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Compared with micro-scale cosmetics, nanomaterial-based cosmetics present unique attributes. Nanomaterials (NMs)

have a larger contact surface, allowing for longer-lasting and more efficient effects. Their use is already widespread and

can be commonly found in sunscreens, where they assume the function of making the product optically transparent as

well as providing protection against solar radiation, or in cosmetic products, such as make-up with long-lasting color

effect. Nanotechnology has a wide range of applications and has become an interesting and relevant technology in the

biomedical, optical, mechanical, electronic, and cosmetic fields and in the food industry. In the cosmetic field, NMs have

been extensively explored as ingredients in cosmetic products. However, the changes in the physicochemical properties

of a material at nanoscale can lead to changes in their biokinetic and biological interactions and effects, compared with

their macrosized equivalents. This means that some NMs could have potential intrinsic hazards that are not observed in

their non-nano form.
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1. Identification of the Product and the NM

Category of the cosmetic product in which the nanomaterials (NMs) will be incorporated, the class of compound to which

the NM belongs, contact details of the responsible person (RP), and IUPAC name are mandatory requirements. However,

other several identifiers of the NM should be entered, namely the International Nomenclature of Cosmetic Ingredients

(INCI), the CAS number, the EINECS or ELINCS number, the International Nonproprietary Name (INN), and the XAN

number, which is the number approved by a specific country (X) .

2. Specifications

Each NM has a unique physical structure and a specific chemical composition. In addition, an NM has several

particularities, such as its behavior, smart targeting, and interactions, which are inevitably influenced by the

nanodimensions (morphology, size, and surface area) and by the nature of the chemical substances in their constitution. It

is true that a NM can be harmful to human health or the environment, mainly because of its chemical composition.

However, several other aspects of the NMs can also contribute to their harmful capacity, such as the surface composition,

which can affect their absorption, their effects, and toxicokinetics . In this sense, certain physicochemical properties can

influence the biological effects, behavior, and properties of an NM. Therefore, it is extremely important that the

physicochemical characteristics of an NM in a cosmetic product are disclosed at various stages of the manufacturing

process .

A complete characterization, as recommended by the SCCS guidance on the safety assessment of NMs in cosmetic

products, with particular emphasis on particle size and the physical and chemical properties, must be provided at this

stage of the notification. The guidance on the safety assessment of NMs in cosmetics highlights the minimum information

requirements that must be provided for the characterization of an NM intended for use in a cosmetic product . A revision

of the guidance was published in November 2019 (SCCS/1611/19), whose major change focused on exposure

assessment as a safety starting point, in addition to physical–chemical characterization .

Particle size and size distribution, including presence of agglomeration or aggregation: Mean, median, and standard

deviation in particle size, size distribution, and weighted sum function must be supplied. Presence of aggregates or

agglomerates must be indicated, along with particle number and mass distribution, which is required to be shown

graphically, coupled with distribution diagrams .

The European Food Safety Authority (EFSA) and the Organization for Economic Co-operation and Development (OECD)

have recommended using more than one method to determine the particle size. In addition, every batch-to-batch
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difference should also be specified and information on characterization techniques for size assessment should be

described. The recommended techniques are Field Flow Fractionation (FFF), disc-Centrifugal Liquid Sedimentation (disc-

CLS), Hydrodynamic Chromatography (HDC), Dynamic Light Scattering (DLS), Analytical Ultracentrifugation (AUC),

Transmission Electron Microscopy (TEM), Atomic Force Microscopy (AFM), Scanning Electron Microscopy (SEM), High

Performance Liquid Chromatography (HPLC), Differential Mobility Analyzer (DMA) and Particle Tracking

Analysis/Nanoparticle Tracking Analysis (PTA/NTA) .

Morphology: In this field, information regarding the physical/crystalline form of the material (amorphous, crystalline,

tube, or stick), propensity to aggregation, state of preparation (solution, powder, dispersion, or suspension), and NM

aspect ratio (for elongated fiber/tube type materials) must be provided. The data must be properly supported by images

obtained by some of the aforementioned techniques .

The characterization methods applied to evaluate the morphology of NMs are principally SEM, TEM, AFM, Field Emission

Scanning Electron Microscope (FESEM), Elliptically Polarized Light Scattering (EPLS), Nuclear Magnetic Resonance

(NMR), Ferromagnetic Resonance (FMR), 3D-tomography, ray diffraction, and thermal analysis .

Surface characteristics: Information considering morphology/topography, surface charge (zeta potential), reactive sites,

and coatings that may change reactivity characteristics or that are responsible for adding a new function and any

biochemical/chemical surface changes must be provided. Information on zeta potential (measured in water or buffer)

provides an indication of the strength of surface charge .

Solubility: Information regarding the solubility of NM in relevant solvents, such as water and n-octanol, and the partition

between the octanol/water partition coefficients must be filled. This information should include dissolution rates, not

only for soluble NMs but also for partially insoluble ones, as well as information on the hygroscopicity of the powders 

.

Surface area: Providing information on the specific surface area (SSA) using the Brunauer–Emmett and Teller method

(BET method) and volume-specific surface area (VSSA) is mandatory for dry powders only . The BET method

measures the particle SSA by dividing the absolute surface area by the sample mass analyzed giving the so-called

mass-specific surface area, reported in m²/g. The VSSA is calculated from the SSA using the density of the NM in

question and is expressed in m²/cm³ .

Catalytic activity: Indication concerning the chemical reactivity of the surface of the NM and information on the possible

potential of photocatalytic activity must be disclosed. It should also be indicated if the core material is doped, meaning

if the NM contains intentionally introduced materials for the purpose of modulating certain chemical, biochemical, or

catalytic reactivity .

3. Quantity

In this field, information on the estimate of the amount of NM present in the product to be placed on the market on an

annual basis must be provided. The estimate should be expressed in kg .

4. Toxicological Profile of the NM

In this field of information, the toxicological profile of the NM must be supplied . This information has to fulfill the

requirements established by SCCS in the “Guidance on the Safety Assessment of Nanomaterials in Cosmetics” , and

the outline of the toxicological studies must be reported, including data such as percutaneous absorption, toxicokinetic,

acute toxicity, irritation and corrosivity, skin sensitization, mutagenicity/genotoxicity, repeated dose toxicity, carcinogenicity,

reproductive toxicity, and photo-induced toxicity according to the correspondent species, mainly human data, if available

. This is because, prior to the release of Regulation (EC) n.° 1223/2009, toxicological data were obtained through

experimental research on animals using the same exposure routes as humans. These studies were banned since 11 July

2013, and alternative validated methods have been developed for safety determination and safety assessment, although

they are not validated for NMs. Since validated alternative methods that can be used in place of animal tests are not yet

available for NMs, the SCCS can accept results from methods that may not have been formally validated for NMs but

have been demonstrated to be scientifically valid for danger identification of NMs .
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5. Safety Data

The safety data of the NM must be provided as a safety data file by the RP (or their delegate), who must possess a risk

assessment based on hazards identified in the toxicological profile and the exposure conditions of the NM regarding the

category of the cosmetic product. The provided safety data file should be in line with all the criteria recommended by the

SCCS in the “Guidance on the Safety Assessment of Nanomaterials in Cosmetics” (SCCS/1484/12) and “Testing of

Cosmetic Ingredients and their Safety Evaluation” (SCCS/1416/12) .

The SCCS guidance accepts that derivation of toxicological point of departure for the calculation of the MoS of a new

cosmetic ingredient may not be possible, or only possible in exceptional cases, along with the estimate of internal

exposure, without the possibility of animal testing. Data obtained to comply with other non-cosmetic regulations, such as

under the REACH Regulation, should be used and submitted when available .

The REACH is Regulation (EC) 10907/2006 that governs the registration, evaluation, authorization, and restriction of

chemicals in the EU. This regulation, came into force on 1 June 2007, and aims to protect health and the environment

against the risks that chemicals can induce; it also contributes to the promotion of the development of alternative methods

of evaluating the safety of substances, while at the same time contributing to reinforcing innovation and competitiveness

in EU companies . REACH regulation provisions are based on the precautionary principle, which assigns

manufacturers, importers, and users the responsibility to ensure that the substances they manufacture, market, and use

do not adversely affect human health and the environment . Both raw chemical materials and finished products are

impacted by REACH regulation, and among them are cosmetic products, which are considered chemical preparations

under this regulation .

Moreover, additional information that is relevant for the safety assessment of the NM should be stated .

6. Exposure Conditions

Information regarding exposure conditions, as well as the amount of substance and the frequency of human exposure to

the cosmetic product must be provided . There are currently no indicators that show that the use of conventional

cosmetic products is different from the use of other products containing NM. In this sense, the SCCS considers that the

assessment of exposure conditions for conventional cosmetic ingredients also applies to cosmetics with NM. However, it

is emphasized in the guidance that special considerations of the nano-aspects will need to be considered , namely type

of cosmetic product (whether the cosmetic product is a rinse-off or a leave-on product, which impacts the exposure time

on the skin); the exposure route (oral, nasal, or topical); and the concentration of the NM in the product (% w/w). Likewise,

information considering expected exposure conditions must also be specified (see Table 1).

Table 1. Expected exposure conditions information .

(1) Range of cosmetic products indicated for the use of
NM (7) Improper applications that may increase exposure

(2) Percentage of ingredient, by weight, of the final
cosmetic product (8) Absorbed fraction or amount likely to enter the body

(3) Amount of product to be applied in each use (9) Application on dermal areas exposed to sunlight

(4) Application frequency
(10) On the basis of the intended use of the product, dermal
exposure, oral exposure, or inhalation exposure must be
estimated

(5) Skin contact area and duration of exposure (11) Specific area of exposure

(6) Different target groups, such as people with
compromised or damaged skin or children, where
relevant

(12) Any other relevant information

NM—Nanomaterial.
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