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Abstract

Micro- and nanomaterials have become pervasive across ecosystems, food systems, and human environments,
raising urgent questions about exposure, toxicity, and long-term impacts. Yet despite rapid scientific advances, the
research landscape remains fragmented, with inconsistent terminology, heterogeneous methodologies, and uneven
technological capabilities across laboratories. The FHERITALE initiative—Food, Health and Environment Research
Infrastructures to Tackle Emerging Priorities—offers a unique cross-domain analysis of these challenges and outlines a
roadmap for coordinated European action. Drawing on the FHERITALE Policy Brief and White Paper, this perspective
synthesizes current gaps, emerging priorities, and the strategic role of Research Infrastructures (RIs) in enabling a
One Health approach. We argue that Europe is poised to lead globally in micro- and nanomaterial research if it can
integrate Rl capabilities, harmonize standards, and shift from descriptive studies toward mitigation, remediation,

and policy-relevant solutions.
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Main text

Artificial micro- and nanomaterials, including microplas-
tics and nanoplastics, are becoming increasingly preva-
lent in environmental, food and human systems. This
raises concerns about exposure and long-term impacts.
Despite the growing body of research in this area, the
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field remains fragmented due to inconsistent terminol-
ogy, heterogeneous methods and uneven technological
capacities. While there have been advances in detection
and characterization, key gaps in our understanding of
biological interactions, exposure pathways and associ-
ated risks persist.

The One Health framework offers an integrative per-
spective that links the environment, food and health, but
its implementation is hindered by disciplinary silos and a
lack of standardization. Analytical challenges, especially
regarding nanoplastics, include difficulties in detection

© The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati

vecommons.org/licenses/by-nc-nd/4.0/.


http://crossmark.crossref.org/dialog/?doi=10.1186/s40550-026-00159-9&domain=pdf&date_stamp=2026-8-14
https://doi.org/10.1186/s40550-026-00159-9
https://orcid.org/0000-0001-6172-0368
mailto:antonio.rosato@unifi.it
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Murgioni et al. Food Safety and Risk (2026) 13:35

Graphical Abstract

@@ 4

S —
rd)
-

Fragmented Research
Landscape

and quantification, alongside underdeveloped modelling
tools and unequal access to advanced technologies.

As emphasized by FHERITALE, Research Infrastruc-
tures offer a way to address these limitations by enabling
coordination, standardization, and shared services. Inte-
grating them can support a transition towards solution-
oriented research, including mechanistic understanding,
mitigation and policy-relevant strategies, thereby
strengthening Europe’s capacity to respond to micro- and
nanomaterial challenges.

Introduction

Artificial materials at the micro- and nanoscale—micro-
plastics, nanoplastics, bioplastics, metal oxides, and plas-
tic additives—have become ubiquitous in modern life.
Their presence in water, soil, air, food, and biological tis-
sues has triggered widespread concern about their poten-
tial impacts on human health, environmental integrity,
and food safety. Regarding plastics, in 2024 the European
Union produced 54.6 million tons, of which 43.3 million
tons came from fossil-based production, 10.7 million tons
from recycling, and 0.6 million tons as bio-based plastics
(PLASTIC 2026). The amount of packaging plastics waste
was 15.8 million tons in 2023 (Eurostat 2025). Conven-
tional plastics are petroleum-derived polymers designed
for durability that are not biodegradable under natu-
ral conditions. Bio-based and bio-attributed plastics are
chemically similar polymers produced partly or entirely
from renewable biomass, yet they may behave like con-
ventional plastics in the environment. From an environ-
mental point of view, their main advantage is a smaller
carbon footprint. Biodegradable plastics are defined by
their end-of-life behavior, namely microbial degradation
into CO,, water, and biomass under specified conditions,
which are not necessarily met in the natural ecosystem.
Bioplastics is an umbrella term loosely covering plastics
that are bio-based, biodegradable, or both (European
Commission 2022).
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Integrated and
potentiated Research

In contrast to engineered nanomaterials, such as metal
nanoparticles, which benefit from decades of research
and regulatory guidance (Shahalaei et al. 2024), micro-
and nanoplastics lack methodological maturity (Huang
et al. 2024). Analytical methods vary widely, terminol-
ogy is inconsistent, and research efforts are distributed
unevenly across domains. A recent controversy high-
lighted the need for the scientific community to devote
substantial efforts to refining, standardizing, and har-
monizing analytical methods for detecting microplastics
in tissue samples (The Guardian 2026). These improve-
ments are needed not only to enhance the reliability and
reproducibility of research in the field but also to provide
a solid basis for government decision-making. Cross-
domain collaborations would be relevant for providing
researchers in the field with guidelines to improve their
work, including the development of better method docu-
mentation and checklists to support publication in scien-
tific journals (Xu et al. 2025). A further aspect to consider
is that, while detection and characterization have pro-
vided a wealth of data (albeit sometimes controversial),
the understanding of biological interactions, exposure
pathways and long-term risks lags (Landrigan et al
2025). For example, some studies are available on animals
(in-vivo) and animal models (in-vitro), typically from
an ecotoxicological perspective (Qualhato et al. 2023,
Augustus de Aratjo et al. 2025). Basic questions, such as
how micro- and nano-plastics are taken up by cells, have
been addressed to some extent (Khan and Jia 2023, Hua
et al. 2022), but fundamental limitations remain, making
it so far impossible to accurately compare data from a set
of diverse studies (Hernandez et al. 2025).

The FHERITALE project aims to develop strategies to
address this fragmentation by bringing together Euro-
pean Research Infrastructures (RIs) across the food,
health, and environmental domains. Through biblio-
metric analysis, expert consultation, and service map-
ping, FHERITALE provides a cross-cutting view of the
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scientific landscape and identifies strategic priorities for
future research and policy. This manuscript leverages
such work to articulate a broader vision for how Europe
can build an integrated, One Health-oriented research
ecosystem capable of addressing the complex challenges
posed by artificial micro- and nanomaterials.

The one health imperative - a conceptual
foundation for integration

The One Health framework was defined by the One
Health High-Level Expert Panel (OHHLEP) (One Health
High Level Expert Panel 2026) as an approach that ‘aims
to sustainably balance and optimize the health of people,
animals, and ecosystems”. The One Health framework is
the only lens capable of capturing the full lifecycle and
consequences of artificial materials, including:

+ Environmental pathways (soil, water, air)

+ Food chain transfer

+ Human exposure and toxicology

+ Animal health impacts

+ Socio-economic and regulatory dimensions

It is a crucial context for the investigation of micro- and
nanoparticles because they can traverse environmental
compartments, food chains, and physiological barriers
in biological systems. Therefore, their impacts cannot be
thoroughly understood within disciplinary boundaries.
Despite broad recognition of its importance, One
Health remains difficult to put into practice. We have
highlighted how the artificial materials field suffers from
a pressing need for shared terminology and vocabulary.
Researchers from different domains often use similar

Page 3 of 9

terms which mean different things or describe similar
phenomena through different terminologies. This termi-
nological fragmentation undermines data comparability
and complicates regulatory interpretation.

A direct effect of the above is that it encourages
research efforts to remain siloed within scientific
domains. Environmental studies tend to focus on distri-
bution, degradation, and environmental fate, toxicologi-
cal studies examine cellular and organismal effects, and
food scientists investigate contamination pathways and
exposure through diet. Furthermore, social scientists
are rarely integrated into technical discussions. A cross-
domain perspective is needed to remove the structural
barriers that hinder the development of a comprehensive
understanding. Although such barriers frequently arise
in the challenging process of bridging disciplines, clearly
identifying them through concrete initiatives such as the
FHERITALE project is an essential step towards over-
coming them.

Mapping the current research landscape

The landscape exercise that we carried out made it pos-
sible to identify the main criticalities, detailed below and
summarized in Fig. 1.

Technological asymmetries

A bibliometric analysis of more than 800 papers carried
out as part of FHERITALE’s tasks (Murgioni et al. 2025)
has highlighted a research landscape that is both active
and uneven. A notable issue is that while there is an EU
regulatory definition of nanomaterial (European Com-
mission Recommendation 2022/C 229/01), there is no
such definition for micro- or nanoplastics. In practice,

Adopt a One Health Approach
Promote policies that integrate human, animal, and environmental health to address the

complex impacts of artificial materials holistically.

‘/Terminnlogy
Mitigation & Remediation
Technological Development
\ Lack of training
A

Support Interdisciplinary Collaboration

Encourage collaboration among researchers, policymakers, and stakeholders across health,
environment, and food sectors to ensure contextually appropriate solutions. Centralized
approach to training across Rls.

Standardize Terminology and Protocols

Develop and enforce common definitions, measurement standards, and

e
[ Standardized Samples

analytical protocols to improve data comparability and research reproducibility.

Standardized Metodology Enh Technologi

Risk Assessment

Contamination in Testing
\ Detection Limits

1 Devel t

P

Support the development of non-destructive, quantitative tools and certified reference
materials for accurate detection and analysis of nanoplastics.

Elucidate organism-MNP interactions

Promote the understanding of the biological mechanisms of interaction

between organisms and micro and nanoparticles.

Fig. 1 Summary of the gaps and challenges identified by FHERITALE through its landscaping activities and interactions with experts, along with some

of the corresponding policy recommendations
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solid, synthetic polymer particles smaller than 5 mm in
their longest dimension are dubbed microplastics, a defi-
nition proposed in a 2008 workshop of the US National
Oceanic and Atmospheric Administration (Arthur et
al. 2009). For nanoplastics, two competing conven-
tions exist: < 1 um (1000 nm), which is commonly used
in environmental science, since it matches the practical
detection limit for many analytical methods; < 100 nm,
which aligns with the above-mentioned EU definition
of nanomaterial, as well as with the definition of nano-
material available from ISO (ISO/TS 80004-1), in which
nanoscale is described as roughly 1-100 nm and nano-
material as a material with any external dimension, inter-
nal structure, or surface structure in that range. The
scientific debate persists regarding the exact size bound-
aries distinguishing micro- and nanoplastics (Gigault et
al. 2018, Frias et al. 2019, Rani-Borges and Ando 2024),
but such distinction is beyond our scope, as the outcomes
of the European FHERITALE project focus on mapping
and providing infrastructure services whose operational
range depends directly on the detection limits and spatial
resolution of available analytical technologies. For this
reason, in our bibliometric work, we adopted the particle
size as defined by the authors for each article.

Microscopy dominates the methodological toolkit,
reflecting its accessibility and versatility, along with opti-
cal spectroscopy methods. At the micro-scale, these two
groups of techniques cover 58% of the studies analyzed,
whereas this figure is 39% at the nano-scale. These figures
were derived according to the particle-size classifications
defined by the authors of the original studies (Murgioni
et al. 2025). This difference may be due to possible prac-
tical difficulties/limitations of microscopy methods at
the smaller scale. Consequently, the technologies for the
detection and characterization of the smallest and most
complex particles must be developed further to provide
viable additional approaches, focusing on non-opti-
cal microscopy or mass-based methods. Nanoplastics
remain significantly understudied with respect to micro-
plastics, also in terms of the relative number of available
articles, despite growing evidence that their small size
and high surface-to-volume ratio may make them more
biologically active.

Biodegradable plastics have been receiving compara-
tively little attention, even though they are increasingly
prevalent in consumer products and may degrade into
particles with distinct toxicological profiles. Plastic addi-
tives are also worthy of greater investigation as they are
an integral part of particles and further enhance their
impact. Mitigation and remediation research is scarce,
suggesting that the field remains primarily descriptive
rather than solutions oriented. Cross-domain studies—
those integrating environmental, food, and health per-
spectives—are still the exception rather than the rule.
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As mentioned above, while microscopy is widely used,
other advanced techniques, such as high-resolution
nuclear magnetic resonance, non-destructive imaging,
and computational modeling, are underutilized (Mur-
gioni et al. 2025). This imbalance can be the result of
multiple factors, including the steep cost and difficulty
of maintaining the specialized instruments. As a result,
research capacity varies widely across laboratories and
countries, creating inequities that hinder the develop-
ment of harmonized protocols and shared standards.

Gaps in mechanistic understanding of biological and
environmental impact

Our understanding of how artificial materials interact
biologically at the micro- and nanoscale is less devel-
oped than our ability to characterize them. The project
outcomes highlighted the lack of robust analytical and
technological tools for studying micro- and nanoplastics,
particularly in complex matrices such as tissues, soils,
and food (Vankoningsloo et al. 2026). It is worth high-
lighting also the existence of an Environmental-Human
Testing Gap. Notably, the smallest and most bioactive
particles are the least studied. Risk assessment, especially
in the food sector, remains insufficient, and real-world
exposure studies are rare (Vankoningsloo et al. 2026).
These gaps prevent the development of evidence-based
policies and risk management strategies.

Analytical and technological challenges
Standardization deficits

A widely acknowledged issue is the absence of standard-
ized sampling protocols, extraction and purification
methods, analytical workflows, reference materials, and
reporting formats. Without standardization, reproduc-
ibility suffers, and cross-study comparisons become
unreliable. This lack of harmonization also impedes reg-
ulatory uptake, as policymakers require consistent and
validated data to support decision-making (Murgioni et
al. 2025, Vankoningsloo et al. 2026). In this context, a key
milestone was the publication of ISO 24187:2023, which
describes the principles to be followed in the analysis of
microplastics in various environmental matrices, includ-
ing particle size classification, sampling apparatus, sample
preparation, and determination of representative sample
quantities. Rather than prescribing a single method, this
standard compiles several analytical approaches and
provides general guidelines for sampling, sample prepa-
ration, and data processing, applicable not only to envi-
ronmental matrices but also to drinking water and food.
Building on this foundation, ISO has since developed
matrix- and technique-specific standards: ISO 16094-
2, published in September 2025, provides guidelines for
microplastic analysis of water samples using vibrational
spectroscopy methods (Raman and FTIR), while Parts 3
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and 4, covering thermoanalytical methods and sample
preparation for complex water matrices respectively,
remain under development. Despite this progress, differ-
ent laboratories continue to use different sampling pro-
tocols, sample preparation procedures, and instrumental
setups, resulting in poorly comparable results and under-
scoring the ongoing need for harmonized methodology
and quality-assurance procedures.

In parallel with addressing the above issues more com-
prehensively, it is important to recognize the existence
of a significant need for training on the proper use of
analytical methods and the interpretation of data. This
need is expected to become even more pressing with
the desired implementation of novel standards and stan-
dardized methods taking off. With training opportunities
being unevenly distributed across Europe, many labora-
tories are at risk of falling behind in their development of
expertise in advanced techniques (Murgioni et al. 2025,
Vankoningsloo et al. 2026).

The nanoplastics and modeling frontiers

Nanoplastics represents the most analytically challeng-
ing class of materials. Their small size, heterogeneity, and
tendency to aggregate complicate detection and quantifi-
cation. Distinguishing nanoplastics from natural colloids,
quantifying low concentrations in complex matrices,
tracking transformations during digestion or weathering,
and assessing biological uptake all remaining significant
challenges, further complicated by the aforementioned
lack of standards (Murgioni et al. 2025, Vankoningsloo et
al. 2026).

A further need is for computational tools able to sim-
ulate exposure scenarios and predict particle behavior.
Modeling is essential for estimating environmental fate,
predicting bioaccumulation, supporting risk assessment,
and designing mitigation strategies. Nevertheless, com-
putational approaches remain underdeveloped and unde-
rutilized, partly due to the lack of standardized input data
and partly due to limited cross-domain collaboration
(Murgioni et al. 2025, Vankoningsloo et al. 2026).

The discussion in Section "Mapping the Current
Research Landscape" and "Analytical and Technological
Challenges" is visually summarized in Fig. 1 (Vankoning-
sloo et al. 2026, Boer et al. 2025, Murgioni et al. 2025).

The strategic role of research infrastructures

RIs as integrators of expertise and technology

One of FHERITALE’s major contributions is the mapping
of services across European Rls. The resulting landscape
includes dozens of services spanning physical and chemi-
cal characterization, structural analysis, toxicology, bio-
logical activity, exposure assessment, and environmental
monitoring. A report describing the map in its version of
July 2025 is available (Mandemaker et al. 2025).
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The current map of the relevant services (Fig. 2) offered
by European RIs is available on the FHERITALE website,
at https://theritale.eu/survey-outcomes .

The diversity of services represented on the map is a
strength, but only when effectively coordinated. With-
out integration, the field risks duplicating efforts, missing
opportunities for synergy, and failing to develop the com-
prehensive workflows needed for One Health research.
One way to address this challenge could be addressed
through the implementation of a cluster of the services
offered by the various RlIs (as well as other large-scale
facilities). A service cluster is a specific collection of ser-
vices offered by the various RIs adhering to a defined set
of standards, oriented to the interaction with the micro-
and nanoplastics community (or, generally speaking, with
any defined research community). Such a cluster model
would enable multi-modal analytical workflows, shared
quality standards, joint technology development, coor-
dinated training programs, and cross-domain research
projects. By pooling expertise and resources, RIs can
overcome the limitations of individual laboratories while
creating a more equitable and efficient research ecosys-
tem. However, service clusters alone do not address the
aspects that require technological development, par-
ticularly in the investigation of nanoplastics. Although
the definition of nanoplastics remains under active
debate (Gigault et al. 2018, Frias et al. 2019, Rani-Borges
and Ando 2024), a pragmatic consideration in organiz-
ing clusters of services is that the spatial resolution and
detection limits of available instrumentation determine
which materials can be meaningfully analyzed. Bridging
such gaps is a longer-term goal, again to be tackled col-
laboratively by RIs. One of the final aims of FHERITALE
is to address specific development actions that can be
addressed as follow-up activities of the project.

The development of a cluster of services could lever-
age the Service Readiness Classification (SRC) offered by
FHERITALE, which provides a strategic framework for
assessing the maturity of analytical methods. The SRC
methodology is derived from the Technology Readiness
Level (TRL) framework, which is widely used to assess
the maturity of a particular technology during its devel-
opment lifecycle. The TRL scale ranges from TRL 1 to
TRL 9, where each level represents a distinct stage in the
development process from basic research and conceptual
exploration to full system deployment in an operational
environment. In our SRC approach, we focus on the cat-
egorization of the maturity of the technologies analyzed
and specifically on their usability as services provided by
research infrastructure. This is determined by their opera-
tional maturity, their accessibility, and the alignment of the
services with the scientific priorities of FHERITALE. To
this end, we defined the three classes (A, B, C), namely:
A, Fully Operational Services/Technologies; B, Existing
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Fig. 2 The current map of services offered by European research infra-
structures. The methodology by which the map has been prepared is de-
scribed in the corresponding project document (Mandemaker 2025)
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Services/Technologies but Partially Aligned or Restricted;
C, Technologies Not Ready for Service (Mustatea et al.
2025). By prioritizing the availability to users and the
alignment with defined scientific priorities, the SRC sup-
ports long-term planning and investment. This approach
recognizes that technological development is not linear
and that emerging methods may require sustained support
before they can be offered as reliable services.

Beyond the provision of access to high-end instrumenta-
tion, RlIs are uniquely positioned to foster the development of
new analytical technologies, create certified reference materi-
als, validate protocols, and support interdisciplinary research
teams. Their role extends beyond service provision to shap-
ing the future of the field. By fostering collaboration across
domains, Rls can accelerate innovation and ensure that tech-
nological advances are aligned with the needs of researchers,
policymakers, and society.

Regulatory and policy dimensions

The need for harmonized definitions and standards
Regulatory progress is hindered by inconsistent termi-
nology and by heterogeneous definitions and report-
ing of data. These elements, together with the factors
outlined in Section "Standardization deficits" (such as
lack of reference materials and of standard protocols),
are crucial enablers for harmonization of risk assess-
ments across sectors and countries, as well as tackling
the fragmentation of regulatory frameworks.

The food sector faces specific challenges. Food con-
tact materials, packaging, and agricultural plastics all
contribute to potential exposure to both plastic par-
ticles and their associated chemical additives. Yet the
lack of standardized methods for detecting and quan-
tifying micro- and nanoplastics in food matrices com-
plicates regulatory oversight. The existing differences
between national/EU regulations and those of other
countries complicate trade and create competitive
imbalances. Europe has an opportunity to lead globally
by establishing robust, science-based standards that
can serve as a model for international regulation.

Regulation must also consider public awareness,
socio-economic impacts, equity in access to technolo-
gies, and potential unintended consequences of new
materials. FHERITALE’s long-term recommendations
call for integrating social sciences to address these
dimensions, recognizing that technological solutions
alone are insufficient to address the complex chal-
lenges posed by artificial micro- and nanomaterials.

From characterization to solutions: a new research
agenda

Considering the gaps identified across the envi-
ronmental, food, and health domains, the future of
micro- and nanomaterial research must evolve from
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a descriptive enterprise into one that actively devel-
ops and tests solutions. Although significant progress
has been made in characterizing particles and under-
standing their distribution, far less attention has been
devoted to developing mitigation and remediation
strategies. Also, the mechanisms by which micro-
and nanoparticles enter cells or cross organ barriers
remain to be elucidated. Without this information,
exposure pathways cannot be properly understood,
nor managed. Addressing these research aspects per-
tains to the scientific community, leveraging state-of-
the-art RI services.

In practice, reducing human exposure demands
a clearer understanding of the pathways that allow
micro- and nanoparticles to enter the body, whether
through food, water, air, or consumer products, and
the development of interventions that can effec-
tively interrupt these routes. This transition toward
solutions cannot succeed without integrating socio-
economic and behavioral research, since public
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perception, consumer habits, and economic incentives
all shape the production, use, and disposal of materi-
als. Equally important is the need to combine compu-
tational and experimental approaches, using models
to predict environmental fate, exposure levels, and
toxicological outcomes, and validating these predic-
tions through empirical studies. Such integration will
enable the creation of robust, predictive frameworks
that support both scientific inquiry and policy devel-
opment. A solutions-oriented research agenda must be
interdisciplinary by design, technologically ambitious,
and closely aligned with regulatory and societal needs,
ensuring that scientific advances translate into actions
to control and counter environmental contamination
as well as human health risks.

Addressing this imbalance requires a shift toward
strategies that reduce emissions at the source, redesign
materials to minimize fragmentation, and explore bio-
remediation or other innovative approaches capable of
removing particles from ecosystems.

Scope: Detection of MNPs, fate & degradation, environmental impact
Technologies: FTIR, LC-MS, imaging tools

Readiness (SRC): B-A
Users: Rls, regulatory agencies, EU projects

Scope: Chemical analysis spectrometry, material characterisation
Technologies: FTIR, LC-MS, ICP-MS
Readiness (SRC): A-B

Users: Industry, RIs, regulators

Scope: PBPK, in vivo/in vitro, One Health assessment

Technologies: PBPK modelling, in vivo tox, omics integrations
Readiness (SRC): B-C
Users: Academia, Rls, regulators

Scope: Organoids, ex vivo assays, 3D systems
Technologies: 3D organoids, placental perfusion, ex vivo platforms

()

Readiness: C
Users: Reasearch groups, Rls, EU consortia

Scope: Image analysis, data integration, FAIR pipelines
Technologies: Digital analysis, Al tools, interoperable platforms

Readiness (SRC): B
Users: All stakeholder groups

Scope: Eco-fuctional materials, circularity, functional properties
Technologies: Material testing, chemical profiling

Readiness (SRC): B-A

Users: Industry, academia, Rls

Fig. 3 Clusters of integrated service solutions proposed by the FHERITALE project to enhance the accessibility and interoperability of research infrastruc-

tures focused on micro- and nanomaterials
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A vision for a pan-European one health RI
ecosystem

Drawing on FHERITALE’s insights, we propose a vision
for a coordinated European ecosystem with several key pil-
lars. First, a harmonized analytical infrastructure is essen-
tial. This includes common terminology (ontology), shared
protocols, certified reference materials, and interoper-
able data systems, enabling researchers across Europe and
beyond to generate comparable and reliable data (Zoani
et al. 2026). Second, integrated service clusters can facili-
tate multi-modal workflows, cross-RI training programs,
and joint technology development (Zoani et al. 2026). By
pooling expertise and resources, RIs can create a more effi-
cient and equitable research ecosystem through clusters of
services (Fig. 3). Third, a One Health knowledge hub can
serve as a central platform for data integration, exposure
modeling, and RI coordination. This hub would enable
researchers to synthesize findings across domains and pro-
vide policymakers with evidence-based insights (Zoani et
al. 2026). Fourth, a solutions-oriented research agenda is
needed to shift the field from characterization to mitiga-
tion. This includes research on bioremediation, material
redesign, socio-economic impacts, and policy interven-
tions (Zoani et al. 2026). Finally, Europe can assume global
leadership by establishing harmonized standards, coor-
dinating RI capabilities, advancing cutting-edge analyti-
cal technologies, and supporting international regulatory
alignment (Zoani et al. 2026).

Conclusion

The FHERITALE Policy Brief and White Paper provide a
comprehensive and cross-domain assessment of the chal-
lenges and opportunities in micro- and nanomaterial
research. They reveal a field rich in scientific activity but
hampered by fragmentation, inconsistent terminology, and
uneven technological capacity. Research Infrastructures
offer a powerful mechanism to overcome these barriers,
provided they are strategically coordinated and aligned
with a One Health vision.

This perspective argues that Europe stands at a piv-
otal moment. By integrating RI capabilities, harmoniz-
ing standards, and shifting toward solutions-oriented
research, Europe can build a world-leading ecosystem
capable of addressing the complex challenges posed by
artificial micro- and nanomaterials. The path forward
requires investment, coordination, and sustained com-
mitment, but offers great potential benefits for envi-
ronmental integrity, food safety, and human health.
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