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Abstract

Given the large number of potentially problematic chemicals in the environment, monitoring initiatives are often
preceded by a prioritisation step to focus available resources. Depending on the research/regulatory question
to be answered with the monitoring project, the prioritisation approach may differ, for example aiming at relevant
compounds to be monitored in a specific matrix, or the monitoring of compounds with a certain hazard profile
or the most suitable matrix for a compound group of interest. T4.2 in PARC includes a project on the application
of a prioritisation framework that should ideally represent the first step in each monitoring project. The relevant
research/regulatory questions are provided through high-level activities in PARC, mapping relevant inputs from
European and national agencies. In order to build on existing knowledge, the work started with a comprehensive
literature review and collection of information on other prioritisation schemes, for example from the NORMAN
network, a Nordic study and other national frameworks. Based on this information, a conceptual framework was
developed, as a flexible tool where, to answer a given research/regulatory question, the users would be able to
build their own “filter” (by selecting and combining multiple criteria and associated indicators), resulting in a
categorisation of the substances matching the given research/regulatory question. Subsequently, the substances
can be ranked within each category. Since accessible data for a wide spectrum of indicators is a cornerstone in
the prioritisation framework, various databases have been identified that could feed into the prioritisation
scheme, but need to be maintained and updated. The implementation of the prioritisation framework requires
considerations about a user-friendly interface, computational power, database maintenance etc. Particular
importance is given to the flexibility, impartiality, fransparency and reproducibility of the prioritisation tool, which
will be tested in a variety of small case studies. The prioritisation scheme can be connected with the Early
Warning System in PARC and other uses, e.g. within hazard and risk assessment.

Keywords

Prioritisation, ranking, categorisation, risk, hazard, exposure, monitoring, matrix, endpoint, groups of
compounds, emerging contaminants, regulatory needs, risk assessment, knowledge gaps, environmental
compartments
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1 Introduction

1.1 The need for a framework for priority setting in environmental and multi-
source monitoring

Monitoring data of environmental pollutants are of paramount importance for regulatory bodies, such as the
European Chemical Agency (ECHA), the European Food Safety Agency (EFSA), the European Environment
Agency (EEA), national environment agencies, and human health authorities. Monitoring is crucial, for
example to assess human and ecosystems exposure to chemicals, to characterise their sources, to analyse
spatial and temporal frends and to identify compounds that need more stringent regulation or a full ban.
Monitoring data are also instrumental to evaluate the effect of risk-reducing measures, including those in
support of the EU's Zero Pollution ambition. However, monitoring studies and/or control campaigns are costly
and fime-consuming ventures, and hence, there is a need to optimise these efforts and focus them on the
most relevant groups of compounds/matrices/endpoints. Moreover, the complexity of chemical risk
assessment and management requires a flexible prioritisation framework to guide monitoring actions in
response fo various regulatory questions and objectives.

1.2 Aims and scope

Given the importance of prioritising chemicals (or matrices and endpoints) for a given regulatory or research
question, T4.2 in PARC initiated a project' to develop a prioritisation mechanism. This is intended as a
decision-support tool for the preparation of future monitoring activities in PARC T4.2 and beyond, i.e. as the
first step in a monitoring project as illustrated in Figure 1.

Prioritization and
selection of

chemicals
Feedback Review of existing
mechanism knowledge and
infrastructure

Design of

monitoring
studies

Data analysis
and transfer

Monitoring activities
(analysis and QA/QC)

Figure 1: Prioritisation and selection of chemicals to monitor is a first step when designing monitoring
campaigns.

' P4.2b_Y2_Monitoringframe_AU_INERIS: Applications of a framework for priority setting in environmental and
multi-source monitoring
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The prioritisation mechanism is intended to be flexible, impartial, transparent, and reproducible to
dynamically prioritise chemicals or groups of chemicals, matrices and endpoints (effects) for which focused
monitoring projects need to be developed. At the same time, this framework should also be able to support
other types of chemicals management objectives, such as the identification of Early Warning signals (link to
WP8) or the prioritisation of chemicals for which more rigorous hazard assessment is required (links to WP5).

Recognising that a prioritisation system should be able to answer different types of questions and evolve
dynamically over time, customisation is important. It should be possible to adapt the framework to regulatory
needs and questions associated to new and emerging risks. The ambition is to develop a cross-regulation
and cross-compartment prioritisation mechanism where the selection of chemicals/matrices/endpoints
(effects) to be monitored would be based on muliiple lines of evidence. The framework should ensure the
coverage of an extensive chemical space, support continuous improvement of assessment methods, and
assist regulatory bodies in effective risk assessment and management measures, while addressing the
significant challenges of limited data and a vast chemical landscape.

1.3 Methodology and process to develop the framework
To reach these aims, the project has been divided into six steps (Figure 2):

Compilation of input on regulatory needs for monitoring (see Section 2)

Mapping of existing prioritisation schemes on the basis of a literature review (see Section 3)
Conceptual design of a prioritisation framework (see Sections 4.1 — 4.3)

Development and configuration of an automated online tool (see Section 4)

Case studies to test the prioritisation framework (see Section 4.5)

lterative improvements and fine-tuning on the basis of feedback from case studies (see Section 4.5)

ooEwN

Input on regulatory needs,
based on mapping under the auspices of T2.1

Literature review of existing prioritisation
schemes

Conceptual design of the prioritisation
mechanism

Tool development (prototype)

Iterative improvements

Test on case studies

Figure 2: Steps to develop the PARC prioritisation framework.
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This deliverable provides a comprehensive overview of the current results achieved in steps 1to 3. While steps
4 to 6 are still work in progress, we have outlined the intended approach. Additional operational and
organisational details are provided in the Annex. The work involved multiple partners in T4.2 under the project
leadership of INERIS, AU, OVAM and UBA. Most steps were addressed in a co-creation process through
online meetings, whereas the literature review was performed by partners individually. Following an online
workshop in June 2023, an in-person workshop was held on 12-13 October 2023. A 3rd workshop is planned
to take place in June 2024,

1.4 Definitions

To ensure a common understanding and use of central terms for the project, the following definitions were
developed based on the scientific literature and discussions in the project group.

Research/regulatory question: a question in the field of environmental and multi-source monitoring that a
researcher or regulator wishes to answer with the use of the prioritisation tool.

Criteria: the essential elements or principles against which the user wants to make a judgement with regard
to a research/regulatory question. Criteria hence define the conditions that need to be met in order to
contribute to the ‘research/regulatory question’. Based on the defined criteria, chemical substances can be
grouped in different categories.

Indicator: a quantitative or qualitative unit (it can be the result of an algorithm) which “indicates” a state. An
indicator enables to assess whether a criterion has been met. In other words, indicators help us understand
where we are in the context of a specific criterion. Indicators can also have an alerting function and indicate
what needs to be done to solve a problem. Indicators can be related to cut-off values or thresholds and can
be used in the categorisation or for ranking in the final category.

Category: a group of chemical substances matching a set of defined criteria.

Ranking: list of chemical substances ranked according to a (set of) defined indicator(s) to determine the
priority of the chemicals for a given action.

Hazard: the hazard of a chemical depends on its intrinsic properties, its capacity to interfere with normal
biological processes in living organisms, or its capacity to burn, explode, corrode. Typical environmental
hazards are persistence (P), bioaccumulation (B) and toxicity (T). Hazard assessment is the identification of the
type of adverse effects that a chemical substance or a mixture of chemicals substances can cause in an
organism, system, or population, based on its/their inherent capacity.

Exposure: reflects the extent to which humans and organisms in the environment are in contact with
chemicals under different conditions. While hazardous properties are chemical-specific and data on such
properties can be used globally, exposure depends on conditions that may vary in space and time.

Risk assessment: combines the results of a hazard assessment (hazard identification and hazard
characterisation, such as dose-response assessment) with the exposure assessment. Substance-specific
toxicity information (e.g. the predicted no effect concentration, PNEC) is compared against measured or
estimated exposure levels, e.g. measured environmental concentrations (MEC) or predicted environmental
concentrations (PEC), to determine whether concentrations associated with an exposure are of concern and
risk reduction measures are required.

The terminology is further elaborated below using the following hypothetical research question as an example:

ID_I_\_ID_K\ Co-funded by
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“Which persistent substances are not yet sufficiently monitored in surface waters?”

To address this research question, two criteria must be met: The substance needs to be persistent in water
AND there must be no or only limited monitoring data available. In Table 1, examples of useful indicators and
discriminators/cut-off values are provided. The novelty in this prioritisation framework lies in the fact that the
user will be able to define the indicators to be used to assess the criteria. For this example, we used the
REACH definition to decide on persistency and the definition used in the NORMAN prioritisation scheme to
judge whether a substance is sufficiently monitored in a particular matrix.

Table 1: Example of criteria and indicators for the research question: “Which persistent substances are not
yet sufficiently monitored in surface waters?”

Criteria Indicators Cut-off value or other

discriminator

Persistent in water Half-lives (ty2) of substances > 40 days = Persistent
(cfr. REACH definition)
Not sufficiently monitored in | Number of countries with analyses | < 4 countries

surface waters (cfr., NORMAN
prioritisation approach)

Number of sites with analyses < 100 sites

2 Input on regulatory needs

The overall priority setting process in PARC coordinated by Task 2.1 includes the regular collection of
regulatory needs to guide the work in PARC. In addition to long-term regulatory goals, a Rapid Response
Mechanism (RRM) is included in PARC to take up any urgent needs (see D2.5).

The prioritisation mechanism described in this report will make use of these compilations of regulatory needs
under the auspices of T2.1 as input information that can define the monitoring-related research/regulatory
questions to be answered. In a meeting with T2.1 (and further experts from WP6), the following main
documents were identified for this purpose:

- Key Areas of Regulatory Challenges (KARC), June 2023
- Mapping of regulatory needs, published as D2.4

In addition, WP6 conducts case studies on substances of concern for which (improved) risk assessments are
needed and which could also be linked with the T4.2 prioritisation mechanism.

Further meetings will take place on an annual basis to ensure updates on regulatory needs that can define
research/regulatory questions for the prioritisation mechanism. Based on these inputs, the prioritisation
scheme can define the chemicals, endpoints and matrices to be monitored in the context of the
research/regulatory questions. Figure 3 shows how the work of T4.2 is aligned with T2.1.

A special focus will be placed on the integrated consideration of environmental and human health risks,
recognising the interconnected nature of human and environmental health. It is also important to note that
the prioritisation does not necessarily need to result in categories of compounds, but could also identify the
most relevant matrices for monitoring of a given compound group, for example.

|3_/_\_|D_f\ Co-funded by
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PARC prioritisation framework for
environmental and multi-source

. monitorin
T2.1 collection of & .
Confirmed
regulatory needs o
monitoring needs
Categorisation
o— Lk
o —
O —
oy
O — M — Ranking within category or
Ng = categories of interest

Prioritisation on the basis of
multiple lines of evidence

Figure 3: Starting from the T2.1 collection of regulatory needs, monitoring needs can be identified.

3 Existing priorifisation schemes

All projects in T4.2 are based on the prerequisite that they should not duplicate existing knowledge but build
on state-of-the-art in the field of environmental and multi-source monitoring. For that reason, the first step in
the development of the prioritisation mechanism was a review of the scientific literature on existing
prioritisation schemes. Specifically, ongoing or existing initiatives in international bodies and organisations
(e.g. JRC, OSPAR, ECHA, efc.) or other international programmes were collected, including grey literature.
Workshops and other initiatives have been organised in recent years in the framework of international projects
or other programmes on the topic of prioritisation of hazardous substances for environmental monitoring.
These include the series of workshops of the SOLUTIONS project (Paris, June 2014; Gothenburg, February
2018) in collaboration with NORMAN (https://www.norman-network.net/?g=node/156) (Faust et al., 2019) the
Nordic Seminar on Prioritisation of Substances organised by the Nordic Council (October 2021
https://nordicscreening.org/?p=388) and the outcomes of the PREMISS project (Merly et al., 2021). In
addition, a survey conducted by the OECD WPHA (Working Party on Hazardous Assessment) addressing
International Best Practices for |dentification of Priorities for Risk Assessment (OECD, 2019) was considered

relevant.

The review of the scientific literature was based on a search in the "Web of Science Core Collection" of
Clarivate using a set of keywords to identify relevant papers in the field of prioritisation of chemicals and
chemical contaminants in relation to environmental and human health. The literature search resulted in more
than 10,000 references which were then further screened and ranked (Annex 7 ). The 372 top-ranked
publications were distributed amongst the members of the project group and were reviewed in detail
regarding the criteria and indicators used in the respective studies. The details of the literature search process
are described in Annex 7.2 while the main findings of the literature search and a selection of existing
prioritisation schemes are presented in the sections below.

ID_I_\_ID_K\ Co-funded by
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3.1 Examples of existing prioritisation schemes
3.1.1  The NORMAN prioritisation framework

Unlike other prioritisation methods, which usually aim to rank all candidate substances against one single
prioritisation objective, the NORMAN method (Dulio and von der Ohe, 2013) combines the ranking process
with a prior allocation of the substances info action categories, which allows substances to be managed on
the basis of the level of available information, thereby avoiding the exclusion of substances for which there
are limited data.

The input list used in the NORMAN prioritisation framework is the list of emerging substances available in the
NORMAN Substance Database — NORMAN SusDat. It is a dynamic list resulting from the merging of lists of
environmentally relevant compounds reported by NORMAN partners and beyond as part of the Suspect List
Exchange initiative (NORMAN-SLE) (Mohammed Taha, et al., 2022). The overall prioritisation procedure is
carried out in two successive stages (see Figure 4). In the first stage, the NORMAN prioritisation methodology
uses a decision free that classifies chemicals into six categories, based on common knowledge gaps and
actions to be taken by the research community and public authorities to fill them. The second stage entails
the prioritisation of the substances within each (action) category, on the basis of the criteria and indicators
identified for each category. There is no hierarchical order of priority among the different categories. Each
substance is categorised based on its own ‘knowledge-gap’ profile (e.g. insufficient spatial information on
exposure levels, insufficient experimental data to assess adverse effects, or inadequate performance of
analytical methods for environmental measurements). In this way, it is possible to prioritise less-investigated
substances with a focus on the actions needed to reduce current knowledge gaps.

List of substances

Il

|s the substance sufficiently investigated and are there
sufficient guantified data in the relevant matrix(ces)?

Substance insuffientty (or never) Substance sufficiently monitored but Substance sufficiently monitored and
rmonitared lows frequency of quantification guantified in relevant matrix

Sufficient analytical performance?

=100 sites with LO G = PNEC?

LOQ (best performance) < PNEC?

yes

ance of the |

Cat. 2 Cat. BB
wyatch list == Improve (eco)tox- Low
investigate cological data and an priarity
OCCUMrEnce monitoring perfo Ce manitoring

% MNovel endpoint

Figure 4: NORMAN flowchart of categorisation according to pre-defined criteria.
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There was a broad consensus among experts involved in this project regarding the added value of the
categorisation approach involved in the NORMAN prioritisation scheme. Another interesting feature is that
the NORMAN scheme has recently been expanded to integrate suspect screening data (from retrospective
analysis of digitally archived full scan spectra) in the prioritisation workflow (Dulio et al., under review).

3.1.2 Prioritisation scheme of the Nordic countries

Based on a project of the Nordic Council of Ministers, a prioritisation scheme originally developed for Sweden
was updated and extended to all Nordic countries (Sanderson et al., 2021; 2024). The aim of this scheme is
to identify candidate compounds — based on a comprehensive assessment of both exposure and hazard
factors — for which further action will be needed, including environmental monitoring. The scheme is based
on information from the Nordic countries, but could be applied to other geographical areas. The prioritisation
scheme involves five consecutive filters progressively narrowing down the list of compounds (Figure 5).
Starting with an initial pool of 1528 potentially problematic chemicals, these filters systematically reduced the
number of compounds until a final selection of 16 priority compounds. The input list of 1528 substances was
compiled from REACH authorisation, registration and candidate lists, the Community Rolling Action Plan
(CORAP), the Substitute It Now (SIN) list and a list of potential endocrine disrupting compounds
(https://edlists.org/). The first filter addressed PBT properties in line with REACH criteria, followed by
hazardous properties, such as carcinogenicity, mutagenicity, reproductive toxicity, endocrine disruption and
hazard statements according to the Globally Harmonised System of Classification and Labelling of Chemicals
(GHS). The total exposure and tonnage were evaluated based on use information in the SPIN database of the
Nordic countries. The monitoring data were retrieved from national databases, focusing on the aquatic
environment with some additional information on atmospheric measurements, and were assessed according
to the frequency of measurements over time and space. Each filter resulted in a score, with penalty scores
for the absence of data, making the absence of data an important factor fo keep the compound in the
prioritisation process. The final list of 16 compounds mainly included industrial chemicals, for example used
in plastic manufacturing, but also well-known substances such as the flame retardant tetrabromobisphenol A
and chlorinated solvents.

& 2: Hazard profile
’&% 3: Exposure
a 4: Tonnage

Q 5: Monitoring
=| List

Figure 5: Filters in the Nordic prioritisation scheme (Sanderson et al., 2021; 2024).
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3.1.3 Water Framework Directive Prioritisation scheme

Under the Water Framework Directive (WFD) priority substances are identified as compounds posing a
significant risk to or via the aquatic environment (Art. 16(2) of WFD). The prioritisation of substances as ‘priority
substances’ (PS) involves two complementary approaches: a monitoring- and a modelling-based exercise,
both followed by a ranking process. Both approaches are described briefly here.

The methodology for the monitoring-based prioritisation is described in detail in Lettieri et al. (2016) and
represents a further development of the approach used for the first and second revisions of the PS list.

In the monitoring-based prioritisation scheme:
- the Spatial distribution of PNEC exceedance
- the Temporal frequency of PNEC exceedance

- the Extent of PNEC exceedance

are used as Spatial, Temporal and Extent of PNEC exceedances indicators (STE approach) to rank and classify
the substances for the risk they pose to European surface waters. An STE score is calculated as follows:

- STE scores = Fspatial + Fremporal + Fextent

The input list of substances is derived based on the monitoring data collected from Member States, the
scientific community and other stakeholders. To be eligible for the prioritisation exercise, each substance must
be accompanied by data that meet pre-defined criteria for representativeness (monitoring data that are less
than 10 years old, available for at least 4 countries, 10 sites and 50 samples) and quality (e.g. Limit of
Quantification reported for censored values). In the most recent prioritisation exercise, 316 substances, among
those for which monitoring data were made available by Member States and stakeholders, met these criteria.

A clear limitation of the monitoring-based approach is that contaminants of emerging concern will not be
identified as priority substances if the associated monitoring data are insufficient or lacking (i.e. the
prioritisation results are influenced by the substances that Member State choose to measure and report). To
address this issue, the Watch List mechanism was introduced in 2013 to ensure the generation of EU-wide
representative monitoring data for the prioritisation exercise. Member States have to monitor the substances
on the list, annually, for up to four years. The 1% Watch List was established in 2015, with subsequent updates
in 2018, 2020 and 2022.

The methodology for the model-based prioritisation can also be applied as an additional line of evidence.
This prioritisation approach described in Carvalho et al. (2015) considers two aspects: the estimated exposure
levels of a certain chemical based on tonnage and use type, and its hazardous properties, including secondary
poisoning, bioaccumulation through the food chain and potential human health effects.

3.1.4 National prioritisation system in England

In response to a commitment in the 25 Year Environment Plan to consolidate monitoring and horizon
scanning, the UK Environment Agency has established a National Scale Early Warning System for England
(Environment Agency, 2022). This system is referred to as the Prioritisation and Early Warning System (PEWS)
for chemicals of emerging concern. An overview of the PEWS is shown in Figure 6.
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PEWS@environment-agency.gov,uk
1.
Nomination Quantitative || Qualitative
of concern information information
m : 1: Occurring in UK, hazardous, public interest? :—’ Park and Record

Review : x;I) ure and
Hazard|inf ation

9 Screening to Potential

4.
Prioritisation
Certainty " Intervention

lnterventlon Initiate Maintain Monitor Park and
Options... l Review
6. Track and T Environment
Review rack progress and review W Agency
where necessary

Figure 6: A diagram of the Prioritisation and Early Warning System (PEWS).

Risk

The PEWS allows nominations from anyone concerned about a chemical by emailing PEWS®&environment-
agency.gov.uk. It also collects insights from scientific literature, environmental monitoring data, and horizon
scanning. The information undergoes initial sifting to assess its relevance and public interest. Substances not
needing further attention may be parked. For chemicals requiring investigation, a screening step evaluates
exposure and hazard information, resulting in a prioritisation score for various environmental compartments.
A screening to potential intervention step decides whether regulatory action is needed. The system may
expand nationally in the UK, pending approval from Scotland, Wales, and Northern Ireland administrations.

3.1.5 National prioritisation system in Germany

In September 2022, the German Environment Agency (UBA) initiated the "Ad-hoc assessment for water
monitoring of the future" project which aims to use non-target screening (NTS) data and hazard screening
tools for identifying and prioritising chemicals as well as chemical mixtures of emerging concern in water
bodies. The core element of this initiative is the NTS Portal, currently under development by the German
Federal Institute of Hydrology (BfG) on behalf of UBA. This portal aims to aggregate federal and state NTS
measurement data from water monitoring across Germany. Additionally, it will integrate information on
various hazardous properties, including persistence and accumulation in food webs and (eco-)toxicological
endpoints, sourced from existing databases (e.g. NORMAN Database System; https://www.norman-
network.com/nds/). The NTS Portal is expected to become a central hub for addressing cross-cutting
questions related to substances in the context of chemical and environmental legislation. For this purpose,
UBA has set up advisory boards with experts from various sectors to harmonise assessment approaches and
build curated lists of marketed substances, including their uses and relevant chemical legislation. Data on
persistence and accumulation in food webs are used together with statistical trends to support an Early
Warning System for contaminants of emerging concern. Finally, the project also involves the analysis of
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standardised samples from Environmental Specimen Banks and the use of advanced analytical techniques,
with the goal to establish an Early Warning System.

The role of retrospective analysis in this scheme is an interesting feature for the T4.2 MonitoringFrame project.
Indicators will be considered in the PARC T4.2 prioritisation scheme that allow the assessment of trends in
the occurrence of contaminants in the environment in relation to the presence of chemical products on the
market.

3.1.6  Prioritisation approaches under REACH and Classification, Labelling and
Packaging (CLP)

In REACH and CLP it is important to identify substances that require additional information (such as further
testing) fo assess their potential hazards or risks and decide on the need for further regulatory action. Until
2019, ECHA conducted screening activities for individual chemicals to preliminarily assess whether a
substance (or dossier) should be subject to a specific REACH or CLP process (e.g. restriction, substance
evaluation, etc.). To this end ECHA worked in collaboration with Member State competent authorities to
systematically screen the available information in REACH registration dossiers and other databases.

In 2019, ECHA moved from a substance-by-substance approach to address structurally similar chemicals in
groups. The aim is a more rapid and efficient identification of hazardous substances and control of the
associated risks. For all substances registered above one fonne per year, ECHA's goal is to conclude by the
end of 2027 whether they are (1) a priority for regulatory risk management, (2) currently a low priority for
further regulatory action; or (3) a priority for data generation.

> 100

tonnes

: e

< 100

tonnes

. Not yet assigned . Data generation . Currently no further actions proposed

. Assessment of regulatory needs Risk management under consideration Risk management ongoing

Figure 7: REACH chemical universe: substances with active registrations above 1tonne/year (Snapshot from
ECHA data base December 2022, https://echa.europa.eu/de/universe-of-registered-substances).
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There are still thousands of substances for which possible actions have not yet been determined. Member
States or ECHA (at the request of the European Commission) can propose restrictions if they find that the risk
from the manufacture, placing on the market (including import) or use of a substance needs to be addressed
on a Union-wide basis. This could for instance be the case of hazardous chemicals that are widely detected
in environmental matrices (e.g. PFAS). REACH explicitly requires that all available information in
registration dossiers and open literature, including monitoring data, shall be considered in a weight of
evidence approach to draw informed conclusions on the potential risk of a substance. The proposed
PARC T4.2 prioritisation framework, when implemented, can directly assist ECHA in determining the
appropriate categorisation for the various chemical groups. This framework aims fo enhance decision-
making regarding chemical management.

3.2 Literature search & main findings
A summary of the main findings of the literature search study is presented here.

- The partners reviewed in total 261 out of the 372 distributed literature references. In addition, they
reviewed prioritisation frameworks described in the grey literature;

- The studies covered a wide range of research questions. The participants rated the publications as
“highly”, “medium” or “partly” relevant for PARC (Figure 8).

Relevance for PARC

partly relevant
42%

m highly relevant = medium relevant partly relevant

Figure 8: Relevance of the literature references based on expert judgement of the participants.

- The top 5 chemical groups (not mutually exclusive) mentioned most often as chemicals of interest in
the articles or studies are, in decreasing order: pharmaceuticals, pesticides, industrial chemicals,
emerging pollutants and personal care products;

- The studies mainly focused on water, followed by human matrices, soil and biota and finally air and
the indoor environment;

- Different geographical scales have been reported, including local and national scales;

- Most often prioritisation was done on the basis of exposure, hazard and/or risk indicators:

0 Exposure indicators: MEC, PEC, frequency of occurrence, detection or quantification, and
volume.
0 Hazard indicators: toxicity and PBT properties.
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o Risk indicators: risk quotients (e.g. PEC/PNEC) and hazard indices.

The literature review provided the basis for the first online workshop of 15 June 2023.

The publications that had been evaluated as ‘highly relevant’ for PARC were subsequently used to identify
the most relevant indicators for prioritisation (see Section 3.3).

3.3

Indicators commonly used in prioritisation schemes

Based on the literature review and other information collected in this project phase, the most frequently
reported indicators are summarised in the Table 2 below.

Table 2: Most frequently reported indicators

Indicators related
to:

Environmental
monitoring data

Description

To assess the (known) presence and actual
levels of chemicals in the environment.

Examples of indicators reported

Relevant matrix, number of analyses, number
of sites/countries with analyses,
concentrations reported as min, max, median
concentration, frequency of
detection/quantification, etc.

Environmental fate
and predicted
exposure

To predict the potential exposure of humans
and the environment to chemicals.

Predicted environmental concentrations
(PECs) in different matrices, physico-chemical
properties (vapour pressure, boiling point,
solubility, etfc.), partitioning properties (log
Kow, log Koc, Henry's constant, etc.), and
degradation properties (half-life of the
substances in different matrices).

Ecotoxicity

To assess the (potential) toxicity of chemicals
to aguatic and terrestrial organisms.

Lowest predicted no-effect concentration
(PNEC), effect concentrations such as EC50
(median effective concentration), LC50
(median lethal concentration), NOEC (no
observed effect concentration), or chronic
values (ChV) for different trophic species,
assessment factors, etc.

Human health

To assess the (potential) foxicity of chemicals

Acute toxicity (LD50), repeated dose toxicity

toxicity to humans. (NOAEL),
carcinogenicity, mutagenicity, and
reproductive toxicity potential. Indications of
measurements in human samples through
human biomonitoring campaigns have also
been reported as a useful indicator.
Endocrine To assess the potential of chemicals to act as | Endocrine disrupting potential (confirmed,
disrupting endocrine disruptors estimated/modelled)
potential

Persistence and
bioaccumulation

To assess the potential of chemicals to persist
in the environment and accumulate in living
organisms and food chains.

Confirmed P (persistent) and B
(bioaccumulative) status, half-lives,
bioconcentration factor (BCF, measured or
modelled), degradation rates, etc.

Persistence and
mobility

To assess the potential of chemicals to be
persistent in the environment and
contaminate water resources over large
spatial scales.

Confirmed P (persistence) and M (mobility)
based on half-life ty2 and organic carbon—
water distribution coefficient, Koc, respectively
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Indicators related
to:
Risk

N

Description

To compare the predicted/measured
exposure to chemicals with the effect levels
that are considered safe for humans and the
environment.

Examples of indicators reported

Hazard quotients (HQ), risk characterisation
ratio (RCR), and risk quotients (RQ).

Regulatory status

To assess the regulatory status of chemicals
(compounds that are already in the focus of
regulatory authorities are likely to be already
sufficiently investigated).

REACH Annex XVIl and Annex XIV,
Community Rolling Action Plan (CORAP),
Water Framework Directive (WFD) Priority
Substances. PACT lists (ECHA public
coordinating activity tool)

Use

To identify chemicals that are widely used,
entfer the environment through wide-
dispersive use or that are produced in large
quantities, and therefore more likely to be
found in the environment.

Use patterns, reported volumes, and
predicted emissions.

Transformation
products (TP) and
metabolites

Transformation products are chemicals that
are formed when parent chemicals break
down in the environment. This includes
metabolites formed in biota. Metabolites and
TP can sometimes be more toxic or persistent
than the parent chemicals, so it is important
to consider them when prioritising chemicals
for risk assessment.

Known or predicted transformation products.
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4 Development of a PARC prioritisation framework for environmental
and multi-source monitoring

4.1 Concept of the PARC T4.2 prioritisation framework

The aim of the project is to develop a flexible, impartial, transparent, and reproducible framework to
dynamically prioritise chemicals or groups of chemicals, matrices, and endpoints (e.g. esfrogenicity in
wastewater) for which focused monitoring projects need to be developed (see Section 1.2). "Dynamically
prioritise" means that it should be possible to customise the framework to prioritise chemicals, endpoints or
environmental matrices that should be monitored, depending on the specific research/regulatory question
that is being asked.

It is hence crucial to clearly define the research/regulatory question and the entry list of chemicals (from the
universe of substances) (Section 4.1.1) and then select the relevant criteria and associated indicators for the
prioritisation. Our concept involves two steps, first a categorisation of the compounds (Section 4.1.2), followed
by a ranking (Section 4.1.3) within each category (Figure 9).

Entry list of chemicals

PARC prioritisation framework for
environmental and multi-source
monitoring

Monitoring of prioritised

substances

Figure 9: Workflow of the PARC prioritisation framework

4.1.1 Definition of the entry list of substances

An entry list is defined at the start of each prioritisation study. In theory all compounds of the “universe of
substances” could be part of the entry list of any prioritisation study. This is the case in the NORMAN
prioritisation scheme where all the compounds of the NORMAN Suspect List Exchange (NORMAN-SLE) (see
Section 3.1.7) represent the list of candidate substances for any prioritisation question. However, to simplify
the exercise it is possible to assemble a specific entry list of candidate substances for each prioritisation study.
The list can be defined on case-by-case basis depending on the objectives of the prioritisation study. For

ID_I__ID_K\ Co-funded by
| I VN N the European Union 22



DELIVERABLE DA4.1

example, in the T4.2 pilot study on endocrine disruptors?, an initial list of ca. 900 substances was compiled
starting from the list of compounds already identified as potential endocrine disruptors by regulatory bodies
at EU and national level. This list was subsequently extended to a final list of more than 6,000 candidate
compounds, which formed the entry list for a prioritisation of substances for target analysis.

4.1.2 Categorisation of substances

For this step, one or more filters (criteria) are applied to the enftry list, resulting in a subset of chemicals
fulfilling the defined criteria (and associated indicators). The applied filter(s) depend on the (regulatory)
question o be answered, i.e. the aim of the prioritisation study. It is important to note that the categorization
process will simultaneously also identify the subset of chemicals that do not fulfil the defined
(regulatory/research) question. In some cases, the assessor may also wish to explore the compounds that
were filtered out or discarded. Indeed, these substances may have been filtered out due to knowledge gaps
and should therefore be considered for possible further action (to address these gaps).

The categorisation process should allow for iterative refinements, meaning that additional criteria can be
defined to further adjust the focus of the research/regulatory question.

4.1.3 Ranking within each category

After filtering the compounds based on the defined criteria, users can proceed to further prioritize the
substances within each category through a ranking step. This process aims to create a shortlist of substances
relevant to the specified research or regulatory question and the respective categories (e.g., identifying priority
substances for inclusion in a monitoring campaign).

Here, it is a matter of choice which indicators should be considered, for example usage (e.g. fonnage) or
potential hazards (e.g. ED, PBT). Indicators can be either quantitative or qualitative, and scores can be
assigned to scale each indicator. In general, the indicators are normalised to 1 and then combined.

Different scoring algorithms exist. When the indicator represents a frequency (e.g. frequency of quantification
of a substance in a given matrix, i.e. number of observations with concentration above limits of quantification,
divided by the total number of measurements), the associated score is already a normalised value comprised
between O and 1.

For other types of indicators (e.g. annual tonnage) some systems apply a normalisation to the maximum value
for each indicator. These systems have the advantage of being easy to apply from a practical point of view.
However, it must be taken info account that, since each indicator value is normalised to the maximum value,
there may be changes in the final score every time the dataset changes, as the maximum value will change
as well. This change is justified, but it will not be completely transparent.

An alternative solution is a ranking system in which the score is assigned according to infervals of values,
which has the advantage of being more stable and transparent. However, its critical point is the choice of
intervals. A general disadvantage of any scoring system is that it allows one criterion to be compensated by
another (a good score can hide a bad one). Prioritisation by multi-criteria method of over-ranking is a possible
approach to reduce this issue (Le Gall, 2009). The sum of the scores assigned to each indicator gives the

2 PARC project P4.2.a_Y1_ENVMonitoringPilotSurvey_INERIS_AU
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priority level of a substance within each action category. To ensure a fair comparison, the indicators used for
prioritizing compounds within a given category should be carefully selected. It is essential that information is
available for all the compounds in that category. Additionally, while assigning scores to each indicator, it is
crucial to prevent any bias from influencing the ranking process. However, it is possible to assign a weighting
factor to each indicator in order to reflect the importance of each indicator in the calculation of the final score
(final decision).

4.1.4 Example of a hypothetical prioritisation study

The concept developed in this project can be explained by the example used in Section 1.4. Based on the
research/regulatory question “Which persistent substances are not yet sufficiently monitored in surface
water?”, two criteria were defined that needed to be fulfilled to answer this question: (1) The substance must
exhibit persistence in water and (2) there should be either no monitoring data available in surface water or
only limited data. This can be illustrated with filters retaining the substances fulfilling both of these criteria, as
shown in Figure 10.

Criterion 1 filters
“persistent” substances ——» Category1: not persistentsubstances

Srlterlofl;.z.flltclers ) 4 —+ Category2 : persistent substances, sufficiently monitored
not sufficiently monitore
substances

l Ranking of substances on e.g. the

) basis of tonnage information
Category 3 : persistent substances, not

Shortlist of prioritised
sufficiently monitored P

substances

Action : monitoring is recommended

Figure 10: The combination of filters allows the user to categorise substances based on their persistence as
well as monitoring data. After categorizing the substances, a ranking step allows users to shortlist chemicals
of interest for monitoring.

By combining the two criteria “persistence” and “not sufficiently monitored” substance categories can be
created, see Figure 10. In this example, the user is interested in Category 3 only. However, the PARC T4.2
prioritisation tool will be designed to allow users to utilise either of the defined criteria independently or in
combination, resulting in the creation of multiple categories of interest.

In this example, the user might want to add further criteria and associated indicators, for example availability
of suitable analytical methods, usage (tonnage) or toxicity. This would then result in the creation of additional
categories.

To ensure that the prioritisation framework is transparent and reproducible, information will be provided as
outputs of the prioritisation on the criteria, the indicators and the scoring principles applied to
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research/regulatory questions, alongside the results of the prioritisation. This overview will also include
information on date and version history. As discussed in section 4.2, the prioritisation outputs will depend on
the input information, i.e. the database of substances used for prioritisation. Obviously, reproducibility can
only be achieved for the same input information and will not be valid if the database, indicators or cut-off

values change.

The prioritisation framework |

framework
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