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MACRAME characterising and evaluating released materials
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Collection points along the life cycle of 
the MACRAMÉ use cases (UC) and the 
corresponding methodologies applied 
to perform physico-chemical 
characterisation, human and 
ecotoxicity of AdMa embedded in their 
corresponding matrix. 

Numbers after OECD refer to 
corresponding OECD TG.



Evolution of study complexity – product-released materials
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https://doi.org/10.101
6/j.envint.2015.01.013

https://doi.org/10.1016/j.envint.2015.01.013


Does transformation increase or decrease similarity?
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https://doi.org/10.1016/j.envint.2015.01.013

In most cases, transformation 
is expected to increase 
similarity, which suggests that 
initially different materials 
could be “grouped” based on 
their transformations, and that 
“read-across between similarly 
transformed materials” would 
be informative.

https://doi.org/10.1016/j.envint.2015.01.013


REACH regulation asks for sets of nanoforms
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Could similarly 
transformed 
Materials constitute 
a set of nanoforms 
whose behaviours  
/ toxicities will be 
the same?



REACH’s current basis for grouping & Read-across of NMs
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ECETOC NanoApp

https://doi.org/10.1080/17435390.20
21.1946186

Grouping based on intrinsic / 
as –produced properties

https://doi.org/10.1080/17435390.2021.1946186


GRACIOUS approach – currently based on pristine also
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https://doi.org/10.1016/j.nantod.2020.10094 1

Add a hypothesis based on Transformations

https://doi.org/10.1016/j.nantod.2020.100941


The “Pristine Paradox"
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The very properties we use for initial grouping are often not the ones that dictate 
long-term environmental impact. 

Grouping by pristine properties can lead to both false positives (over-regulation of 
a material that becomes inert due to transformation e.g., sulfidation of silver 
nanoparticles) and false negatives (under-regulation of a material that becomes 
hazardous – e.g., dissolution-re-precipitation leading to “spiky” particles).

This hinders application of the safe-by-design approach, as designers aren't 
incentivized to consider environmental fate.



Sulfidation of AgNP surface reduces their ecotoxicity
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Environ. Sci. Technol., 2012, 46 6992. https://doi.org/10.1021/es203732x

Ag0 NPs have been shown to undergo oxidative dissolution 
on relatively short time scales (days to weeks).

Oxysulfidation (a mechanism by which silver is oxidized and 
sulfidized at the metal without dissolution and release of Ag+

ions), at high sulfide to AgNP molar ratios,  may result in the 
formation of a passivating layer of Ag2S around the Ag0

core of AgNPs, thus slowing or preventing further Ag+ release

https://doi.org/10.1021/es203732x
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Dissolution-re-precipitation can increase “spikiness”

The rapid transformations of the Ce1-xZrxO2 ENPs to >200 nm sea-

urchin Ce1-xZrxPO4 particles will have dramatic consequences for 
their bioavailability and uptake by organisms, likely reducing their 
toxicity, but the needle-like structures may lead to physical damage 
such as membrane puncture, or may induce inflammatory processes 
such as frustrated phagocytosis if the particles are too large to be 
engulfed by macrophages for example

https://doi.org/10.1016/j.envpol.2019.06.014

https://doi.org/10.1016/j.envpol.2019.06.014
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https://doi.org/10.1
038/s41565-021-
00924-1

Materials transform in every compartment & organism

https://doi.org/10.1038/s41565-021-00924-1


Many studies show toxicity decreases as particles age
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https://doi.org/10.1039/D0EN00625D

https://doi.org/10.1039/D0EN00625D


Work underway on defining a transformation Hierarchy
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• Transformations are 
context- and history-
dependent. 

• A single pristine material 
may belong to different 
groups in freshwater vs. 
marine vs. terrestrial 
systems versus its fate in 
humans, which will also 
depend on exposure route.



Tools for linking materials history (provenance) and effects 
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WorldFAIR D4.3 

(Nanomaterials 

provenance policies).

https://doi.org/10.5281/zenodo.11127188


Recommendations & next steps
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• To ensure the sustainable and safe use of advanced materials, our grouping 
principles must evolve to reflect environmental reality.

• Need for standardized aging protocols (e.g., simulated sunlight, biological fluids, 
environmental waters) to pre-condition materials for testing.

• A tiered testing strategy is recommended where initial pristine grouping is 
followed by transformation-based grouping for higher-tier risk assessment.

• Collaborative efforts between material scientists, chemists, ecotoxicologists, and 
regulators to develop and validate this new framework. 

•bottle, but by what they become in the world, we can build a more predictive and effective foundation for nanomaterial govern



Take-away message
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By grouping materials not by what they are in the 
bottle, but by what they become in the world, we 
can build a more predictive and effective 
foundation for nanomaterial and advanced 
materials governance and innovation



The MACRAMÉ Project has received funding from:

Thank you
www.macrame-project.eu

The European Union’s Horizon Europe Research and 
Innovation programme under grant agreement No. 
101092686.

Iseult Lynch 
University of Birmingham
i.lynch@bham.ac.uk

http://www.macrame-project.eu/

