific to the nature of the DWH oil spill. Given the authors' statement that the results are specific to the particular events studied, the study can be considered to be "biased” towards those events.  Consequently, it is classified as having a Probably high risk of bias.
	Probably high risk of bias (-)

	-
	Reviewer's conclusion
	n/a
	Exclude from further review due to probable high risk of bias
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	J4, Li et al., (2017) Spatiotemporal Variability of Contaminants in Lake Water and Their Risks to Human Health: A Case Study of the Shahu Lake Tourist Area, Northwest China

	Q. 
	Criteria
	Assessment
	Comments
	Risk of bias rating

	 
	Section A1: Are the results valid?
	Yes
	 
	 

	1
	Was there a clear statement of the aims of the research?
	Yes
	Aims are described in the introduction. The objectives of the study relevant to this review were (i) to analyse the spatiotemporal variability of contaminants, including ammonia-N, fluoride, phenol, and selected heavy  metals  (As,  Hg,  and  Cr⁶+) in a shallow temperate arid zone saline lake with recharge water that includes municipal and industrial wastewater and agricultural return water, and (ii) to evaluate health risks to tourists and workers who are exposed to lake water through the dermal contact pathway.
	Definitely low risk of bias (++)

	2
	Is the methodology appropriate?
	Yes
	A risk assessment methodology is considered appropriate since it addresses a health response to a potential exposure. 
	Definitely low risk of bias (++)

	 
	Section A2: Is it worth continuing?
	Yes
	 
	 

	3
	Was the research design appropriate to address the aims of the research?
	Yes
	The risk assessment methodology is based on guidance published by the Ministry of Environmental Protection of the P.R. China (2014).  The methodology as described in the document is very similar to US EPA standard methods for health risk assessments although this is not acknowledged.
	Probably high risk of bias (-)

	4
	Was the chosen hypothetical population or subpopulation appropriate for addressing the study research aims?
	Yes
	The population assessed is a hypothetical population of adult tourists exposed to the water via dermal contact only during a single lifetime visit to the lake.  This population is considered appropriate for the lake due its remote, elevated location in a high latitude region of China.
	Definitely low risk of bias (++)

	5
	Was the data collected in a way that addressed the research issue?
	Yes
	Data collection methods are described in the document with adequate detail to understand what was done and the data is appropriate for addressing the research issue.  However, measures to reduce risk of contamination could be more clearly described and if included, would provide more confidence in the study outcomes.
	Probably low risk of bias (+)

	6
	Has the relationship between researcher and participants been adequately considered?
	n/a
	Question 6 is not applicable since there is no real population of study participants. Rather, the population assessed is a hypothetical population of adult tourists exposed to the water via dermal contact only during a single lifetime visit to the lake (local worker dermal exposure is also assessed)
	n/a

	 
	Section B: What are the results?
	 
	 
	 

	7
	Have ethical issues been taken into consideration?
	n/a
	There are no ethical issues (Q.7) since the study does not make use of real participants.  Instead hypothetical population of tourists is utilised for the assessment. 
	n/a

	8
	Was the data analysis sufficiently rigorous? 
	Yes
	The study is rigorous (Q.8) as it uses QRA models recommended by the Ministry of Environmental Protection of the P.R. China.  These appear consistent with similar US EPA models, but note that Body Weight is assumed to be 56.8 kg rather than 70 kg)
	Probably low risk of bias (+)

	9
	Is there a clear statement of findings?
	Yes
	Clear statements of findings are presented in the abstract and conclusions.  Samples were analysed for pH, total dissolved solids, temperature, EC, major ions (Na+, K+, Ca²+, Mg²+, SO₄²⁻, Cl⁻, HCO₃⁻, and CO₃²⁻), ammonia nitrogen (NH₄-N), fluoride  (F⁻), phenol, and heavy metals (As, Hg, and Cr⁶+). 
Concentrations of all these substances are within the acceptable limits for recreational water use (1.5, 1.5, 0.1, 0.001, 0.05, and 0.01 mg/L for NH₄-N,  F⁻,  As,  Hg,  Cr⁶+)
	Definitely low risk of bias (++)

	 
	Section C: Will the results help locally?
	No
	 
	 

	10
	How valuable is the research?
	n/a
	The study demonstrates a method for developing recreational water guidelines for trace metals.  However, the methodology is based on P.R China guidance and local data (and probably slightly different model assumptions, e.g. standard body weight, etc.) would be required to apply the same methods in the Australian context.  So, the study is of low relevance to the development and application of Australian recreational water guidelines.
	Probably high risk of bias (-)

	-
	Overall risk of bias rating
	 
	Although the study is rigorous, clear and follows a standard risk assessment methodology, the methodology is based on P.R China guidance with slightly different model assumptions, e.g. standard body weight, etc.) and is set in an environment not found in Australia (high elevation, arid zone lake that freezes over in winter). Since the results are specific to the particular country and environment studied, the study can be considered to be "biased" towards those conditions.  Consequently, it is classified as having a "Probably high risk of bias".
	Probably high risk of bias (-)

	-
	Reviewer's conclusion
	n/a
	Exclude from further review due to probable high risk of bias and relevance.
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	J6, Björklund et al., (2018) Hydrodynamic modelling of the influence of stormwater and combined sewer overflows on receiving water quality: Benzo(a)pyrene and copper risks to recreational water

	Q. 
	Criteria
	Assessment
	Comments
	Risk of bias rating

	 
	Section A1: Are the results valid?
	Can't Tell
	 
	 

	1
	Was there a clear statement of the aims of the research?
	Yes
	The aims are clearly described in the last paragraph of the introduction. The aim of the study was to investigate the influence of urban stormwater discharges and CSOs on receiving water in the context of chemical risks and recreational water quality by simulating the transport of copper (Cu) and benzo[a]pyrene (BaP) in the Göta River (Gothenburg, Sweden) using a hydrodynamic model. 
	Definitely low risk of bias (++)

	2
	Is the methodology appropriate?
	No
	The methodology is not deemed appropriate, since there was limited measurement data and most of the analysis is based on concentrations predicted by modelling.  The attempt at validating the modelling predictions for Cu and BaP had limitations due to the limited sampling of each parameter and the fact that the sampling events did not match the time period simulated.
	Definitely high risk of bias (--)

	 
	Section A2: Is it worth continuing?
	Yes
	 
	 

	3
	Was the research design appropriate to address the aims of the research?
	Yes
	The hydrological modelling is useful since it provides a lot of detail and despite the limitations with the validation efforts, provides useful assessments of the effects of Cu and BaP via urban stormwater discharges and CSOs.  
	Probably low risk of bias (+)

	4
	Was the chosen hypothetical population or subpopulation appropriate for addressing the study research aims?
	n/a
	There was no hypothetical population or subpopulation since the risk assessment is based on the predicted concentrations of copper and PAHs (as Benzo(a)Pyrene [BaP] equivalents) being compared with local receiving water guidelines.  
	Probably low risk of bias (+)

	5
	Was the data collected in a way that addressed the research issue?
	Yes
	The data collection methods were considered satisfactory except for the monitoring data for Cu and BaP which was inadequate.
	Probably high risk of bias (-)

	6
	Has the relationship between researcher and participants been adequately considered?
	n/a
	Question 6 is not applicable since there is no real population of study participants.  Predicted concentrations of copper and PAHs (as Benzo(a)Pyrene [BaP] equivalents) are compared with local receiving water guidelines.  
	n/a

	 
	Section B: What are the results?
	 
	 
	 

	7
	Have ethical issues been taken into consideration?
	n/a
	There are no ethical issues (Q.7) since the study does not make use of real participants. It is assumed that local receiving water guidelines can be substituted in the absence of recreational guidelines for copper and PAHs.
	n/a

	8
	Was the data analysis sufficiently rigorous? 
	No
	The study has limitations due to the lack of adequate validation of model predictions.
	Definitely high risk of bias (--)

	9
	Is there a clear statement of findings?
	Yes
	Clear statements of findings are presented in the conclusions.  There are too many to include here.
	Definitely low risk of bias (++)

	 
	Section C: Will the results help locally?
	Yes
	 
	 

	10
	How valuable is the research?
	n/a
	The study models the impact of copper and PAHs in discharges of stormwater drains, CSOs and WWTPs in an urban river on recreational water quality.  All these factors apply to Australian urban rivers except for CSOs which are not so common. For Australian conditions, local data and modelling would be required, so the findings of this study have low relevance to the Australian context.
	Probably high risk of bias (-)

	-
	Overall risk of bias rating
	 
	The study has limitations regarding methodlogical rigour due to the model validation.  It was also noted by the authors that the developed model may overestimate the concentrations of Cu and BaP in the water phase due to the exclusion of settling and particle-bound pollutants.
The funding and authoring agencies also have a vested interest in the research results.
	Definitely high risk of bias (--)

	-
	Reviewer's conclusion
	n/a
	Exclude from further review due to high risk of bias
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The following list of guidelines and grey literature citations were scanned for relevance to the primary and secondary research questions and deemed not to be relevant.  Scanning involved accessing the full text document and checking through the document sections for any sections that may have some content relevant to the primary and secondary research questions.  Although it was clear from the title of many of the citations that they dealt primarily with the microbial risk aspects of recreational water quality, they were considered worthy of checking in the event that some relevant material on chemical hazards was also included.
List of grey literature, guidelines, reviews and other citations screened out on relevance to research questions (i.e. did not contain information relevant to the research questions).
Deere, D., Billington, K., McCarthy, D., McBride, G., and Crosbie, N. (2015) Microbial indicators and objectives review for Victoria’s State Environment Protection Policy (Waters), Melbourne Water.
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Recreational water:
Included: Any natural or artificial water bodies without a chemical 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:
· 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)
· tourists
· specialist sporting users (e.g. athletes, anglers, kayakers, divers, surfers)
· 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.

[bookmark: _Toc48299183][bookmark: _Toc106794536]Appendix 2 – Existing recreational water quality guidelines/reports supplied by the Committee
	Institution
	Existing recreational water guidelines /reports suggested by the Committee
	Review

	NHMRC 
	NHMRC (2008) Guidelines for managing risks in recreational water. National Health and Medical Research Council (Australia), Canberra, A.C.T., National Health and Medical Research Council. [online] http://www.nhmrc.gov.au/publications/synopses/_files/eh38.pdf (Accessed October 18, 2012). 
	Considered in literature evaluation

	Ministry of Environment, New Zealand
	MoE (2003). New Zealand guidelines 2003
https://www.mfe.govt.nz/publications/fresh-water/microbiological-water-quality-guidelines-marine-and-freshwater-0
	Excluded in screening phase due to lack ofrelevance to chemical hazards and current narrative review

	
	MoE (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%20information%20for%20setting%20draft%20targets%20for%20swimmable%20lakes%20and%20rivers-final.pdf
	Excluded in screening phase due to lack ofrelevance to chemical hazards and current narrative review

	Office of Environment & Heritage, NSW
	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
	Excluded in screening phase due to lack ofrelevance to chemical hazards and current narrative review

	EPA Victoria 
	EPA Victoria (2019) Quantitative Microbial Risk Assessment (QMRA) for assessing risks to recreational users in Port Phillip Bay. Technical report, EPA Victoria.
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)
	Excluded in screening phase due to lack of relevance to chemical hazards and current narrative review

	US EPA 
	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 Illness 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/upload/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.
	Excluded in screening phase due to lack of relevance to chemical hazards and current narrative review

	Department of Health, State of Hawaii, USA
	Hawaii DoH (2014) Water Quality Standards, Hawaii Administrative Rules (HAR), Chapter 11-54, State of Hawaii, Department of Health, [online] https://health.hawaii.gov/cwb/clean-water-branch-home-page/water-quality-standards/.  Also Hawaii Beach report available at: http://www.beachapedia.org/State_of_the_Beach/State_Reports/HI/Water_Quality#Identifying_Sources_of_Contamination_in_Nawiliwili_Bay_and_Hanalei_Bay. 
	Excluded in screening phase due to lack of relevance to chemical hazards and current narrative review

	WHO 
	WHO, 2003. Guidelines for Safe Recreational-water Environments, Coastal and Fresh-waters, vol. 1. World Health Organization, Geneva.
WHO, 2016. Quantitative Microbial Risk Assessment: Application for Water Safety Management. World Health Organization, Geneva. https://www.who.int/water_sanitation_health/publications/srwe1/en/. 
	Excluded in screening phase due to lack ofrelevance to chemical hazards and current narrative review

	enHealth, 2012.
	enHealth (2012) Environmental Health Risk Assessment: Guidelines for assessing human health risks from environmental hazards, [online] https://www1.health.gov.au/internet/main/publishing.nsf/Content/health-pubhlth-publicat-environ.htm.  Environmental Health Standing Committee (enHealth) is a standing committee of the Australian Health Protection Principal Committee (AHPPC).  
	Excluded in screening phase due to lack of relevance to chemical hazards and current narrative review

	NRMMC 2006
	NRMMC, EPHC, and AHMC (2006) Australian Guidelines for Water Recycling: Managing Health and Environmental Risks (Phase 1), Canberra, Australia, Natural Resource Management Ministerial Council. Environment Protection and Heritage Council Australian Health Ministers’ Conference. [online] https://www.nhmrc.gov.au/about-us/publications/australian-guidelines-water-recycling.
	Considered in literature evaluation

	Health Canada 2012
	Health Canada (2012) Guidelines for Canadian recreational water quality. Third Edition, Ottawa, Health Canada. [online] https://central.bac-lac.gc.ca/.item?id=H129-15-2012-eng&op=pdf&app=Library (Accessed December 17, 2020).  
Provides good information on indicators and gaps in knowledge. Good descriptions of science-based evidence to develop guidelines.
	Considered in literature evaluation



[bookmark: _Toc106794537]Appendix 3 – Keywords (search terms)
The initial list of keywords (sorted alphabetically) approved by the Committee is set out below.  The keywords were used to search for publications based upon the PECO elements and research questions – these were used across all databases for consistency.
For the review, keywords were sorted into categories, search strings and search strategies for searching the selected databases (see Section 2.4)
Key search terms
aboriginal, acid mine drainage, adverse effects, aerosols, allergic reaction/s, ambient water quality, analysis, anglers, angling, antibiotics, antimicrobial resistance, athletes, aural, bather acquired, bathing, bathing beaches, beach/es, benzene, bioaccumulative, boating, body-boarding, body-surfing, BTEX, canoeing, case control study, chemicals, children, classification, coast, coastal, cohort study, colour, contaminant, control, cross-sectional study, dam, dermal, dermal irritation, dermatologic, diagnostic test study, diarrhea, diarrhoea, disability adjusted life year, disease, divers, diving, domestic animals, dose-response, effluent, elderly, endocrine, endocrine disruptors, estuaries, ethylene, exposure, eye irritation, fever, fishing, fishing canoe, fishing kayak, fishing riverbank, fishing shoreline, fishing wading, flu-like, freshwaters, fuel, gastroenteritis, gastrointestinal, hay fever-like, headache, health, health effects, health outcome/s, heavy metals, hepatotoxicity, hydrocarbons, illness, illness/es, immunocompromised, indicator, indigenous, induction of asthma, industrial discharges, ingestion, inhalation, inhalation-related symptoms, inorganic, jet skiing, jet-skiing, jurisdiction, kayakers, kayaking, kiteboarding, kitesurfing, lake, legislation, livestock, marine, methylated, methylated metals, microplastics, mine discharge, nanomaterials, nanoparticles, nausea, neurologic/al, neurotoxicity, non-point source pollution, nonylphenols, ocular, oil and grease, oral, organic, outbreaks, outfall, paddling, parasailing, pentathlon, perfluorinated, persistent, pesticides, PFAS, pharmaceuticals, pneumonia-like symptoms, point source pollution, potentiation, pregnant women, prevention, primary contact recreation, pruritis, qualitative research, quantitative risk assessment, randomised controlled trial, recreation, recreational, recreational exposure, recreational guidelines, recreational water quality, risk, river, rowing, runoff, sail boarding, sailing, saline waters, sand, scuba, sea kayaking, secondary contact recreation, sewage, sewage discharge, sewer overflows, shortness of breath exposure, skin irritation, skin rash/es, snorkelling, source tracking, source vulnerability, spearfishing, spills, standards, stormwater, sunbathing (no contact), sunscreen, surfactants, surfers, surfing, swimmer acquired, swimming, symptoms, synergism, systematic review, toluene, Torres Strait Islander, tourists, toxic, trace metals, triathlon, turbidity, vomiting, wading, wakeboarding, wastewater, water contamination, water parks, water pollution, water quality, water skiing, water sports, wave-boarding, whitewater canoeing, wildlife, wind surfing, wind-surfing, xylene, zinc oxide
Variations on terms that may appear with hyphens were also considered (e.g. nanoparticle versus nano-particle).
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Source: Oxford CTVH (2020), * Questions derived by reviewer for this narrative review based on the CASP approach.


Hints for queries
Compiled from CASP - Critical Appraisal Skills Programme (Oxford CTVH 2020).
	Q. 
	Paper for appraisal and reference:
	Hints

	Section A1: Are the results valid?

	1
	Was there a clear statement of the aims of the research?
	Consider
•what was the goal of the research
•why it was thought important
•its relevance

	2
	Is the methodology appropriate?
	Consider
•If the research seeks to interpret or illuminate the actions and/or subjective experiences of research participants
•Is qualitative research the right methodology for addressing the research goal

	Section A2: Is it worth continuing?

	3
	Was the research design appropriate to address the aims of the research?
	Consider
• if the researcher has justified the research design (e.g. have they discussed how they decided which method to use)
• Has a validated risk assessment framework been used? Note framework used and describe any concerns.

	4
	Was the chosen hypothetical population or subpopulation appropriate for addressing the study research aims?
	Consider
• If the researcher has explained how the participants were selected
• If they explained why the participants selected were the most appropriate to provide access to the type of knowledge sought by the study
• If there are any discussions around recruitment (e.g. why some people chose not to take part)

	5
	Was the data collected in a way that addressed the research issue?
	Consider
• If the setting for the data collection was justified
• If it is clear how data were collected (e.g. focus group, semi-structured interview etc.)
• If the researcher has justified the methods chosen
• If the researcher has made the methods explicit (e.g. for interview method, is there an indication of how interviews are conducted, or did they use a topic guide)
• If methods were modified during the study. If so, has the researcher explained how and why
• If the form of data is clear (e.g. tape recordings, video material, notes etc.)
• If the researcher has discussed saturation of data

	6
	Has the relationship between researcher and participants been adequately considered?
	Consider
• If the researcher critically examined their own role, potential bias and influence during (a) formulation of the research questions (b) data collection, including sample recruitment and choice of location
• How the researcher responded to events during the study and whether they considered the implications of any changes in the research design

	Section B : What are the results?

	7
	Have ethical issues been taken into consideration?
	Consider
• If there are sufficient details of how the research was explained to participants for the reader to assess whether ethical standards were maintained
• If the researcher has discussed issues raised by the study (e.g. issues around informed consent or confidentiality or how they have handled the effects of the study on the participants during and after the study)
• If approval has been sought from the ethics committee

	8
	Was the data analysis sufficiently rigorous? 
	Consider
• If there is an in-depth description of the analysis process
• If thematic analysis is used. If so, is it clear how the categories/themes were derived from the data
• Whether the researcher explains how the data presented were selected from the original sample to demonstrate the analysis process
• If sufficient data are presented to support the findings
• To what extent contradictory data are taken into account
• Whether the researcher critically examined their own role, potential bias and influence during analysis and selection of data for presentation

• Are there any concerns about the characterisation of:
   o Hazards
   o Exposure
   o Risk
Consider any factors that form part of the assessment (modelling, dose response, mode of action etc.) and whether these were applied/considered effectively and according to industry standards.

	9
	Is there a clear statement of findings?
	Consider whether
• If the findings are explicit
• If there is adequate discussion of the evidence both for and against the researcher’s arguments
• If the researcher has discussed the credibility of their findings (e.g. triangulation, respondent validation, more than one analyst)
• If the findings are discussed in relation to the original research question

	Section C: Will the results help locally?

	10
	How valuable is the research?
	Consider
• If the researcher discusses the contribution the study makes to existing knowledge or understanding (e.g. do they consider the findings in relation to current practice or policy, or relevant research-based literature
• If they identify new areas where research is necessary
• If the researchers have discussed whether or how the findings can be transferred to other populations or considered other ways the research may be used

	 Overall risk of bias rating
	• Consider how reliable the findings of the study are using your assessment above and make a judgement on the overall quality of the study based on risk of bias and uncertainties (as below). Provide justification.
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The Authors of this Review have the following declared interests:
	Interest Details
	Summary

	Dr Nick O’Connor

	Consultant in science and engineering to the Australian water industry.  Recent major clients are listed below.
	As principal consultant at Ecos Environmental Consulting, I am involved in many consulting projects for clients in the public and private sectors.  However, the majority of my clients are regional and metropolitan water corporations for whom I provide consultancy advice in the areas of water-related human health and ecological risk assessment.

	Consultant to Melbourne Water 
	I provide consultancy advice in the areas of water-related human health and ecological risk assessment.

	Consultant to VicWater (Victorian Water Industry Association)
	I provide consultancy advice about chemicals of concern in recycled water.

	Member of Scientific Services Consultancy Panel for South East Water
	I provide consultancy advice in the areas of water-related human health and ecological risk assessment.

	Consultant to Victorian Department of Environment, Land, Water and Planning, Victorian Department of Health and Human Services and Victorian Environment Protection Authority.
	I recently undertook a project in conjunction with Atura Pty ltd and Water Futures Pty Ltd to develop the 2020 version of the Victorian Recycled Water Guidelines.

	Dr Yufei Wang

	Researcher in chemical and environmental engineering, with a focus on industry-based water research. Recent projects summarised below:
	As a researcher at Royal Melbourne Institute of Technology University, I am involved in several water research projects, performing analysis and providing consultancy advice to our industrial partners.

	Photolysis of emerging contaminants, R&D project for Melbourne Water
	I perform research activities and report findings assessing the environmental impact on the attenuation of chemicals of concern and provide consultancy advice on their associated risks in recycled water.

	Validation framework review and drinking water supply system performance assessment, R&D project for Water Source Australia
	I provide consultancy advice about assessment of disinfection performance of a Point of Entry drinking water supply system.

	Publication of journal articles 
	I report findings of my research on behaviour and risk assessment of chemicals of concern in recycled water

	Ms Tracy Clark

	Consultant in science and engineering to the Australian water industry.  Recent major clients are listed below.
	As consultant at Ecos Environmental Consulting, I am involved in many consulting projects for clients in the public and private sectors.  My role requires that I support the Principal Consultant at Ecos in undertaking projects. The majority of Ecos’s clients are regional and metropolitan water corporations for whom we provide consultancy advice in the areas of water-related human health and ecological risk assessment.

	Consultant to Melbourne Water 
	I support the Principal Consultant at Ecos in providing consultancy advice in the areas of water-related human health (microbiological) and ecological risk assessment.

	Consultant to VicWater (Victorian Water Industry Association)
	I support the Principal Consultant at Ecos in providing consultancy advice about chemicals of concern in recycled water.
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