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THIS STUDY AND METHODOLOGY

MXenes are two-dimensional (2D) nanomaterials made of transition metal carbides, nitrides, or
carbonitrides, derived from MAX phases, which are layered ceramics with alternating layers of
transition metals, carbon or nitrogen, and another element like aluminum or silicon. By selectively
etching the 'A' element (typically aluminum) from MAX phases, ultra-thin, flexible MXene
nanosheets are created. These sheets have high surface area, excellent electrical conductivity,
and tunable surface chemistry, allowing modification through various functional groups.

In the SAFARI project, MXenes are being developed for industrial applications in conductive inks, glucose/lactate biosensors, and EMI shielding paints, all
aligned with the European Commission's Safe and Sustainable by Design (SSbD) Framework.

PHASE 4: Generation of new data to fillthe gaps

Toxicologicaldata %:;ﬂ;‘,‘é‘;;:‘-}:,‘g @ ccram Ecotoxicologicaldata

Short- and long- term effects through in vitromodels Toxicity in aquatic organisms
and New Approach Methodologies

PHASE 1: Problem formulation
Systematically evaluate the potentialimpact of MXenes on human health and environmental health, with a focus on
detailed hazard characterization and known effects.

PHASE 2: Gather Existing Information

Information about In vivo

Exposureroutes

The SAFARI project is developing an
Integrated Approach to Testing and
Assessment (IATA) to evaluate the risks and
hazards of both MXenes and their precursor
MAX phases. This approach combines in silico
tools, in chemico studies, and in vitro
methods, using New Approach
Methodologies (NAMs) to assess the safety
of these nanomaterials. The goal of the IATA
is to create a roadmap for evaluating the
potential environmental and health impacts
of MXenes, ensuring their safety and

Soil and sedimentorganisms
Mechanistic insights
Bioaccumulation and trophic transfer
Dose-responserelationships
Biokinetics and Assessment of MXenes degradation
and transformation

Biokinetics and metabolism

Definition of

Potential impacts

In silico and predictive modelling

Exposure Route Assessment @

Occupational exposure

In silico and predictive modelling

Physicochemical Properties Characterization

Particle size, shape and agglomeration behaviour

In vitro

Toxicological profiles Toxicity mechanisms

In silico

Ecotoxicological profiles Exposureroutes

Consumer exposure

Toxicological and Surface charge and composition

ecotoxicological risks

Physico-chemical

g In chemico
properties

Environmental release pathways

Solubility and stability in differentmedia

Regulatory status Physicochemicalfactors Predictive modelling of MXene dispersionin air, water

and soil

In literature

Chemicalcomposition and oxidation state

Heactvity and catalyfic patantial Bioavailability and uptake studies

PHASE 3: Assessing and weighting of existinginformation

PHASE 5: FinalAssessmentand Weighting

Review All Available Data Weighting of Evidence

Gaps identification

Is the information gathered sufficient to complete the risk assessment?

Identification of gapsin
exposure, toxicity, or regulatory
information

Gapsidentification and data
generation

sustainability

Sufficient

Hazard classification and risk
managementstrategies

Insufficient

Gapsidentification and data
generation

Prioritization of Risk Factors

Evaluation of the relative
significance of different toxicity
mechanismsand exposure
pathways

Integrate findings from PHASE4

Ensuring consistency and
reliability of data

Structured approachto evaluate
the strength of each dataset

Prioritize high-quality and
regulatory-compliantstudies

Hazard classification and risk

managementstrategies

ECOTOXICOLOGICAL STUDIES

Aquatic Environment Exposure is expected Terrestrial Environment Exposure is expected
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Essential for Hazard Prioritization

PBT (Persistent,
Bioaccumulative, Toxic)

Support Ethical and Efficient Testing

vPvM (very Persistent,
very Mobile)

Address Unique properties of Advanced Materials

Determination of
- hazardous
properties

Consider other related
categories and regulatory
designations

Low risk under
normal conditions

Facilitate Regulatory Decision-Making

Enable Integrated, Future-Ready Assessment
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