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Purpose and Guide to the White Paper

This white paper explains why microbial endpoints, including those relevant to antimicrobial
resistance, should be incorporated into default guideline values (DVGs) for toxicants within the
Australian and New Zealand guidelines for fresh and marine water quality (ANZG).

Drawing on syntheses from targeted workshops and conference sessions in Australia and New
Zealand, it guides readers through the evidence, gaps, and actions needed to enable routine and
defensible use of microbial endpoints when deriving guideline values.

The paper first proposes a co-created supplementary definition for “ecologically relevant microbial
endpoints” to address a key gap in current ANZG guidance.

It then critically appraises priority endpoint categories, from single species assays to community
function assays, genomics and multi-omics approaches.

Finally, the paper presents a gap analysis and a staged Action Plan and Roadmap (2026-2032)
to guide method standardisation, governance, data stewardship, and regulatory readiness.

Together, these recommendations support more ecosystem-representative guideline values for
toxicants in waters and sediments to strengthen One Health' protection outcomes.
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" One Health is an integrated, unifying approach that aims to sustainably balance and optimize the health

of people, animals and ecosystems. It recognises the health of humans, domestic and wild animals, plants,
and the wider environment (including ecosystems) are closely linked and inter-dependent. The approach
mobilises multiple sectors, disciplines and communities at varying levels of society to work together to foster
well-being and tackle threats to health and ecosystems, while addressing the collective need for clean water,
energy and air, safe and nutritious food, taking action on climate change, and contributing to sustainable
development (One Health High Level Expert Panel, 2023)
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Problem Statement

Australian and New Zealand environmental water and sediment
quality guideline values underutilise microbial endpoints,
despite microorganisms underpinning essential ecosystem
services and playing a critical role in One Health. This gap
hampers accurate assessment of contaminant impacts on
aquatic ecosystems, including antimicrobial resistance (AMR)
risks, at a time when advances in genomic and multi-omics
technologies offer strong potential for the integration of
microbial endpoints into risk assessment frameworks.
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Why integrating microbial
endpoints now matters

Current Australian and New Zealand environmental water and
sediment quality guideline values may not protect key ecosystem
processes (nutrient cycling, disease regulation) that sit outside
species level endpoints.

Microbial communities are often the most sensitive indicators of
chemical stress, providing earlier warning than higher trophic levels.

AMR represents a distinct, escalating environmental, animal and
public health risk not captured by existing guideline frameworks.

Advances in genomics and quantitative microbiome methods mean
regulatory ready microbial data are now achievable.

Without clear guidance, regulators risk inconsistent or ad hoc use
of microbial evidence.




Executive Summary

Overview

Aquatic ecosystem resilience and adaptive capacity are intrinsically linked to the compositional
and functional dynamics of their associated microbiomes. However, current environmental water
and sediment quality guidelines for toxicants predominantly focus on protecting organisms at
higher trophic levels, with limited consideration of microbial communities. This white paper
outlines why and how microbial endpoints, including those relevant to antimicrobial resistance
(AMR), should be integrated into deriving environmental water and sediment quality default
guideline values (DGVs) for toxicants in Australia and New Zealand (ANZ). It synthesises outputs
from targeted conference sessions and expert workshops convened in 2025-2026 to identify
barriers and enablers for incorporating microbial data into DGV under the Australian and New
Zealand Guidelines (ANZG) for Fresh and Marine Water Quality (ANZG, 2018). The focus is on
communities of environmental microbes (prokaryotic and eukaryotic microorganisms) as critical
drivers of ecosystem services and as a key component of a One Health approach.

This white paper is intended to support regulators, guideline developers, consultants, and
researchers in ANZ involved in derivation and/or application of DGVs, site-specific guideline
values (SSGVs) for toxicants and direct toxicity assessments in waters and sediments. It
consolidates findings into an action plan and roadmap centred around four overarching
objectives, with fifteen actions to guide a staged implementation from 2026 to 2032.
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In doing so, the white paper delivers four key outcomes that begin to address the problem
statement:

1.

A new, co-created supplementary definition of ‘ecologically relevant microbial endpoints’,
tailored specifically for microbes and recognised as a gap in the current ANZG guidance
(Warne et al., 2025).

A critical appraisal of five categories of microbial endpoints: cell-based assays;
community functional endpoints; amplicon-based methods; metagenomic/meta transcriptomic
approaches; and other omic/multi-omics. Each category was evaluated based on their
ecological relevance, regulatory utility, and methodological readiness.

. Gap analysis mapping identified barriers and enablers against current pathways for

integrating microbial data into ANZG DGVs.

. An Action Plan and Roadmap structured around four overarching objectives and fifteen key

actions to guide staged implementation between 2026 and 2032.

This synthesis draws upon: two curated sessions at the joint conference for the Society for
Environmental Toxicology and Chemistry Australasian Chapter (SETAC AU) and Australasian
College of Toxicology and Risk Assessment (ACTRA) in Wellington, New Zealand (28 August
2025); an invitation-only workshop in Wellington, New Zealand (29 August 2025); and follow-on
online workshops and surveys (October 2025- March 2026). The workshops included 36
participants spanning regulators, scientists, consultants and advisers, who contributed via
facilitated discussions, Mentimeter polling, and scribed notes. Outputs were subject to thematic
analysis to develop this white paper.



EXECUTIVE SUMMARY

Key findings

What must change to enable better use of microbial endpoints

Ecological relevance must be redefined for microbes within ANZG guidance
documents.

The current ANZG definition (Warne et al., 2025) of “ecologically relevant endpoints” for the
derivation of DGVs is centred on species-level competitiveness and is only partially applicable
to microbes. Participants overwhelmingly supported a supplementary definition tailored to
microbiomes that recognises community structure, function and activity as the appropriate units
of assessment, including holobiont contexts (host associated microbiomes). A new definition
was co-created and is presented in this white paper.

Community and functional endpoints are most relevant, but difficult to
operationalise.

Whole-community functional endpoints (e.g., respiration, nutrient cycling) align with ecosystem
protection goals 2 but are constrained by context dependence and limited agreement on
regulatorily defensible effect thresholds. Under current guidance, they are most readily used as
supporting evidence within weight of evidence approaches, particularly for site-specific
guideline values (SSGVs), but pathways for their routine contribution to DGV derivation remain
unclear.

Sequencing-based endpoints are promising if standardised and quantitative.

Amplicon sequencing can detect community shifts across thousands of taxa. Regulatory
application improves substantially when methods incorporate viability assessment and move
from relative abundance to quantitative profiling (absolute cell/gene loads), enabling derivation
of taxon-specific concentration-response relationships that can be aggregated into microbial
sensitivity distributions. Metagenomic and meta-transcriptomic approaches provide
mechanistic insights (functional potential, expression, resistomes) but currently lack validated,
transferable effect thresholds and consistent quality assurance/quality control (QA/QC)
expectations for regulatory decision making. Effective implementation will require agreed data
governance, access and stewardship arrangements to enable reuse, transparency and
long-term availability of microbial and AMR datasets used in DGV derivation.

2 Ecosystem protection goals define what ecological components and functions are to be protected and the
acceptable level of change, guiding endpoint selection. For microbiomes, which operate as highly dynamic,
functionally redundant communities embedded within larger complex biological and environmental systems,
impacts are more appropriately assessed at the community and functional level rather than through the loss of
individual species.
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AMR represents a distinct risk dimension.

AMR-associated risk cannot be inferred from conventional single species toxicity endpoints or
community functional endpoints alone. Metagenomic interrogation of resistance genes and
mobile genetic elements is currently the most defensible direct approach for AMR hazard
characterisation in environmental systems, but requires agreed endpoints, effect thresholds,
and a clear decision context for how AMR information should influence DGV derivation and risk
assessment.

Framework misfit is a core barrier.

The dominant DGV estimation method, the species sensitivity distribution (SSD), focuses on
effects at the species level. This creates a misalignment between: (i) what is most ecologically
relevant for microbes (community/function measures); and (ii) what is most readily incorporated
into DGV derivation (single-species endpoints). Current rules limiting the combination of
different taxonomic levels (e.g. species, family, community) in a single distribution, enforced to
ensure interpretability, risk marginalising microbial evidence to “supporting” status, even when
high quality data are available. Alternative metrics and approaches are needed.

Practical constraints matter.

Key implementation barriers include: limited method standardisation and accreditation;
disagreement on the “chronic” exposure definition for microbes (the current >24 h convention
was challenged); difficulty verifying exposure concentrations in small volume microbial assays
at trace levels; and uneven regulatory appetite and awareness, including inconsistent
prioritisation of AMR across jurisdictions.
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The Action Plan and Roadmap
propose a staged pathway

20262027
Establish governance, co-design and expert
coordination to oversee and implement the
action plan

2027-2031
Targeted research and guidance development

2031-2032
Delivery of endorsed guidance and microbial-
inclusive DGV submissions

2030-2032
Capacity building activities for end-users

White paper on integrating microbial endpoints into ANZG DGVs




N

Key deliverables include
Guidance Briefs (2027 onward)
Microbial guidance addendum (planned 2031)

Formal guidance update (planned 2032)
alongside
Draft default toxicant DGV technical briefs for
priority toxicants that incorporate microbial
endpoints (planned 2032)

Research publications throughout

An advisory committee should be established
early to prioritise the most critical actions within
available funding, and to identify collaborations

and additional funding sources to support the

remaining actions.
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Key Actions intended to support a staged transition of
microbial endpoints from research approaches to
regulatory ready application, with clear decision points
and documentation requirements:

Establish governance, oversight and delivery mechanisms. Form a
transdisciplinary expert advisory group to guide method development,
interpretation and implementation, and to oversee roadmap delivery. This
should include an expression of interest process, clear terms of reference, and
quarterly reporting. Develop engagement, funding and communication plans to
support implementation.

Define ecosystem protection goals and ecological relevance for microbes.
Define and document ecosystem protection goals that explicitly incorporate
microbial community and functional endpoints. Develop a clear and an explicit
statement on the ecological relevance of microbial endpoints, and how they
support ecosystem protection goals in DGV derivation to support future
guidance updates.

Define acceptable microbial endpoints and regulatory-ready methods.
Clarify which whole community and functional endpoints are acceptable for
DGV derivation. Develop QA/QC and metadata standards for genomic and
omics-based endpoints including access to bioinformatic workflows. Clearly
define the regulatory applicability of amplicon sequencing, metagenomic and
meta-transcriptomic approaches, including their roles as primary or supporting
lines of evidence.

Close key technical gaps for assay defensibility. Revisit whether the
microbial chronic exposure timeframe definition of >24 h remains appropriate
or should be extended to better capture longer-term microbial responses.
Develop and standardise affordable exposure verification approaches for

small volume and trace level assays. Apply conceptual ecological models and
adverse outcome pathways (AOP) to inform meaningful thresholds for microbial
community-level and functional endpoints.
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Clarify and test microbial data integration pathways for DGVs. Clarify
current rules for integrating microbial data and combining evidence across
taxonomic levels. Develop practical guidance applying SSD approaches to
large, high-resolution community and omics datasets (e.g., weighting and
aggregation). Conduct worked case studies on priority toxicants to assess the
impact of microbial data inclusion on DGVs considering several integration
approaches including separate microbial sensitivity distributions, combined
approaches, and weight of evidence or multiple lines of evidence methods.

Advance AMR endpoint development and application. Define the policy
framing and decision context for AMR endpoints in toxicant DGV derivation, with
a clear focus on chemical drivers of AMR. This action does not seek to derive
guideline values or conduct risk assessments for biological AMR determinants
(e.g., antimicrobial resistant pathogens, commensals, and associated
resistance genes), although methodological and evidence overlaps will likely
inform both areas. Identify priority AMR-relevant microbial endpoints. Establish
and validate assays and thresholds (particularly metagenomic approaches),
including targeted datasets for priority contaminants including non-antimicrobial
co-selectors.

Capacity building for end-users. Develop targeted capacity building
training to enhance regulators’ ability to integrate microbial endpoints into risk
assessments and apply emerging knowledge in regulatory decision-making.
Work with regulators to build awareness and understanding of new analytical
technologies and the significance of results obtained.
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Scope boundaries and intent

This white paper does not address other water
quality guidelines within the National Water
Quality Management Strategy (e.g., drinking,
recreational, or recycled water). However,

as AMR knowledge advances, coordinated
engagement across responsible agencies

will help align water quality guidelines under

a One Health approach for environmental,
animal and human protection.

This paper builds on (and does not replace)
the ANZG (2018)/Warne et al. (2025)
approach for deriving DGVs to protect aquatic
ecosystems. Species level ecotoxicology and
SSD methods remain essential for consistent
guideline derivation across jurisdictions.
Accordingly, toxicant DGVs derived using the
current approach remain valid and applicable
for use in water quality assessments. The
paper also notes that endpoints used for
higher organisms have recognised limitations
in ecological relevance, and that some Action
Plan outcomes, particularly for community
based endpoints, may be applicable beyond
microbial communities. Until more ecologically
relevant microbial endpoints and datasets

are available, this white paper does not
recommend removing microbial endpoints
currently used in DGVs.

The paper does not suggest or mandate
universal use of metagenomics or multi-omics
is not suggested or mandated in this white
paper. These are presented as targeted, fit for
purpose tools where they add clear ecological
or regulatory value.

AMR is recognised as a distinct, evolving risk
dimension, but the paper does not attempt to
define all pathways, thresholds or regulatory
responses at this stage. The focus is on
preventing AMR driven by anthropogenic
chemicals in the environment, with priorities
identified for staged research, co design and
guidance development.

While this white paper primarily focuses

on methodology for water quality guideline
value derivation, these approaches are also
applicable to sediment quality assessment
and sediment quality guideline values when
sediment-specific considerations such as
toxicant bioavailability and exposure pathways
are incorporated. Accordingly, the paper also
considers the role of microbial endpoints

in sediment quality guideline derivation,

given the importance of sediment microbial
communities in ecosystem function and
contaminant cycling. Applying these findings
to strengthen microbial endpoints for sediment
quality assessments is a key next step,
highlighted in the Action Plan. Likewise, many
of the concepts discussed are also relevant
to groundwater ecosystems, where microbial
communities support critical biogeochemical
processes and may be vulnerable to toxicant
exposure, although groundwater-specific
frameworks are not considered in detail.
Finally, the overall scope and intent of

this paper is consistent with the continual
improvement philosophy espoused by ANZG
(2018).
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Outcome

This white paper establishes a foundation for
integrating microbial endpoints into ANZG
DGV derivation, supporting the development

of more robust and comprehensive regulatory
guideline values and associated guidance
documents. Implementation of the proposed
roadmap will enable DGVs to more accurately
represent whole ecosystem hazards, including
those at the microbial community level, which
underpin key ecosystem services. The improved
ability to incorporate whole-community endpoints,
particularly those at the functional level, extends
beyond microbial systems to benefit better

use of all available taxonomic-level data in
deriving DGVs. Ultimately, implementation of
the action plan will enable routine, defensible
inclusion of microbial endpoints (including AMR-
relevant indicators) in DGVs, SSGVs and direct
toxicity assessments (DTAs), strengthening
environmental risk assessment, including

wider One Health outcomes and improving
protection of aquatic ecosystems.




Action Plan and Roadmap

All actions identified within this white paper have been consolidated into an action plan (Figure ES.1)
and associated roadmap (Figure ES.2). There are four overarching objectives, fifteen key actions, and
within each of these actions are specific targets. All targets deliver outcomes through foundational
and/or research pathways to inform guidance. The action plan will be delivered through a suite of
activities, workshops, projects and partnerships. Recognising the breadth of the plan, an early priority
is to establish an advisory committee to guide prioritisation of the most essential actions.

Establish effective
governance,
engagement and
implementation plans

Develop
capacity building
for end-users

Prioritise toxicants for
microbial-inclusive
DGV development

Publish DGVs
that incorporate

Synthesize outputs
into ANZG microbial
guidance addendum

Submit microbial-
inclusive DGVs for
peer review

Enable conceptual
framing that includes
microbial impacts

Clarify current data
integration pathways

Define acceptable

microbial endpoints

for DGVs with QA/
QC, metadata
and regulatory
documentation

Evaluate alternative
data integration
pathways

2

Close regulatory

gaps through
research and
co-design

K

Develop

collaborations to

close technical
gaps

Standardise chronic
exposure definitions
and verification in
microbial assays

Extend guidance for

microbial microcosm,

mesocosm and field
data use

Define acceptable
thresholds for
microbial endpoints

Adopt agreed data
governance, access
and stewardship
principles

Advance
AMR endpoint
development and
application

Strengthen evidence
on environmental
microbial baselines
to inform field studies
and microbiome
prioritisation

Figure ES.1. Action plan for enabling microbial endpoint use in ANZG DGVs for toxicants.

16  White paper on integrating microbial endpoints into ANZG DGVs



Engagement, Conceptual
White paper communication PhD project 1 framing, .
published and funding plans commence  including AMR Guidance

Brief 1
s @

Advisory Group
EDARS (AG) formed o
QA criteria and Guidance
guidance for Brief 2
microcosms
PhD project 3 Guidance PhD project 2
commence Brief 3 commence Q4
. .m Prioritisation of
Workshops to chemicals for
Commence support guidance microbial data
. expl_oratlon of briefs Throughout roadmap
integration pathways
and acceptable Linkages to strengthen baselines

thresholds and endpoint choice

Q4
Toxicity and @ ' . .
AMR methods Guidance Brief 4

standardised with
QA/QC Throughout roadmap

Conferences + workshops

Publish list of Guidance Q4
microbial endpoints Brief 5
for DGVs

Derive or re-derive

DGVs for priority Guidance
Q4 toxicants Brief 6
ANZG guidance @
addendum - Roadshow and ANZG guidance
commence capability building for addendum -
microbial data usage published DG\_/S
Q 4 subml'gted
for review

Microbial Endpoints
for DGVs Roadmap

Figure ES.2. Roadmap for deriving DG Vs that include microbial endpoints for toxicity
and AMR. The staged actions shown here also address current limitations in data

availability, methods, and regulatory readiness identified in this white paper.
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