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Table 2S. Overview of the information gathered about the availability of methods, protocols and guidelines for the additional information
requirements and criteria for additional information and category of the highest-ranked category of identified methods needed to acquire/fulfill
information requirements set by the European chemicals legislation REACH for nanomaterials (NMs). TGS: Internationally accepted test guideline
or standard; TGSUD: Internationally accepted test guideline or standard under development; SCI: Established as standard method in scientific
literature; O: Other method and/or more research needed; N: No method identified. Other abbreviations: TR: technical report; GD: guidance
document; Organization for Economic Co-operation and Development (OECD); ECHA: the European Chemicals Agency.

Flrlterla f‘or addltl.onal Addl.tmnal information Methods, protocols and guidance Method category
information requirement requirement
(7.7)The substance appears e OECD WNT Project 1.5 and 3.10'; OECD GD 318.2 TGSUD
“insoluble” in water
(7.7) Limit test up to the e OECD TG 3183 addresses dispersion stability of TGS
detection limit of the nanomaterials in simulated environmental media
analytical method shall be using multi-parameter matrix and analysis by DLS
performed. For nanoforms and ICP-MS/OES.
the potential confounding
effect of dispersion shall be
assessed when conducting
the study.
(9.1.1) The substance is poorly ¢ OECD WNT Project 1.5 and 3.10'; OECD GD 318.2 TGSUD

water soluble, or for
nanoforms if they have low
dissolution rate in the relevant
test media.



(7.14ter) There is an indication

that specific additional particle

properties significantly
influence the hazard of or the
exposure to those nanoforms

(9.1.3) The chemical safety
assessment according to
Annex I indicates the need to
investigate further effects on
aquatic organisms.

(9.1.1) The long-term aquatic
toxicity study on Daphnia
(Annex IX, section 9.1.5.)
shall be considered

(7.14ter) Further testing for
nanoforms covered by the
registration shall be
considered by the registrant
or may be required by the
Agency in accordance with
Article 41

(9.1.3) Long-term aquatic
toxicity testing as described
in Annex IX shall be
considered.

The choice of the appropriate
test(s) will depend on the
results of the chemical safety
assessment.

¢ Essential to determine the kinetics of changes in
surface reactivity/composition, article
stability/mobility in solution etc

¢ Surface speciation and chemical speciation
predication in solution is essential to assess.*



(9.1.3) The substance is poorly
water soluble, or for
nanoforms if they have low
dissolution rate in the relevant
test media.

(8.8.1) For nanoforms without
high dissolution rate in
biological media

(9.2) Nanoforms that are not
soluble, nor have high
dissolution rate

(9.1.3) The long-term aquatic
toxicity study on fish (Annex
IX, Section 9.1.6) shall be
considered

(8.8.1) A toxicokinetics study
shall be proposed by the
registrant or may be required
by the Agency in accordance
with Article 40

(9.2) Morphological
transformation (e.g.
irreversible changes in
particle size, shape and
surface properties, loss of
coating)

OECD WNT Project 1.5 and 3.10%; OECD GD 318 TGSUD

Dissolution rate in physiological fluids to be further
developed and predictivity for biodurability in vivo
and in vitro to be examined.’

e OECD WNT Project 1.5 and 3.10%; OECD GD 3182 TGSUD
Dissolution rate in physiological fluids to be further
developed and predictivity for biodurability in vivo

and in vitro to be examined.?

¢ Oxidation: Morphological transformation - SCI
oxidation: Band gap measured by UV-vis-NIR
absorption measurements of the dry powder of the
material; probe force microscopy; soft X-ray
methods.

¢ Electrochemical characterization methods are

available.o”



(9.2) Chemical
transformation (e.g.
oxidation, reduction)

(9.2) Other abiotic
degradation (e.g. photolysis)

¢ Combining TEM with energy-dispersive X-ray SCI

spectroscopy (EDX) makes it possible to confirm the
elemental composition of the nanoparticles.®%?
Attenuated Total Reflection Fourier transform
infrared Spectroscopy (ATR-FTIR) can monitor
adsorbed molecules (e.g. loss of coating) and oxide
changes.®1

For metals, surface oxide characteristics can be
assessed with electrochemical methods. It was used
in Hedberg et al.,® with a technique based on a
graphite paste electrode to perform cyclic
voltammetry in buffer solutions and open circuit
potential measurements in DMEM+. The
electrochemical surface oxide characterization
complemented and verified by Raman spectroscopy,
X-ray diffraction, and X-ray photoelectron
spectroscopy.

Zeta potential: : Lowry et al.l! presents guidance on
overcoming main challenges associated with zeta-
potential measurements and on the parameters that
should be provided together with the measurements
to enhance interpretability. Guidance on how to
accurately conduct and report zeta potential
measurements for metal nanomaterials, specifically
in Skoglund et al.!?

Atomic force microscopy (AFM) — changes in
particle morphology and size.# 13

X-ray Absorption Spectroscopy (including
EXAFS/XANES/NEXAFS).14



(9.4) For substances that have a
high potential to adsorb to soil

(9.4) For substances that are
very persistent

(9.4) The registrant shall
consider long- term toxicity
testing instead of short-term.

e Spectroscopic tools like FTIR' and EXAFS."*(XAS-  TGSUD

including both XANES/NEXAFS/EXAES).
Equilibrium partitioning does not apply since
thermodynamic equilibrium does not occur for
nanomaterials.516

OECD TG 312 Leaching in Soil Columns'®is
applicable for nanomaterials.!”1%2° Draft OECD
guidance document on testing nanomaterial
behaviour in soils using OECD test guideline 312
under development.?! OECD Test Guideline 303A on
Particle attachment and removal from wastewater
can be used as alternative approach to predict
sorption of nanomaterials.

Method for determination of retention of silver and
cerium oxide nanomaterials in soils.??

Draft OECD Test Guideline on Agglomeration
Behaviour of Nanomaterials in Different aquatic
Media,? for measurement of
(Hetero)Agglomeration, aggregation, particle
attachment and removal.

A wide range of transformations occur (@)
(agglomeration, aggregation, dissolution, etc.) and a
clear definition of persistence is needed (i.e.
pristine/parent materials).

Persistence: general issue with persistence and not
only in soil. Persistence is arbitrary due to constant
transformations of NMs in environment.

For nano consider morphological, chemical other
and changes on shape size, etc. OECD WNT 3.16
project: Guidance document environmental abiotic
transformation of nanomaterials! under



9.4) The registrant shall
consider long- term toxicity
testing instead of short-term.

development. This guidance aims to cover abiotic
core transformation and coating degradation. Both
documents likely to be available in 2023 or 2024. It
may be possible to conduct a qualitative assessment
in the meantime.?!




References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Work plan for the Test Guidelines Programme (TGP). June 2019. Available online:
https://www.oecd.org/env/ehs/testing/ENV_ M WRPR 2019 TGP-work-plan.pdf (accessed 22 October 2019)
Guidance Document for the Testing of Dissolution and Dispersion Stability of Nanomaterials, and the Use of the

Data for Further Environmental Testing and Assessment. Series on Testing and Assessment No. 318. 20 July 2020.
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2020)9&doclanguage=e
n

Test No. 318: Dispersion Stability of Nanomaterials in Simulated Environmental Media. 9 Oct. 2018. OECD. ISBN:
9789264284142.  https://www.oecd-ilibrary.org/environment/test-no-318-dispersion-stability-of-nanomaterials-
in-simulated-environmental-media_9789264284142-en;jsessionid=STInH38z3aTh9KngiEc8QFaX.ip-10-240-5-173

Hedberg J, Blomberg E, Wallinder IO. In the Search for Nanospecific Effects of Dissolution of Metallic
Nanoparticles at Freshwater-Like Conditions: A Critical Review. Environ. Sci. Technol., 2019; 53, 4030-4044.
https://doi.org/10.1021/acs.est.8b05012

Steinhduser KG, Sayre PG. Reliability of methods and data for regulatory assessment of nanomaterial risks.
Nanolmpact [Internet]. 2017;7(June):66-74. Available from: https://doi.org/10.1016/j.impact.2017.06.001

Hedberg YS, Pradhan S, Cappellini F, Karlsson ME, Blomberg E, Karlsson HL, et al. Electrochemical surface oxide
characteristics of metal nanoparticles (Mn, Cu and Al) and the relation to toxicity. Electrochim Acta [Internet].
2016;212:360-71. Available from: http://dx.doi.org/10.1016/j.electacta.2016.07.017

Zhou, Y.-G., Rees, N. V. & Compton, R. G. The electrochemical detection and characterization of silver
nanoparticles in aqueous solution. Angewandte Chemie (International ed. in English) 2011, 50, 4219-4221.
DOI: 10.1002/anie.201100885

Kettiger H, Schipanski A, Wick P. Engineered nanomaterial uptake and tissue distribution: from cell to organism.
International Journal of Nanomedicine. 2013;3255-69. https://doi.org/10.2147/IIN.S49770

Dekkers S, Oomen AG, Bleeker EAJ, Vandebriel R], Micheletti C, Cabellos ], et al. Towards a nanospecific
approach for risk assessment. Regul Toxicol Pharmacol. 2016;80:46-59. https://doi.org/10.1016/j.yrtph.2016.05.037
Mudunkotuwa IA, Minshid A Al, Grassian VH. ATR-FTIR spectroscopy as a tool to probe surface adsorption on

nanoparticles at the liquid-solid interface in environmentally and biologically relevant media. Analyst.
2014;139(5):870-81. https://doi.org/10.1039/c3an01684f

Lowry G V., Hill R], Harper S, Rawle AF, Hendren CO, Klaessig F, et al. Guidance to improve the scientific value
of zeta-potential measurements in nanoEHS. Environ Sci Nano. 2016;3(5):953-65.
https://doi.org/10.1039/c6en00136j

Skoglund S, Hedberg J, Yunda E, Godymchuk A, Blomberg E, Odnevall Wallinder I. Difficulties and flaws in
performing accurate determinations of zeta potentials of metal nanoparticles in complex solutions - Four case
studies. PLoS One. 2017;12(7):1-19. https://doi.org/10.1371/journal.pone.0181735

Kent RD, Vikesland PJ. Dissolution and Persistence of Copper-Based Nanomaterials in Undersaturated Solutions
with  Respect to Cupric Solid Phases. Environ. Sci. Technol. 2016, 50, 6772-6781.
https://doi.org/10.1021/acs.est.5b04719

Lopez-Moreno, ML, de la Rosa, G., Hernandez-Viezcas, JA., Peralta-Videa, JR., & Gardea-Torresdey, JL. X-ray
Absorption Spectroscopy (XAS) Corroboration of the Uptake and Storage of CeO 2 Nanoparticles and Assessment
of Their Differential Toxicity in Four Edible Plant Species. ]. Agric. Food Chem. 2010, 58, 3689-3693.
https://doi.org/10.1021/jf904472e

Mitsunobu, S., Takahashi, Y., Utsunomiya, S., Marcus MA., Terada, Y., Iwamura, T. & Sakata, M. Identifcation and
characterization of nanosized tripuhyite in soil near Sb mine tailings. American Mineralogist, 2011, 96, 1171-1181.
https://doi.org/10.2138/am.2011.3651

Praetorius A, Tufenkji N, Goss KU, Scheringer M, Von Der Kammer F, Elimelech M. The road to nowhere:
Equilibrium  partition  coefficients for  nanoparticles.  Environ Sci Nano.  2014;1(4):317-23.
https://doi.org/10.1039/c4en00043a


https://www.oecd.org/env/ehs/testing/ENV_JM_WRPR_2019__TGP-work-plan.pdf
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2020)9&doclanguage=en
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2020)9&doclanguage=en
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2020)9&doclanguage=en
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2020)9&doclanguage=en
https://www.oecd-ilibrary.org/environment/test-no-318-dispersion-stability-of-nanomaterials-in-simulated-environmental-media_9789264284142-en;jsessionid=STJnH38z3aTh9KngiEc8QFaX.ip-10-240-5-173
https://www.oecd-ilibrary.org/environment/test-no-318-dispersion-stability-of-nanomaterials-in-simulated-environmental-media_9789264284142-en;jsessionid=STJnH38z3aTh9KngiEc8QFaX.ip-10-240-5-173
https://doi.org/10.2147/IJN.S49770
https://doi.org/10.1016/j.yrtph.2016.05.037
https://doi.org/10.1039/c6en00136j
https://doi.org/10.1371/journal.pone.0181735
https://doi.org/10.1021/acs.est.5b04719
https://doi.org/10.1021/jf904472e

18.

19.

20.

21.

22.

23.

24.

Guidance on Information Requirements and Chemical Safety Assessment. Available online:
https://echa.europa.eu/guidance-documents/guidance-on-information-requirements-and-chemical-safety-
assessment (accessed 21 October 2020).

Test No. 312: Leaching in Soil Columns. 24 November 2004. ISBN: 9789264070561 (PDF). https://www.oecd-
ilibrary.org/environment/test-no-312-leaching-in-soil-columns_9789264070561-en

Kiihnel D, Nickel C. The OECD expert meeting on ecotoxicology and environmental fate — Towards the
development of improved OECD guidelines for the testing of nanomaterials. Sci Total Environ [Internet].
2014;472:347-53. Available from: http://dx.doi.org/10.1016/j.scitotenv.2013.11.055

Nickel C, Gabsch S, Hellack B, Nogowski A, Babick F, Stintz M, et al. Mobility of coated and uncoated TiO 2
nanomaterials in soil columns e Applicability of the tests methods of OECD TG 312 and 106 for nanomaterials.
Journal Environ Manage [Internet]. 2015;157:230-7. Available from:
http://dx.doi.org/10.1016/j.jenvman.2015.04.029

Overview of REACH information requirements and available methods. Available online:
https://euon.echa.europa.eu/reach-test-methods-for-nanomaterials (accessed 9 October 2020).

Cornelis G, Kirby EJK, Beak BD, C DDC, A MJM. A method for determination of retention of silver and cerium
oxide manufactured nanoparticles in soils. 2010, 7, 298-308. d0i:10.1071/EN10013

Draft OECD Test Guideline on Agglomeration Behaviour of Nanomaterials in Different aquatic Media. Available
online:
https://www.oecd.org/env/ehs/testing/draft%20TG%200n%20agglomeration%20behaviour%200f%20NM-15-11-
2016.pdf (accessed 22 October 2020).


https://euon.echa.europa.eu/reach-test-methods-for-nanomaterials
https://www.oecd.org/env/ehs/testing/draft%20TG%20on%20agglomeration%20behaviour%20of%20NM-15-11-2016.pdf
https://www.oecd.org/env/ehs/testing/draft%20TG%20on%20agglomeration%20behaviour%20of%20NM-15-11-2016.pdf

