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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
[SO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a)
patent(s) which may be required to implement this document. However, implementers are cautioned that
this may not represent the latest information, which may be obtained from the patent database available at
www.iso.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
related to conformity assessment, as well as information about ISO's adherence to the World Trade
Organization (WTO) principlesin the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 229, Nanotechnologies.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Phototoxicity (PT) is defined as a toxic response to an organism exposed to a substance, where the
response is either elicited or increased (apparent at lower dose levels) after subsequent exposure to light,
or that is induced by skin irradiation after systemic administration of a substance. The increasing use of
nanomaterials in various industries also leads to increased exposure, especially to skin. Furthermore, some
nanomaterials are used in commercial sunscreens. Hence, possible impacts on human health including
detrimental chemical reactions in the presence of light (both natural and artificial) or photo-protective
effects, is of interest.

PT is based on a quantum phenomenon. The absorption of a photon with sufficient energy generates an
electron-hole pair that can migrate to the nanoparticle (NP) surface and react with water and oxygen, thus
forming extremely reactive radicals and reactive oxygen species (ROS). Generation of the ROS by some wide-
bandgap materials, such as TiO,, ZnO, W03, CeO,, carbon nanotubes, quantum dots and some metal NPs
when illuminated by UV-VIS light, can cause oxidative stress, resulting in toxic effects in living organisms.
Absorption of a photon with sufficient energy is the necessary condition for photochemical reactions to
induce phototoxic response. Material PT is closely related to photocatalytic activity (PCA). Measurement of
PCA under physiological conditions allows for an assessment of its phototoxicity potency (see ISO 20814).

A wide variety of light sources, light exposure levels, cell lines, incubation times, viability assays, used for
nanomaterial PT measurement hamper data comparison. Existing PT standard test methods for soluble
chemical substances (e.g. OECD 432) are not directly applicable to determine nanomaterial PT. It states that
DMSO or EtOH should be used as cosolvents in case the material is not soluble in water with additional tests
for cosolvent toxicity. The method is not applicable for particulate materials.

The in vitro NP PT test is intended to evaluate the nanomaterial acute phototoxicity when exposed to a near
ultraviolet (UVA) light. Cell viability is assessed at a fixed NP concentration after exposure to six doses of the
UVA light.
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Nanotechnologies — In vitro acute nanoparticle
phototoxicity assay

1 Scope

This document specifies a procedure to evaluate acute phototoxicity of nanoparticles (NPs), suspended in
cell culture media, by measuring the relative reduction in cellular viability under near ultraviolet (UVA)
exposure (315 nm to 400 nm).

The measurement is intended to assess the potential for acute phototoxicity of NPs by comparing NP
photoactivity in vitro to a positive control chlorpromazine. It is not designed to predict other joint effects
of nanomaterials and light, such as genotoxicity, photo-allergy or photo-mutagenicity. The method is also
applicable to NP aggregates and agglomerates.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

[SO 80004-1:2023, Nanotechnologies - Vocabulary — Part 1: Core vocabulary

3 Terms, definitions, symbols and abbreviated terms
For the purposes of this document, the terms and definitions given in ISO 80004-1 and the following apply.
[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1 Terms and definitions

3.1.1

phototoxicity

acute light-induced response, which occurs when photoreactive chemicals are activated by light and
transformed into toxic products to cells.

3.1.2

dispersion

microscopic multi-phase system in which discontinuities of any state (solid, liquid or gas: discontinuous
phase) are dispersed in a continuous phase of a different composition or state

[SOURCE: ISO/TR 13097:2013, 2.5, modified — Note to entry deleted and "in general" deleted from the
definition.]

3.1.3
endotoxin
part of the outer membrane of the cell envelope of Gram-negative bacteria
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3.1.4

positive control

material or chemical which, when tested in accordance with this document, provides a reproducible
phototoxic response

3.1.5

negative control

material or chemical which, when tested in accordance with this document, does not exhibit phototoxic
response

[SOURCE: ISO 10993-5:2009, 3.4, modified — "or chemical" added, "this part of [SO 10993 " changed to " this

document", "cytotoxic" changed to "phototoxic" and Note to entry deleted.]

3.1.6
test sample
material that is subjected to biological or chemical testing or evaluation

[SOURCE: I1SO 10993-12:2021, 3.14, modified — "medical device, component or material (or a representative
sample thereof, manufactured and processed by equivalent methods), or an extract or portion thereof”
replaced by "material".]

3.1.7

ultraviolet A

UVA

type of electromagnetic radiation with wavelengths between 320 and 400 nanometers

3.2 Abbreviated terms

BSA Bovine Serum Albumin

CPZ Chlorpromazine

DIW deionized water with = 18 MQ-cm resistivity

FBS Fetal Bovine Serum

MTS 3-(4,5-dimethylthiazol-2-y1)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium
NADH nicotine adenine dinucleotide hydrate

NIH/3T3 embryonic mouse fibroblast cell line

NP nanoparticle

oD optical density

PT phototoxicity

ROS reactive oxygen species
UVA ultraviolet A

UV-Vis ultraviolet and visible

4 Test method

This document describes a set of procedures for the phototoxicity measurement method of NPs present in
an aqueous suspension. NPs that are phototoxic cause the photocatalytic action after successive irradiation
with artificial UV light, resulting in a decrease in cell survival level. The cell survival level is affected by
the concentration of NPs and the dose of the received UVA light. Cell survival level is measured at a fixed
NP concentration and six UVA light doses. The resulting cell survival levels are then plotted vs the UVA
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