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Abstract

The FAIR principles serve to make information Findable, Accessible, Interoperable, and Reusable.
This report provides the first formal public update on the development of data infrastructure, tools
and services for FAIRIification and reuse of data for chemicals risk assessment by the PARC WP7
partners. It describes the mapping of existing and development of missing resources that enable
and support the FAIRIification of data in PARC. It also demonstrates how these resources enable
interoperation and reuse of data across the entire domain of chemical risk assessment.

Some FAIR principles are mainly addressed with technical solutions, but others have a social
dimension: they must be addressed based on input by, and consensus across, the scientific
communities. This is the challenge for PARC Work Package 7: data cannot be made FAIR by data
experts alone. The expertise of data experts and chemical risk assessment experts must be
integrated. The tools and approaches developed must be sufficiently intuitive and user-friendly that
they can be implemented as part of the everyday research practice of data generators.

PARC Work Package 7 develops resources to address the needs of experts from three communities
representing three subdomains of chemical risk assessment: human biomonitoring, environmental
monitoring, and toxicology. These three subdomains cover much of the breadth of the domain of
chemical risk assessment. The three communities are at different levels of maturity in terms of the
use of collective resources that enable or support the FAIR principles, such as repositories, metadata
standards, onfologies, metadata and data capture templates, etc. For this reason, the mapping of
existing resources, and the development of new resources, are mainly performed separately for
each subdomain. This report therefore discusses each of the three subdomains separately (sections
2 and 3). A key focus for the second half of the PARC project will then be the integration across
these sub-domains to ensure full interoperability of PARC data.

A key goal of PARC is to facilitate long-term interoperation and reuse of data across the entire
domain of chemical risk assessment. This is addressed through continued exchange between Work
Package 7 experts, which ensures that resources developed in one subdomain are leveraged in
other subdomains. This is demonstrated through cases discussed in section 4 of this report. The
Chemical Risk Assessment Hub will also serve the same purpose, as discussed in section 5. Finally,
as discussed in section 6, making PARC data FAIR will underpin and facilitate the sustainability of
chemical risk assessment data and ensure long-term accessibility and reuse.

Keywords

Data infrastructure, Data platforms, FAIR data, Findability, Accessibility, Interoperability, Reusability,
Chemical Risk Assessment Hub, Vocabularies, Onfologies, Metadata schemas, Human
biomonitoring, Environmental monitoring, Toxicology
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1 Introduction

1.1 The context of PARC and FAIR data

The global chemical market is vast and continually expanding, with estimates suggesting there are
over 350,000 chemicals in use worldwide, including industrial chemicals, pesticides,
pharmaceuticals, and consumer products. This number includes both naturally occurring and
synthetic chemicals. Only a small fraction of these chemicals has been thoroughly assessed for their
potential risks fo human health and the environment. Estimates suggest that less than 10% of
chemicals on the market have been rigorously studied or regulated.

The regulation of chemicals in Europe is governed by a comprehensive framework designed to
protect human health and the environment while promoting innovation and competitiveness. Key
regulations include REACH (European Commission (EC) 1907/2006), the Classification, Labelling,
and Packaging (CLP, EC 1272/2008) regulation, and sector-specific legislation such as the Biocidal
Products Regulation (BPR, EC 528/2012). REACH, enacted in 2007, requires manufacturers and
importers to register chemicals produced or imported in quantities exceeding 1tonne per year. The
data requirements increase with higher tonnage thresholds (e.g., 10, 100, and 1,000 tonnes),
necessitating more extensive toxicity and ecotoxicity testing. REACH emphasizes the principle of
"no data, no market," ensuring that chemicals are assessed for their hazards and risks before being
placed on the market. The CLP Regulation complements REACH by standardizing the classification,
labelling, and packaging of chemicals fo communicate hazards effectively. It aligns with the Globally
Harmonized System (GHS), ensuring consistency in hazard communication worldwide.

Estimates suggest that there are over 20,000 chemicals registered under REACH, with more than
200,000 chemical substances estimated to be on the EU market. However, only a fraction of these
have been thoroughly tested for their potential hazards and risks. The European Chemicals Agency
(ECHA) has requested additional data for 86% of the 2200 substances checked for compliance
with REACH between 2009 and 2024 . This underscores the need for accelerated risk assessment
processes and the adoption of innovative approaches to evaluate chemicals more efficiently. This
is achieved through a transition to Next Generation Risk Assessment (NGRA), and through
development and validation of new approach methodologies (NAMs).

The EU’s Chemicals Strategy for Sustainability (CSS), adopted in 2020 as part of the European
Green Deal aims fo achieve a toxic-free environment by enhancing the regulation of chemicals and
promoting innovation in safer alternatives. Within the CSS, the "One Substance, One Assessment"
(OSOA) approach aims to streamline and harmonize the evaluation of chemicals across regulatory
frameworks by fostering greater coordination among the European Chemicals Agency (ECHA), the
European Food Safety Authority (EFSA), the European Environment Agency (EEA), the European
Medicines Agency (EMA), the Joint Research Centre (JRC), and national agencies. The OSOA
approach endeavours to eliminate redundant assessments of the same substance under different
legislations, enhance transparency, and ensure that chemical assessments are consistent, efficient,
and scientifically robust. This approach will strengthen the regulatory process and enhance public
trust in chemical safety decisions.

! https://echa.europa.eu/progress-in-dossier-evaluation
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The Common Data Platform on Chemicals? (CDPC) is a foundational element of the OSOA
approach in the EU. By providing a centralized, interoperable, and transparent repository for
chemical data, the platform is intended to enable the efficient and consistent implementation of
OSOA. It will support the EU’s broader goals of protecting human health and the environment,
promoting innovation, and achieving a foxic-free environment under the CSS.

As part of the OSOA approach, the CDPC will in the future also include the current Information
Platform for Chemical Monitoring (IPCHEM). IPCHEM aggregates and harmonizes data on chemical
substances from various sources, including environmental monitoring, human biomonitoring, and
product registries. IPCHEM is hosted by the EU Commission’s JRC and has been developed as the
reference access point for discovering chemical monitoring data collections. IPCHEM promotes a
coherent approach towards collection, storage, and use of chemical monitoring data in relation to
humans and the environment. It is structured into four modules, according to the chemical
monitoring data categorization: Environmental monitoring, Food and Feed, Products and Indoor
Air and Human Biomonitoring. IPCHEM'’s integration into the CDPC will enhance the visibility and
usability of chemical data, enabling stakeholders to better understand chemical risks, monitor
trends, and support regulatory decisions. By combining IPCHEM's specialized chemical data with
other datasets on the platform, the EU Commission aims to create a comprehensive resource that
supports cross-sectoral analysis and innovation.

The Partnership for the Assessment of Risks from Chemicals® (PARC), funded as a public-public
partnership by the EU Horizon Europe program and EU member states and running from 15t May
2022 to 30™ April 2029, represents a transformative initiative aimed at advancing chemical safety
and risk assessment across Europe. With a strong emphasis on collaboration, innovation, and
sustainability, PARC seeks to address the growing challenges posed by chemical exposure, both as
individual substances, in products (articles) and as mixtures, and its impact on human health and
the environment.

PARC is committed to driving the transition to Next Generation Risk Assessment (NGRA), a
paradigm shift that infegrates innovative tools and methodologies such as new approach
methodologies (NAMs), advanced data analytics, and systems toxicology. By moving away from
traditional animal testing and embracing cutting-edge science, NGRA promises to deliver faster,
more accurate, and ethically sound risk assessments. This transition is critical for addressing
emerging chemical risks, supporting the development of safer alternatives, and aligning with the
EU's broader goals of sustainability and the European Green Deal. The NGRA refers to the concept
of using data from NAMs for chemical risk assessment, utilizing tiered combinations of in silico tools,
complex in vitro systems, organ models and omics approaches in conjunction with physiologically
based toxicokinetic modelling and complex exposure models (Marx-Stoelting et al., 2023). The
NGRA puts a strong emphasis on using state-of-the-art systems and as such is predominantly
mechanism-driven rather than being driven by apical endpoints.

Within this broader context, Work Package 7 of PARC aims to make the data in chemical risk
assessment FAIR: it ensures that PARC data are made Findable, Accessible, Interoperable and
Reusable for the long term. This is challenging because, within the domain of chemical risk
assessment, the three subdomains of human biomonitoring, environmental monitoring, and

2 EP legislative observatory, Procedure file on Common data platform on chemicals, establishing a
monitoring and outlook framework for chemicals, 2023/0453(COD)
3 PARC information on Cordis: https://cordis.europa.eu/project/id/101057014/results
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toxicology have traditionally evolved as separate communities (see section 1.2). Consequently, each
subdomain has developed their own methodologies, tools, and infrastructures, which creates
challenges to integrate the information.

The core mission of PARC WP7 is to overcome these challenges. To achieve this, we are developing
a set of overarching data management guidelines that apply fo all aspects of PARC, i.e., to the
entire domain of chemical risk assessment. We also develop subdomain-specific guidance that
considers the specific approaches developed in each subdomain, namely human biomonitoring,
environmental monitoring, and toxicology. We develop and share best practices to leverage existing
infrastructure and approaches. We develop resources that allow to make data in chemical risk
assessment FAIR. While these resources are often developed with one of the three subdomains in
mind, we ensure that they are leveraged by the other subdomains where relevant. We ensure
maximal interoperability and sustainability of PARC data through integration with existing and future
infrastructure. Finally, we ensure regulatory relevance through cooperation with the EU Agencies
responsible for the implementation of the forthcoming CDPC.

ID_I_\_ID_K\ Co-funded by
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1.2 Challenges to integrate data in chemical risk assessment

Chemical risk assessment evaluates the potential adverse effects of chemical substances on human
health and the environment. Chemical risk assessment is the cornerstone of the regulatory risk
assessment process which aims to protect health and the environment. It requires the determination
of both the external and internal exposure to a specific chemical, and the effects (hazard) caused
by that chemical. Exposure assessment examines the likelihood and magnitude of human or
environmental contact with chemicals. Such information may originate from human biomonitoring,
which measures internal exposure, or from environmental monitoring, which measures external
exposure. Hazard assessment is based on toxicology experiments which establish the effects of
chemicals, focusing on their intrinsic properties and effects under fixed conditions. Therefore, PARC
covers a very broad domain which may be subdivided into at least three subdomains: human
biomonitoring (HBM), environmental monitoring, and toxicology. These are crucial components of
chemical risk assessment, risk management, and mitigation efforts. The subdomains have
traditionally evolved as separate research communities, each with their own methodologies, tools,
and infrastructures.

Human Biomonitoring involves measuring chemicals or their metabolites in human tissues and
fluids, such as blood, urine, breast milk, saliva, and hair, to assess the exposure of individuals fo
environmental chemicals and their potential health effects. HBM can be defined as “the method for
assessing human exposure to chemicals or their effects by measuring these chemicals, their
metabolites or reaction products in human specimens” (Centers for Disease Control and Prevention
(CDC), 2005; World Health Organization (WHO), 2015). HBM studies include “all observational
studies that apply HBM as a tool to collect data” (WHO, 2015), in different population groups.

Environmental monitoring is periodic or confinuous measuring, evaluating, and determining
environmental parameters and pollution levels in order to prevent negative and damaging effects
to the environment. It also includes the forecasting of possible changes in ecosystem and the
biosphere as a whole*. IPCHEM defines chemical monitoring as “continued or periodic process of
determining whether a chemical is present and at which concentration, for example in the
environment, in food, in buildings, in products or in our bodies™. In the context of PARC, we use
environmental monitoring to refer to monitoring of occurrence of chemicals in the environment,
e.g. in environmental matrices such as water, air, soil or biota, indoor environment, occupational
environment, products and food. Environmental monitoring helps to determine human external
exposure to chemicals in the environment through various exposure pathways (e.g. via air, food,
drinking water, or occupational exposure) and in various populations of interest (general population,
occupationally exposed population, susceptible groups). It supports evidence-based development
of policies and strategies that aim to protect human and environment from adverse effects of
chemicals in the environment, enables effectivity evaluation of such policies and strategies, and
fosters sustainable development. By the means of environmental monitoring, the detection of new
chemical compounds in the environment is possible and research priorities are set.

(Eco)Toxicology is the scientific study of the adverse effects of chemical substances on living
organisms and the environment, and involves understanding the nature, dose/exposure dependent
effects, detection, and mechanisms of action of chemicals. Traditionally, toxicology has been reliant
on use of animal models including mice and rats as proxies for humans and utilises so-called apical

4 GEMET - Environmental Thesaurus http://www.eionet.europa.eu/gemet/aliss_scripts/concept/2882
5 https://ipchem.jrc.ec.europa.eu/documents/IPCHEM_| eaflet.pdf
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endpoints, which are observable outcomes in a whole organism, such as a clinical sign or pathologic
state, that is indicative of a disease state that can result from exposure to a toxicant (OECD (2012)°.
Such directly measured whole-organism outcomes of exposure as measured in in vivo tests,
generally focus on severe impacts such as death, reproductive failure, or developmental dysfunction
(Villeneuve & Garcia-Reyero, 2011). Advances in imaging and molecular biology approaches,
including analysis of changes in the expression of genes (transcriptomics), proteins (proteomics),
and lipids and small molecules (lipidomics and metabolomics), collectively called “"omics”
technologies have increased the focus on mechanistic understanding of pathways from an initial
exposure fo the final adverse outcome, driving a fransition to so-called New approach (or non-
animal) methods for toxicity assessment. This transition is also being driven by legislation including
the 3Rs Directive (Directive 2010/63/EU) which mandates the ethical use of animals in scientific
research and testing, emphasizing the principles of Replacement, Reduction, and Refinement.

It should be noted that the division of PARC into these three domains does not cover the entire
range of activities and data types in PARC. For example, dietary exposure assessment relies on
environmental monitoring data but also on food consumption data. In environmental burden of
disease assessment, data on population characteristics and disease burden are used, which cannot
be directly linked to these three domains.

In PARC, the ambition is to integrate resources which, so far, have been developed separately. This
is the core challenge that WP7 in PARC is addressing. Thus, significant effort over the first three
years of PARC has been devoted to mapping the landscape of existing resources, identifying
commonalities and differences, and developing resources that enable the FAIRification of chemicals
risk assessment data and models. The challenges to integrate and interoperate data and models
from the three subdomains of chemical risk assessment include:

i Differences in data type and matrix: Toxicology data cover chemical properties, toxicity
levels, and potential biological effects, often generated under controlled lab conditions,
employing in vitro or animal models. Human biomonitoring and environmental monitoring
data are real-world measurements of chemical occurrence, but they pertain to different
matrices. Human biomonitoring data pertain to tissue and body fluids in humans, together
with accompanying data on e.g. lifestyle and demographics, while environmental
monitoring data pertain to matrices such as soil, air, water, food, or biota.

1 Spatial and temporal mismatches: Toxicology data may be collected within a laboratory
setfting, spanning for example exposure scenarios for which the duration is hours, days, or
months. Human biomonitoring and environmental monitoring data often vary across
locations and timeframes depending on human activities, environmental conditions, and
other dynamic factors.

1 Scale and variability: Toxicology data often reflects generalized, averaged effects across
(sub)populations as measured in a controlled laboratory setting. Human biomonitoring and
environmental monitoring data are collected in the real world and may therefore be highly
variable depending on individual behaviours, geographic regions, and other contextual
factors.

1 Uncertainty and assumptions: Toxicology data may rely on assumptions about
interspecies differences, in vitro to in vivo extrapolations, exposure pathways contributing

¢ Appendix A http://www.oecd.org/chemicalsafety/testing/49963576.pdf
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to the hazard, and dose-response relationships. Human biomonitoring data and
environmental monitoring data rely on assumptions about human behaviour and
environmental conditions. Uncertainty is discussed in more detail in PARC WP7 Deliverable
D7.4.

1 Methodological differences: The methodologies used in the three subdomains are often
distinct. Toxicology typically use controlled experiments, lab studies, or modelling to
estimate toxicity under ideal, yet also potentially unrealistically high exposure conditions.
Human biomonitoring and environmental monitoring use observational data, sensing, field
studies, and statistical models to estimate or measure real-world exposure.

1 Data quality and completeness: Toxicology data can be generated in the laboratory under
controlled conditions. There are increasingly robust data quality standards, such as
Organisation for Economic Co-operation and Development (OECD) test guidelines.
However, data quality and completeness for use in risk assessment may be limited due to
in vitro artefacts, inadequate in silico (e.g. quantitative structure-activity relationship, QSAR)
prediction models, or differences in metabolism of chemicals between rodents and humans.
Exposure data is collected in the real world where standardization of methodologies is more
variable. Some exposure data are well standardized, such as emission data through
international frameworks and through the European Pollutant Release and Transfer Registry
(E-PRTR), or food monitoring through the EFSA Data Collection Framework. For human
biomonitoring, standardization is less mature today, although efforts are ongoing under
PARC to increase the level of standardization. Furthermore, due to the inherent variability,
it is challenging to obtain complete human biomonitoring or environmental monitoring
datasets, especially for vulnerable populations or specific exposure scenarios.

1 Procedural challenges. The expectation in PARC is that data is made FAIR from the start.
However, several resources that support FAIRIification of data still need to be built. The
approach of building FAIR enabling resources while at the same time making the data itself
FAIR, can be likened to flying the plane while building it.

ID_I_\_ID_K\ Co-funded by
| /I V1IN N 13 the European Union



DELIVERABLE

1.3 Structure of this report

Within PARC, Work Package 7 is responsible for ensuring PARC data are FAIR. Generic aspects,
such as the FAIR ambition of PARC and the process to involve researchers from various other PARC
Work Packages, have previously been covered in deliverables D7.1 (PARC Data Management Plan),
and D7.2 (PARC FAIR Data Policy). This deliverable describes the work done in PARC WP7, Task
7.2. It covers the mapping of existing resources as well as the development of new resources that
facilitate interoperation and reuse of chemical risk assessment data.

Section 2 provides an overview of existing data resources in the domain of chemical risk assessment
and in each of its three major subdomains. It presents the results of several mapping initiatives.
Selected resources are assessed in terms of their adherence to the FAIR principles. Additionally,
section 2 discusses existing and upcoming research infrastructures of relevance to PARC.

Section 3 describes the initiatives to develop new resources to increase adherence to the FAIR
principles. First, it introduces the tiered approach to data management in PARC. Some FAIR
principles are implemented using resources that are mandatory across PARC. However, due to the
specificities of each subdomain, other FAIR principles are implemented differently for the
subdomains of human biomonitoring, environmental monitoring, and toxicology. This is because
each subdomain has its own specificities and research community. Section 3 describes the
resources that have been developed to enable or support adherence to the FAIR principles for each
subdomain.

Section 4 demonstrates interoperation of data from across subdomains. Even though many
resources were developed specifically for one of the subdomains, continuous exchange between
all PARC WP7 partners have ensured conscious decisions that ensure other subdomains can
leverage the efforts. This maximises the potential for future interoperability. Section 4 discusses use
cases that already today evidence interoperation and reuse of data across subdomains of chemical
risk assessment.

Section 5 discusses the Chemical Risk Assessment Hub, a centralized (meta)data platform designed
to facilitate the management and accessibility of PARC-reused or generated data in alignment with
the FAIR principles. It supports the chemical risk assessment process by ensuring structured access
to relevant datasets and tools for researchers, regulators, and policymakers. The CRA Hub aligns
with the broader objectives of risk assessment by facilitating data sharing, harmonization, and
integration to enhance scientific and regulatory decision-making.

Finally, Sections 6 and 7 take a forward look: they discuss how FAIRification contributes to the
sustainability of PARC, and they discuss the next steps.

ID_I_\_ID_K\ Co-funded by
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2 Existing data resources and infrastructures

2.1 Human Biomonitoring

A comprehensive analysis of the current data landscape in the field of human biomonitoring was
developed as part of PARC project P7.2.2.b. The key identified resources include the Personal
Exposure and Health (PEH) platform (discussed below) and IPCHEM (discussed elsewhere in this
document). The other outcomes of the landscaping work can be consulted in the project report R-
HBMdatasets.T".

In past decades, human biomonitoring studies have been set up in many countries. The HBM4EU
project® integrated human biomonitoring studies across the EU. In that context, the Personal
Exposure and Health (PEH) data platform was developed by VITO to store single measurement data
from HBM studies (“individual HBM data”) and make them accessible for the project partners. The
PEH data platform now also makes this data available to the broader research community and other
stakeholders. The platform also allows data to be added®. It follows the terms and conditions
described in a protocol agreement’® on data exchange which complies with the general data
protection regulation (GDPR). The PEH data platform currently hosts the data from the HBM4EU
aligned studies and the MoM study (Methylmercury-control in expectant Mothers through suitable
dietary advice for pregnancy). Moreover, within HBM4EU, a collaboration was established with
IPCHEM: the HBM module of IPCHEM was enriched with metadata from 159 HBM studies and with
aggregated data from 117 studies.

Additionally, VITO developed the European HBM dashboard"” which allows users to visualize
summary statistics from HBM studies from all over Europe. Exposure levels and trends in chemical
exposure can be explored, and risks can be assessed by comparing exposure levels with available
health-based guidance values.

In PARC, HBM studies are carried out by WP4-T4.1, general population studies, occupational
studies and targeted studies (i.e. vulnerable populations). The overall goal is to establish an EU-wide
monitoring, and to generate Europe-wide FAIR data on exposure to chemicals. WP7 facilitates the
findability, accessibility, interoperability and reusability of the HBM data in close collaboration with
domain experts and other interested parties.

7 https://agenceanses.sharepoint.com/:b:/r/sites/PARC-
ANSES/WP7/WP7%20projects/WP7%20Project%20reports%20and%20landmarks/R-
HBMdatasets.1%20HBM %20data%20landscape.pdf?csf=1&web=1&e=Wp8qBI

8 hittps://cordis.europa.eu/project/id/733032

? https://hbm.vito.be/peh-data-platform

10 Protocol available at: https://hbm.vito.be/peh-data-platform/data-access-procedure
" https://hbm.vito.be/eu-hbm-dashboard
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2.2 Environmental monitoring

Comprehensive and sufficient knowledge, data and information that are generated, available and
accessible to all fo enable informed decisions and actions, is one of the five strategic objectives of
the Global Framework on Chemicals.” These include the monitoring data as further specified in
target B7 of the Framework. Several global and regional environmental monitoring programmes
exist, usually within the framework of or supporting global and regional policies and legislations that
aim fo protect human health and environment from harmful effects of chemicals, and they have
developed practices and tools toward environmental data management.

In PARC, environmental monitoring studies are carried out mainly by WP4 to fill gaps in exposure
data, and to refine the identified regulatory and research priorities on chemicals, matrices and
endpoints, and to support the development of an early warning system in WP8. The overall goal is
to establish an EU-wide environmental and multisource monitoring, and to generate Europe-wide
FAIR data on exposure to chemicals (Marx-Stoelting et al., 2023). While R& WPs, mainly WP4, are
developing innovative methods and tools for monitoring with particular attention to Quality
Assurance/Quality Control (QA/QC) concept (in collaboration with WP9), WP7 facilitates the
findability, accessibility, interoperability and reusability of the reused and generated environmental
monitoring data in close collaboration with domain experts and other interested parties.

Several approaches and strategies toward environmental data management have been developed
by different stakeholders. However, in comparison with the HBM subdomain, the environmental
monitoring subdomain is less homogeneous in terms of agreed community repositories in use,
(meta)data standards and ontologies, or harmonized templates for (meta)data capture. Mapping the
existing environmental (meta)data landscape gives information on existing standards, tools and
services and it is a starting point for environmental monitoring data harmonization and FAIRification.
If no such standards, tools and services are available, they can be developed in PARC in
collaboration with stakeholders.

2.2.1Mapping of environmental monitoring resources

Information was gathered from data provided in PARC project Data Management Plans,
interactions between Data Champions and Data Liaisons, the WP7 inventory of resources managed
by EU Agencies and Directorates relevant to the environmental domain (EFSA, ECHA, EEA, JRC),
inventories of PARC R&I WPs (e.g., an inventory of databases containing information on chemicals
in consumer products), research by WP4 on existing data related to chemicals of interest.

A key contribution to this inventory is PARC WPQ Deliverable D9.2, which provides information on
existing environmental programs, projects, networks, and studies. Additionally, Deliverable D9.8
updates this inventory and includes information on data resources related to chemicals in the indoor
environment, consumer products, and non-target screening data. Further information was
gathered from national inventories and engagement with domain experts and stakeholders.

The information of interest included existing databases, repositories, platforms, and semantic
artefacts (such as knowledge models, metadata schemas and standards, and vocabularies) that are
used or planned to be used by the community. The resources were prioritized based on their level

12 UNEP, Secretariat of the Stockholm Convention (2023): Stockholm Convention on Persistent Organic
Pollutants (POPs). Text and Annexes revised in 2023
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of establishment in the domain, the needs and opinions of domain experts, and their relevance to
EU and global environmental policies.

Key priority resources were identified for further, more detailed exploration of their content,
structure, and level of FAIR principles implementation. Gaps between community needs and
existing resources were identified and this analysis served as basis for development of new
resources in PARC.

The process of mapping the environmental domain data landscape is illustrated in Figure 1. This
process is iterative, and due to the rapid development of community needs and existing tools,
mapping and engagement with stakeholders are carried out continuously.

INVENTORY OF EXISTING RESOURCES
(DATASETS, DATABASES, REPOSITORIES,
PLATFORMS, SEMANTIC ARTEFACTS )

PRIORITIZATION OF IDENTIFIED FURTHER ASSESSMENT OF PRIORITY
RESOURCES RESOURCES

* Assessment of the content (chemical

* PARC domain experts needs and expert compounds, countries and matrices
opinion covered)
* Sources of (meta)data to be reused by PARC « The level of establishment in the domain  « Data type, size and formats
« Databases/repositories to be used to update (number of users, quantity of data « Assessment of the (meta)data structure and
PARC-generated data records) vocabularies
* Metadata schemas, vocabularies, ontologies, » Relevance for global and European * FAIR enabling resources (services,
standards environemntal policies and monitoring specifications, documents) used or planned
networks to be used by the community (Assessment
using FIP)

IDENTIFICATION OF GAPS

DEVELOPMENT OF SOLUTIONS

* FAIRification of major resources

* Development of semantic artefacts to increase semantic interoperability
* Development of FAIR enabling resources

* Access to data for re-use

* PARC Data Hub

Figure 1: Process of mapping the environmental data landscape

At the same time, high-priority sub-domains have been identified. The sub-domain of chemical
occurrence data in the outdoor environment has been selected as the initial focus, followed by
other sub-domains, such as chemicals in the indoor environment, food and feed, articles and
products.

ID_I_\_ID_K\ Co-funded by
| /I V1IN N 17 the European Union



DELIVERABLE

2.2.2 |dentified stakeholders, networks, programmes and resources

There have been numerous monitoring activities generating data on the occurrence of chemicals
in the outdoor environment, supporting environmental research, policy-making, and chemical risk
assessment. Although not always harmonized, each initiative has developed strategies and
repositories for environmental monitoring data management. These can serve as a foundation for
developing FAIR environmental data management practices and tools within PARC.

The Stockholm Convention, adopted on 22 May 2001 and in force since 17 May 2004 B, is a
global international treaty with the objective to protect human health and the environment from the
persistent organic pollutants (POPs). The Secretariat of the Basel, Rotterdam and Stockholm
Convention is hosted by the United Nations Environment Programme (UNEP). To the year 2023,
there are 186 Parties to the Stockholm Convention, including EU. Parties fo the Stockholm
Convention are obliged to take administrative and legal measures necessary to eliminate (chemicals
listed in Annex A) or restrict (chemicals listed in the Annex B) the production and use of the listed
chemicals, and take measures to measure and restrict the releases of POPs from unintentional
production (chemicals listed in Annex C), stockpiles and waste.

By the end of the year 2024, 33 chemicals (pesticides, industrial chemicals and unintentionally
produced chemicals) have been listed in the Stockholm Convention, many of them considered
substances of very high concern under the REACH. In practice, much greater amount of chemicals
is covered by listing, as listing often includes groups of chemicals and related compounds. The
chemicals listed in the Stockholm Convention overlap with chemicals identified as priority
compounds in PARC deliverable D2.1.

More chemicals are in the pipeline for listing in the Stockholm Convention. Chlorpyrifos, chlorinated
paraffins with carbon chain lengths in the range Cia—17 and chlorination levels at or exceeding 45
per cent chlorine by weight, and long-chain perfluorocarboxylic acids, their salts and related
compounds have been recommended for listing in Annex A by the POP Review Committee
(POPRC) and will be considered by the 12th Conference of the Parties in 2025. Polybrominated
dibenzo-p-dioxins and dibenzofurans and mixed polybrominated/chlorinated dibenzo p-dioxins
and dibenzofurans are currently under review by POPRC.

To systematically collect reliable and comparable global data on POPs levels and trends in the
environment, to elucidate regional and global environmental fransport of POPs, human exposure
to POPs, and to evaluate the effectiveness of the Stockholm Convention, a Global Monitoring Plan
(GMP) framework was established by UNEP in collaboration with the Basel, Rotterdam and
Stockholm Convention Secretariat with the support of Global Environment Facility (GEF). The global
monitoring of POPs under the GMP involves periodic monitoring and reporting of POPs in core
environmental matrices (air, human milk, human blood, and surface water for water-soluble POPs
(PFOS, PFOA, PFHXxS, and related chemicals) across all five UN regions. Harmonized and validated

1 UNEP, Secretariat of the Stockholm Convention (2023): Stockholm Convention on Persistent Organic
Pollutants (POPs). Text and Annexes revised in 2023

% https://agenceanses.sharepoint.com/:b:/r/sites/PARC-ANSES/Reporting/1-
Deliverables_Additional%20Deliverables_Milestones/1-Deliverables_Additional%20Deliverables/2-
List%200f%20deliverables%20submitted/List%200f%20Hadea%20approved%20deliverables/PARC
_D2.1_Prioritisation%20criteria%20report.pdf?csf=1&web=1&e=NZb4bd
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monitoring data are available through the GMP Data Warehouse (GMP DWH)"®, which will be
described in more detail in the subsection major environmental resources.

The Basel Convention on generation and transboundary movements of hazardous wastes and
other wastes was adopted on 22 March, 1989 and entered into force on 5 May 1992. The aim of
Basel Convention is to protect human health and the environment from the adverse effects of
hazardous wastes and other wastes and their transboundary movements. Several waste categories
and wastes having as constituents various chemicals (listed in Annex | to the Basel Convention),
including some listed as POPs in the Stockholm Convention, are regulated by the Basel Convention.
Data provided by the Parties to the Basel Convention on generation and fransboundary movements
of hazardous wastes and other wastes for the years 2006, 2007, 2008, 2009 and 2010, are
available in interactive visualization tool (https://www.basel.int/Portals/4/nat-rep-
visualization/index.html).

Minamata Convention on Mercury,”® adopted in 2013 and in force since 16 August 2017, is an
international freaty which aims to protect human health and the environment from anthropogenic
emissions of mercury and mercury compounds. Minamata Convention regulates mercury mining,
trade, use and waste and it covers the complete life-cycle of mercury. It takes necessary measures
to reduce mercury and its compounds’ releases to air, water and soil. In 2023, there are 147 Parties
member of the Convention, including the European Union. Harmonized global environmental
monitoring and human biomonitoring data on mercury in the environment are crucial to evaluate
the effectiveness of the Minamata Convention, and to protect humans and the environment from
the adverse effects of mercury.

The Global Environment Monitoring System (GEMS) supported by UNEP, is a collective effort of
the world community (Gwynne, 1982a) to acquire, through monitoring, the data needed for rational
management of the environment, working through specialized agencies within the United Nations
System and their collaborative monitoring programmes. While the GEMS was phased out in its
original form ects. (Shairsingh et al., 2023), several environmental monitoring programmes and
efforts developed within the GEMS remained or gave foundations for new monitoring programmes.
GEMS/Water was established in 1978 to collect world-wide water quality data for assessments of
status and trends in global inland water quality”. The Programme has developed data management,
quality assurance, indicator calculation and capacities for water quality assessment. Surface and
ground water quality monitoring data, including data on concentrations of chemical pollutants, are
shared through the GEMStat information system hosted by the GEMS/Water Data Centre (GWDC)
within the International Centre for Water Resources and Global Change (ICWFGC) in Koblenz,
Germany. Parts of the Waterbase'®, a database in which EEA regularly collects European water
quality data, including data on hazardous substances and other chemical substances in surface and
ground water has been integrated in GEMStat database. In total, more than 3 million water quality
samples from 1550 stations, distributed over 24 European countries, covering 242 parameters and
49 years have been integrated™.

5 https://www.pops-gmp.org/

16 Minamata Convention on Mercury {2023). Minamata Convention on Mercury: text and annexes

7 https://www.unep.org/explore-topics/water/monitoring-water-quality

8 https://www.eea.europa.ecu/en/datahub/datahubitem-view/208518d1-ffe3-4981-9cae-
13264cd9c32¢

¥ https://waterandchange.org/en/european-water-quality-monitoring-data-in-gemstat-database-

undergoes-major-update/
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In 1977, a cooperative programme for the monitoring and evaluation of the long-range transmission
of air pollutants in Europe, European Monitoring Evaluation Programme (EMEP), was
established. Initially, EMEP focused on assessing the transboundary transport of acidification and
eutrophication. Later, the scope of the programme has widened to ground level ozone formation,
POPs, heavy metals and particulate matter. EMEP supports The Convention on Long-range
Transboundary Air Pollution (CLRTAP) signed in 1979, in force since 1983, which aims fo reduce
impact of air pollution and sets up control measures to control emissions of air pollutants(Gwynne,
1982b)%°.

The EBAS database infrastructure? developed and operated by Norwegian Institute for Air
Research (NILU) is designed to documenting, assuring quality, securing long-term storage and
providing access to atmospheric chemical composition and physical properties data generated by
international and national frameworks and research projects. The database was established in 1995
with the intention to serve as a repository of EMEP data but now serves as an infrastructure to a
larger portfolio of international organizations and projects, and programmes, including Arctic
Monitoring &  Assessment  Programme  (AMAP,  https://www.amap.no/),  ACTRIS
(https://www.actris.eu/), or HELCOM (https://helcom.fi/).

Since 2011, WHO has been compiling publicly available air quality data from officially operated
monitoring networks. This activity is a follow-up to the former UNEP/WHO GEMS air programme.
The WHO Ambient Air Quality Database?? contains data on ground measurements of annual
mean concentration of nitrogen dioxide, particulate matter (PMio, PM2s) in the urban environment.
The database is updated regularly every 2-3 years since 2011, with the last version released in
January 2024. It currently hosts data from over 7000 human settlements in more than 120 member
states. WHO also publishes air quality guidelines, and in the European Region, it collaborates with
the LRTAP as the secretariat of its joint task force on health (Shairsingh et al., 2023).

In the EU, several legislations aim to protect the environment, and monitor the environment quality,
e.g. the Water Framework Directive (WFD) which aims to protect and restore surface and ground-
water bodies including their chemical status, The European Marine Strategy Framework Directive
(MSFD) aiming to reduce pollution, promote sustainable water management practices, and monitor
water quality to protect EU coastal areas, The Ambient Air Quality Directive which aims to improve
air quality in the EU, lays down the requirements for air quality monitoring and aligns air quality
standards with the recommendations of the WHO, or the Soil Monitoring and Resilience Directive,
currently in preparation, which should support the achieving of soil protection and renewal
objectives set by the EU Soil strategy 2030.

Monitoring data that support the EU legislations are stored and accessible through several
databases and platforms. IPCHEM 23, the Information Platform for Chemical Monitoring is the
European Commission’s access point for searching, accessing and retrieving chemical occurrence
data collected and managed in Europe. IPCHEM consists of four modules. Besides the HBM module
described in section 2.1 of this deliverable, it contains environmental module (coordinated by EEA),
The product and indoor air module (coordinated by JRC), and the food and feed module
(coordinated by EFSA). EEA’s Datahub 24 is a centralized platform that provides access to datasets
managed by the EEA, and collected through The European Environment Information and

20 https://www.emep.int/emep_overview.html

2 hitps://ebas.nilu.no/

2 https://www.who.int/data/gho/data/themes/air-pollution/who-air-quality-database
2 https://ipchem.jrc.ec.europa.eu/

24 hittps://www.eea.europa.eu/
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Observation Network (Eionet 25), and other partner institutions. The Datahub contains data for
example from The Water Information System for Europe (WISE, https://water.europa.eu/), which
consolidates data related to water management across Europe; Waterbase - EEA’s collection of
databases concerning the status and quality of Europe’s river, lakes, groundwater bodies and
transitional, coastal and marine waters, and operates within the broader WISE framework; The Air
Quality Database, AirBase ?° that contains air quality monitoring data and information submitted by
participating countries throughout Europe; or the European Pollutant Release and Transfer Register
(E-PRTR)? that provides data on pollutant releases and transfers from industrial facilities across
Europe. EFSA data collection contains chemical monitoring data in relation to the occurrence of
contaminants in food and feed, to food additives, to food flavourings, and to the monitoring of
pesticide residues and veterinary medicinal product residue (VMPR) levels in food and
feed(Zormpas et al., 2025).

Member states also have their national environmental monitoring programmes to comply with the
EU and national legislations, and in many cases have developed national databases or repositories
to store environmental monitoring data. Also, European- or Global-scale community databases
exist, that accommodate environmental monitoring regulatory and research data (GENASIS,
NORMAN, or the EBAS).

Recognizing that people spend approximately 90% of their time indoors (KLEPEIS et al., 2007;
Schweizer et al., 2007) has significantly contributed to the development of indoor environmental
monitoring methodologies and the increase in indoor monitoring studies over the past three
decades. Understanding the indoor environment is crucial for chemical risk assessment and for
evaluating environmental exposures that contribute to the human exposome(Melymuk et al., 2020).

The inventory of existing databases for data concerning occurrence of chemicals in the indoor
environment carried out by WP9 revealed that there is no centralized database for these data, and
systematic indoor environment monitoring programmes are lacking. Existing data are fragmented
in various databases, such as NORMAN EMPODAT (two datasets for indoor dust and occupational
indoor air), GENASIS (ten datasets of studies focused on indoor environment or containing indoor
environment monitoring component, air and dust), and IPCHEM (metadata from AIRMEX, OFFICAIR
and SINPHONIE projects). However, the majority of indoor measurements are not indexed in any
accessible databases. They exist largely in articles and supplementary information in the scientific
literature.

In the indoor research community involving PARC (WP4), IDEAL cluster indoor air projects 28
(https://www.idealcluster.eu/) NORMAN network WG-6 on Indoor Environments and Ambient Air,
a consensus has formed that better metadata/data storage would be a valuable asset in the form
of accepted metadata standards and a broadly used database, and future developments related to
indoor databases should address this.

This community need will be addressed by WP7, starting with the definition of a standard set of
minimum required metadata to describe data on chemicals in the indoor environment (see section
3.4.2).

25 https://www.eionet.europa.eu/

2 https://www.eea.europa.eu/help/glossary/eea-glossary/airbase
ZThttps://www.eea.europa.eu/data-and-maps/data/member-states-reporting-art-7-under-the-
european-pollutant-release-and-transfer-register-e-prir-regulation-23/european-pollutant-release-
and-transfer-register-e-prtr-data-base

2 https://www.idealcluster.eu/
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An inventory of available databases containing data on chemicals in products/articles was collated
by WP6 under the project 6.4.3a SuProM (Y1-Y3). This analysis is covered in detail in the publication
(Olisah et al., 2025) and AD6.15 due in April 2025, and in D9.8. The results are also presented in a
dashboard ?°. The findings and identified gaps are further described in section 3.4.3.

2? Dashboard available at:
https://app.powerbi.com/view?r=eyJrljoiZGlwMzI2MmItYjkyNSOOMDg3LTkOZTQtOGE3YzNIMDRmYjlz
liwidCI6IIEXOTAOZjlzLWYwWZGHNGNKYyOSNmMY3LTMSMGJIKNTVmMY2VIOCIsImMIOjh9
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2.2.3 Characteristics of environmental data types and matrices

Environmental monitoring data consist of i) primary data, observational data on the concentrations
of chemicals or their degradation products in environmental matrices accompanied by other
variables (chemical, biological) for further stratification and interpretation purposes; ii) supportive
data or metadata that describe and give context to the primary data (e.g. locality, matrix, sampling
method metadata), and are important for analysis and interpretation of data. The set of metadata
might differ depending on the data use (e.g. comparison of levels among localities, trend
evaluation). Typically, environmental monitoring data on the occurrence of chemicals in the
matrices of the indoor and outdoor environment are georeferenced data, linked to coordinate
system, and thus to specific locality, where the matrix of interest was sampled. However,
coordinates of the location might be considered sensitive data (e.g. in the indoor monitoring studies

datasets) and/or confidential. |
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