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Abstract 15 

Following a mandate from the European Commission, the European Food Safety Authority has 16 
developed a Guidance on Technical Requirements (Guidance on Particle-TR), setting out 17 
information requirements for applications in the regulated food and feed product areas, and 18 
establishing criteria for assessing the presence of a fraction of small particles. These 19 
requirements apply to particles requiring specific assessment at the nanoscale in conventional 20 
materials that do not meet the definition of engineered nanomaterial as set out in the Novel 21 
Food Regulation (EU) 2015/2283. The guidance outlines appraisal criteria grouped in three 22 
sections, to confirm whether or not the conventional risk assessment  should be 23 
complemented with nanospecific considerations.. The first group addresses solubility and 24 
dissolution rate as key physicochemical properties to assess whether consumers will be 25 
exposed to particles. The second group establishes the information requirements for assessing 26 
whether the conventional material contains a fraction or consists of small particles, and its 27 
characterisation. The third group describes the information to be presented for existing safety 28 
studies to demonstrate that the fraction of small particles, including particles at the nanoscale, 29 
has been properly evaluated. In addition, in order to guide the appraisal of existing safety 30 
studies, recommendations for fulfilling the data gaps while minimising the need for conducting 31 



 

 

 
 

new animal studies are provided. This Guidance on Particle-TR complements the Guidance on 32 
Nanoscience and Nanotechnology adopted by the EFSA Scientific Committee in 2018. 33 
Applicants are advised to consult both guidance documents before conducting new studies. 34 
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Summary 110 

In the context of regulated food and feed products, when an application concerns a material 111 

that meets the definition of engineered nanomaterial set out in Regulation (EU) 2015/2283, 112 

the application must follow the EFSA Scientific Committee Guidance on risk assessment of the 113 

application of nanoscience and nanotechnologies in the food and feed chain: Part 1, human 114 

and animal health, published in 2018, which is also used by EFSA when conducting its 115 

assessment. The 2018 Guidance also indicates that nano-specific considerations for risk 116 

assessment maybe required for conventional materials that contain a fraction of small 117 

particles, but does not meet the definition of engineered nanomaterial. Such particles may be 118 

formed naturally or as by-products in the production process, or during handling and 119 

processing of foods.  120 

Following a mandate from the European Commission, the European Food Safety Authority 121 

(EFSA) has developed this Guidance on Technical Requirements (Guidance on Particle-TR), 122 

setting out the information requirements for applications in the regulated food and feed 123 

product areas, and establishing criteria for assessing the presence of a fraction of small 124 

particles, including particles requiring specific assessment at the nanoscale, in conventional 125 

materials which do not meet the definition of engineered nanomaterial set out in the Novel 126 

Food Regulation (EU) 2015/2283.  127 

This document complements the EFSA Scientific Committee Guidance on Nanoscience and 128 

Nanotechnology mentioned above and should be considered by the applicant when preparing 129 

the application and dossier, and then by the EFSA Panels and Units when considering the 130 

information submitted. Applicants are advised to consult both guidance documents before 131 

conducting new studies. 132 

The present Guidance on Particle-TR provides mandatory information requirements for novel 133 

food applications submitted in accordance to Regulation (EU) 2015/2283, and for those 134 

regulated food products to which the engineered nanomaterial definition is also directly or 135 

indirectly applicable: food flavourings, food additives, feed additives, vitamins and minerals 136 

used in food in accordance with Regulation (EC) No 1925/2006 and/or in food supplements in 137 

accordance with Directive 2002/46/EC as well as vitamins, minerals or other substances used 138 

in food for specific groups in accordance with Regulation (EU) No 609/2013.  Certain aspects 139 

of this Guidance may also be of value in assessing particles at the nanoscale in other domains, 140 



 

 

 
 

including in applications in areas not covered by the engineered nanomaterial definition in 141 

food and feed (e.g. food contact materials and pesticide active substances), as well as 142 

assessments that do not involve an application. In those cases, the applicable specific 143 

guidance (e.g. the note for guidance on food contact materials) which may refer to specific 144 

aspects set out in the present Guidance, should be followed. 145 

The document guides the applicant on different ways for confirming when a conventional risk 146 

assessment is sufficient. The applicants may select, according to their knowledge and available 147 

information, the best appraisal route or combination of appraisal routes to justify: a) the 148 

absence of a fraction of small particles, or b) that the material contains a fraction of small 149 

particles but it is covered by the conventional risk assessment and does not require a separate 150 

assessment regarding nanoscale properties. The guidance also provides information related 151 

to best practices for reporting and assessing existing safety studies, and recommendations for 152 

generating additional information. 153 

This Guidance on Particle-TR is applicable to all chemical materials, marketed or to be 154 

marketed as substances or mixtures, to be assessed by EFSA, including mixtures and products 155 

marketed as liquid formulations unless the information confirms that they are true liquids and 156 

do not contain small particles in suspension. The characterisation of the fraction of small 157 

particles, including the particle size distribution, is needed in all cases unless the applicant 158 

demonstrates that the material will be fully dissolved under the intended use conditions and 159 

consumers will not be exposed to particles. For multi-constituent substances and mixtures, 160 

the information to be submitted should cover each single constituent or each component in 161 

the mixture, as well as the multi-component material. In the case of a) botanicals and other 162 

complex materials of biological origin with unknown or variable composition, b) 163 

macromolecules of biological origin (e.g. enzymes and other proteins), or c) other similar 164 

cases, the applicant should provide a rationale demonstrating that an assessment of the 165 

fraction of small particles including nanoparticles is not needed, or that is already covered in 166 

the safety assessment process, e.g. through hazard identification and characterisation 167 

methods that take into account the properties of the material.  168 

The general principles and the summary of appraisal routes that applicants may follow to 169 

confirm that a fraction of small particles is either not present or covered by the conventional 170 

risk assessment are presented in Section 2. Solubility and dissolution rate can be used to 171 

demonstrate that under the anticipated use conditions the material will be fully dissolved in 172 

the food matrix or, following ingestion, during the gastrointestinal tract processes, and that 173 

consumers will not be exposed to particles. Under these circumstances the conventional safety 174 

assessment is appropriate and no further characterisation of the fraction of small particles is 175 

required. 176 

Section 3 describes the information requirements and methods that should be used when  177 

characterisation of the particle size distribution is needed. Screening methods are sufficient 178 

when the applicant is able to demonstrate that the particle size is larger than 500 nm and that 179 

the material contains less than 10% of particles (number-based) smaller than 500 nm; the 180 

level of detection of the method(s) used for this assessment should provide convincing 181 



 

 

 
 

evidence that  particles smaller than 500 nm are adequately counted. As a proper sample 182 

dispersion is essential for the characterisation of the size distribution, a dispersion protocol to 183 

be followed by the applicants is included in Section 3.2. 184 

Quantitative methods for characterising the particle size distribution are required for materials 185 

containing a fraction of small particles (particles ≤500 nm). Electron microscopy is the 186 

preferred method and Appendix I provides information on how this characterisation should be 187 

reported in the application. A pragmatic trigger for materials consisting of or containing a 188 

fraction of small particles is applied when the large majority of the material is not at the 189 

nanoscale, but a tiny tail within the particle size distribution at the nanoscale may be present 190 

due to the manufacturing process. The trigger is that less than 10% (number-based) of the 191 

particles below 500 nm are smaller than 250 nm and implies that the total mass of particles 192 

at the nanoscale is very low; in these cases, a conventional risk assessment is sufficient and 193 

no further assessment for properties at the nanoscale is needed. In addition to the numerical 194 

criteria, a description of the fraction of small particles (i.e. particles smaller than 500 nm) 195 

should confirm that the particles at the nanoscale are just part of the size distribution tail 196 

resulting from a manufacturing process of the powder, and that all particles have similar 197 

characteristics except for size.   198 

Section 4 presents the information to be provided on existing safety studies on conventional 199 

materials, not originally designed to specifically consider the presence of a fraction of small 200 

particles. There are two essential conditions to address that the possible adverse effects linked 201 

to the fraction of small particles, including nanoparticles, are covered by the study: a) the 202 

available information should demonstrate that the test material included the fraction of small 203 

particles, and b) the suitability of the study selection, study design and the level of dispersion 204 

of the test material for assessing the hazard of small particles including nanoparticles. 205 

Regarding the first condition, the applicant should provide at least the characterisation of the 206 

fraction of small particles of the marketed material and the variability between production 207 

processes and batches. Ideally, a comparison of the characterisation of the fraction of particles 208 

in the material as marketed and in the material used for the safety study should be provided. 209 

In other cases, the comparison should focus on the manufacturing process in order to 210 

demonstrate that the test material was produced by the same manufacturing process and 211 

current production conditions, and that the test material was in compliance with the current 212 

material specifications. If the manufacturing process has been modified, information 213 

addressing the changes regarding the fraction of small particles, should be provided. In case 214 

of broad-range technical specifications of the bulk material that is placed on the market, the 215 

full range of small particles or at least the conditions representing the worst case, have to be 216 

covered by the test materials used in the existing studies. 217 

The criteria for checking the adequacy of the study selection, study design, and level of 218 

dispersion are presented in Section 4.2. Information on the design and execution of any 219 

existing toxicity study is required to ensure that the study had addressed specific aspects 220 

related to particles in the nanoscale; including information on preparation of the test material 221 

to understand whether or not it would have minimised aggregation/agglomeration of the 222 



 

 

 
 

particles, the matrix/vehicle used, and the mode of administration. Specific recommendations 223 

are provided for the appraisal of in vivo and in vitro studies, and Appendix II describes best 224 

practices for reporting the information. Additional considerations are required for genotoxicity 225 

and toxicokinetic studies.  226 

A decision process for assessing data gaps, determining if new additional studies are needed, 227 

and establishing the testing strategy are presented in Section 4.3; recommendations for 228 

conducting new studies are provided in Section 5. Applicants should consult these sections 229 

before conducting new studies, and follow the recommendations in order to avoid unnecessary 230 

duplication of animal studies.  231 



 

 

 
 

1. Introduction 232 

1.1 Background and Terms of Reference as provided by the European 233 

Commission. 234 

The engineered nanomaterial definition set out in Regulation (EU) 2015/22831 (the Novel Food 235 

Regulation) is also directly or indirectly applicable to other EU legislation concerning regulated 236 

food products (food flavourings, food additives, feed additives, vitamins and minerals used in 237 

food in accordance with Regulation (EC) No 1925/20062 and/or in food supplements in 238 

accordance with Directive 2002/46/EC3 as well as vitamins, minerals or other substances used 239 

in food for specific groups in accordance with Regulation (EU) No 609/20134), and in food 240 

information to consumers, and implies significant requirements in terms of the premarket 241 

safety assessment and the post market labelling requirements for foods containing engineered 242 

nanomaterials. 243 

In the context of regulated food and feed products that are subject to the engineered 244 

nanomaterial definition set out in Regulation (EU) 2015/22835, we are currently facing two 245 

situations on nanomaterials that link their regulatory status with their safety assessment: 246 

(1) When an application concerns a material that meets the definition of engineered 247 

nanomaterial set out in the Novel Food Regulation (EU) 2015/2283, the application 248 

must contain all the information needed, e. g. description of physical and chemical 249 

properties, technical, biological and toxicological data on the material as required by 250 

the specific legislation, in order to allow for its safety assessment by EFSA, leading to 251 

its eventual authorisation. In terms of the safety assessment, EFSA is conducting its 252 

assessment in line with its recently updated guidance on risk assessment of the 253 

application of nanoscience and nanotechnologies in the food and feed chain. 254 

(2) A potentially more complex situation arises when an application concerns a 255 

conventional material which does not meet the definition of engineered nanomaterial 256 

but may contain small particles including particles at the nanoscale (< 100 nm in one 257 

or more dimensions). Particles at the nanoscale can be formed naturally or as by-258 

products in the production process or during handling and processing of the foods. 259 

To proactively ensure that materials that fall in case (2) above, are properly assessed for 260 

safety by the applicants themselves when they conduct the safety tests required by the 261 

applicable legislation and by EFSA when the application is evaluated, technical guidance for 262 

applicants is necessary. It is therefore appropriate to request that EFSA develops technical 263 

guidance setting out the technical information that will need to be part of a new regulated 264 

food or feed application, to demonstrate whether a conventional material, which is not covered 265 

by the definition of engineered nanomaterial set out in the Novel Food Regulation (EU) 266 

 
1 OJ L 327, 11.12.2015, p. 1. 
2 OJ L 404, 30.12.2006, p. 26 
3 OJ L 183, 12.7.2002, p. 51 
4 OJ L 181, 29.6.2013, p. 35 
5 OJ L 327, 11.12.2015, p. 1. 



 

 

 
 

2015/2283, consists of or contains a fraction of small particles, including particles at the 267 

nanoscale. 268 

TERMS OF REFERENCE 269 

In accordance with Art 29 (1) of Regulation (EC) No 178/20026 , the European Commission 270 

asks the European Food Safety Authority to develop technical guidance setting out the 271 

information requirements for applications in the regulated food and feed product areas of 272 

conventional materials which do not meet the definition of engineered nanomaterial set out 273 

in the Novel Food Regulation (EU) 2015/22837, in order to demonstrate whether a portion or 274 

the whole of the material is in the nanoscale. 275 

Furthermore, for those materials which have been determined to contain a fraction of small 276 

particles, including particles at the nanoscale, the European Commission asks the European 277 

Food Safety Authority to include in the guidance the information requirements demonstrating 278 

that the nanoscale fraction of the material was properly evaluated in the safety studies of the 279 

material. 280 

The guidance should in particular address the following parameters and include any other 281 

technical or scientific elements considered appropriate to be included: 282 

a. The physicochemical criteria that will help identify/signal materials that are likely 283 

to consist of small particles, including nanoparticles, or contain a fraction of small 284 

particles, including nanoparticles, in a given regulated food or feed product. 285 

b. The technical and scientific information (e.g. particle size distribution including 286 

necessary meta-information) that the applicant will need to include in the 287 

application if a material meets the above criteria that will document the presence 288 

or absence of small particles, or a fraction of small particles, including 289 

nanoparticles, in the material and/or in the final regulated food and feed products. 290 

c. When applicable, the evidence requirements, in line with the EFSA guidance on 291 

risk assessment of the application of nanosciences and nanotechnologies in the 292 

food and feed chain that will demonstrate that the safety studies conducted 293 

included the fraction of small particles, including nanoparticles, so that EFSA can 294 

carry out the proper safety assessment of the material. 295 

 296 

1.2 Interpretation of the Terms of Reference  297 

In line with the Terms of Reference, EFSA has produced this EFSA Guidance on Technical 298 

Requirements addressing the presence small particles (hereafter “Guidance on Particle-TR”) 299 

describing the information to be submitted by applicants in the food and feed areas to allow 300 

the safety assessment of the materials with a fraction of small particles, including particles at 301 

the nanoscale. 302 

 
6 OJ L 31, 1.2.2002, p.1. 
7 OJ L 327, 11.12.2015, p. 1. 



 

 

 
 

1.3 Implementation of this Guidance on Technical Requirements in EFSA 303 

regulatory assessments  304 

This Guidance on Particle-TR provides mandatory information requirements for novel food 305 

applications submitted in accordance to Regulation (EU) 2015/2283 (the Novel Food 306 

Regulation), and for those regulated food products where the engineered nanomaterial 307 

definition is also directly or indirectly applicable: food flavourings, food additives, feed 308 

additives, vitamins and minerals used in food in accordance with Regulation (EC) No 309 

1925/2006 and/or in food supplements in accordance with Directive 2002/46/EC as well as 310 

vitamins, minerals or other substances used in food for specific groups in accordance with 311 

Regulation (EU) No 609/2013.  312 

Certain aspects of this Guidance on Particle-TR may also be of value in assessing particles at 313 

the nanoscale in other domains, including in applications in areas not covered by the 314 

engineered nanomaterial definition in food and feed (e.g. food contact materials and active 315 

substances in plant protection products), as well as assessments that do not involve an 316 

application. In those cases, the applicable specific guidance, e.g. the note for guidance on 317 

food contact materials (EFSA CEP Panel, 2018), which may refer to specific aspects set out in 318 

the present Guidance, should be followed. 319 

This Guidance on Particle-TR should be considered by the applicants when preparing the 320 

application/dossier, and then by the EFSA Panels and Units when assessing the information 321 

submitted. The document guides the process to decide whether or not the material, or a 322 

fraction of it, does require specific assessment of properties at the nanoscale. This Guidance 323 

on Particle-TR provides ways for confirming that a conventional risk assessment is sufficient. 324 

The applicants may select, according to their knowledge and available information, the best 325 

appraisal route or combination of appraisal routes to justify a) the absence of a fraction of 326 

small particles, or b) that the material contains a fraction of small particles but that this fraction 327 

is covered by the conventional risk assessment and relevant sectoral guidance documents, 328 

and does not require a separate assessment for the nanoscale. When preparing the 329 

application/dossier, if a particular appraisal route does not provide adequate justification 330 

regarding points a) and b) above, the applicant may consider other appraisal routes, 331 

nevertheless all information should be presented in the application/dossier. Some pieces of 332 

information, such as verifiable quantitative assessment of solubility or dissolution rates, may 333 

be essential. The Guidance also provides information related to best practices for reporting 334 

and assessing existing studies, and recommendations for generating additional information. 335 

This Guidance on Particle-TR complements the EFSA Scientific Committee Guidance on risk 336 

assessment of the application of nanoscience and nanotechnologies in the food and feed 337 

chain: Part 1, human and animal health on Nanomaterial and Nanotechnology (EFSA SC, 2018; 338 

hereafter “Guidance on Nano-RA”). Applicants and other readers are referred to that guidance 339 

regarding the specific scientific elements to be considered when assessing the risk of particles 340 

at the nanoscale. It should be considered that the Guidance on Nano-RA is currently being 341 

updated. Figure 1 presents the connectivity between this Guidance on Particle-TR, the 342 



 

 

 
 

Guidance on Nano-RA and the sectoral guidance documents; clarifying under which conditions 343 

the material requires assessment at the nanoscale following the Guidance on Nano-RA.  344 

 345 

 346 

Figure 1.  Decision process for selecting the applicable guidance document(s) to be used for 347 

the risk assessment of the material regarding the assessment of small particles. 348 

According to this decision process, the applicants or other risk assessors should apply this 349 

Guidance on Particle-TR when assessing whether the material contains small particles. A full 350 

assessment addressing the properties at the nanoscale, in line with the Guidance on Nano-351 

RA, is required if the applicant or the risk assessor concludes that the material: 352 

• fulfils the definition of engineered nanomaterial according to the Novel Food 353 

Regulation (Regulation (EU) 2015/2283), 354 

• contains a nanoform according to the provisions under Commission Regulation (EU) 355 

2018/1881 modifying certain Annexes of the REACH Regulation to introduce nano-356 

specific clarifications, or 357 

• consists of or contains a fraction of small particles as outlined in this Guidance on 358 

Particles-TR, unless according to the principles in this Guidance on Particle-TR, the 359 

information confirms that the conventional assessment is sufficient to address the risk 360 

for consumers. 361 

 362 
This Guidance on Particle-TR intends to highlight that safety assessment of food/feed 363 

ingredients and additives composed or comprised of small particles may not be complete if 364 

only chemical aspects are considered without taking into account certain particle-size related 365 



 

 

 
 

physical aspects as well. It should be noted that this EFSA Guidance on Particle-TR only 366 

addresses the risk for consumers exposed via food. Other assessments to be performed by 367 

applicants, in particular human occupational exposure and environmental risk assessments 368 

are not addressed. However, some general principles may be relevant. 369 

This Guidance on Particle-TR is intended to assist applicants and interested parties intending 370 

to submit application dossiers or other comparable forms of submissions.  371 

2. Materials requiring assessment according to this Guidance on Technical 372 

Requirements and general principles 373 

2.1 Introduction  374 

This Guidance on Particle-TR is applicable to chemical materials either as substances or 375 

mixtures to be assessed by EFSA. This Guidance on Particle-TR is also applicable to mixtures 376 

and products marketed as liquid formulations (e.g. emulsions and suspensions) unless the 377 

methods described below confirm that do not contain small particles in suspension (true liquids 378 

or fully solubilised solids). Substances that are true liquids or fully solubilised at normal 379 

conditions of oral ingestion (37 oC and 1 atmospheric pressure, see Section 2.3.3) are 380 

sufficiently covered by the sectoral  guidance.  381 

The characterisation of the fraction of small particles, including the particle size distribution, 382 

is needed in all cases unless the applicant demonstrates that the material will be fully dissolved 383 

and consumers will not be exposed to particles. This Guidance on Particle-TR focusses on the 384 

implications for the safety assessment. The decision whether or not a material is an 385 

engineered nanomaterial according to the definition in the Novel Food Regulation is a 386 

regulatory decision outside EFSA’s remit and is not addressed in this Guidance on Particle-TR. 387 

For multi-constituent substances and mixtures, the information to be submitted according to 388 

this Guidance on Particle-TR should cover each single constituent or each component in the 389 

mixture, as well as the multi-component material. In the case of a) botanicals and other 390 

complex materials of biological origin with unknown or variable composition, b) 391 

macromolecules of biological origin (e.g. enzymes and other proteins), or c) other similar 392 

cases, the applicant should provide a rationale demonstrating that an assessment of the 393 

fraction of small particles including nanoparticles is not needed, or that is already covered in 394 

the safety assessment process, e.g. through hazard identification and characterisation 395 

methods that take into account the properties of the material. 396 

2.2. General principles and list of appraisal routes for confirming that a 397 

fraction of small particles is either not present or covered by the 398 

conventional risk assessment 399 

This Guidance on Particle-TR presents several appraisal routes for confirming that a) the 400 

material does not contain a fraction of small particles, or b) a fraction of small particles is 401 

present but properly covered by the conventional risk assessment. In both cases, an additional 402 

assessment related to the presence of particles at the nanoscale is not needed. The appraisal 403 



 

 

 
 

routes are listed according to simplicity for generating the information, but the list should not 404 

be considered as a tiered approach and the applicant may select an appraisal route or routes 405 

appropriate for each material.  406 

The applicant may select one or several appraisal routes to demonstrate the absence of a 407 

fraction of small particles, or that the fraction is present but well-covered by the  studies 408 

submitted by the applicant for the conventional risk assessment. 409 

If the applicant confirms that a fraction of small particles is present and cannot demonstrate 410 

that the hazard assessment of this fraction of small particles is well-covered, the applicant 411 

should present the necessary information to complement the risk assessment, which includes 412 

the fraction of small particles with nanoscale properties in line with the Guidance on Nano-RA 413 

(2018); indications are provided in Section 4.3. 414 

Table 1 complements Figure 1 summarising the different appraisal routes, describing the 415 

parameters or options to be considered for each appraisal route, and the associated decision 416 

criteria for confirming that the conventional risk assessment is sufficient, and methodology for 417 

obtaining the information.   418 



 

 

 
 

Table 1. List of appraisal routes and corresponding decision criteria for demonstrating that 419 

the material does not require specific assessment at the nanoscale (i.e. assessment 420 

according to Guidance on Nano-RA). 421 

Parameters/Options Decision 

criteria1 

Methodology   Comments 

Appraisal routes using solubility and dissolution rate to demonstrate that 

consumers will not be exposed to particles (Section 2.3)  

Solubility in water 

(Section 2.3.1) 

Equal to or 

higher than 33.3 

g/L 

According to 

OECD TG 105 

with specific 

considerations 

for small 

particles 

For multi-constituent 

substances and 

mixtures, the decision 

criterion has to be 

fulfilled for each 

constituent/component 

Dissolution/transformation 

rate in water 

(Section 2.3.2) 

Half-life of 10 

min or less 

corresponding to 

dissolved fraction 

equal to or 

higher than 88% 

in 30 min 

Single 

concentration 

corresponding 

to exposure at 

the maximum 

use level in 

water  

For multi-constituent 

substances and 

mixtures, the decision 

criterion has to be 

fulfilled for each 

constituent/component 

If solubility is pH 

dependent, the criteria 

should be confirmed at 

pH=3 and/or pH=7 

Solubility or dissolution 

rate in other relevant 

media (e.g. oils) 

simulating or representing 

the application matrix of 

the product 

(Section 2.3.4) 

The criteria for 

water should be 

used as 

reference 

Solubility or 

dissolution rate 

tests in a 

relevant 

medium 

according to 

OECD TG 116 or 

equivalent 

method with 

specific 

considerations 

for small 

particles 

Results should confirm 

that under the 

intended use 

conditions (e.g. food 

matrix) the material 

will be solubilised in 

the products ingested 

by consumers 

Appraisal routes related to the particle size distribution (Section 3), proper 

dispersion of the material is essential in each case 



 

 

 
 

Parameters/Options Decision 

criteria1 

Methodology   Comments 

Particle size distribution of 

the material 

(Section 3.3) 

Particles larger 

than 500 nm  

The level of 

detection of the 

method(s) used 

for this 

assessment 

should provide 

convincing 

evidence that 

the material 

contains less 

than 10% of 

particles 

(number-based) 

smaller than 500 

nm 

Centrifugal 

Liquid 

Sedimentation 

(CLS) 

Particle tracking 

analysis 

Descriptive EM 

Filtration 

complemented 

with chemical 

analysis 

The method 

selection should 

be justified, and 

level of 

detection should 

be reported 

Proper dispersion of 

the material should be 

ensured (Section 3.2) 

 

For liquid 

formulations/products 

(Sections 2.3.3 and 3.3) 

 

Results should 

confirm the 

absence of 

particles in 

suspension 

Ultrafiltration of 

the liquid 

product 

The level of 

detection should 

be reported 

To be tested for the 

full formulation as 

marketed 

Particle size distribution of 

fraction of small particles 

(Section 3.4) 

Less than 10% 

particles 

(number-based) 

of the fraction 

below 500 nm  

are smaller than 

250 nm 

Quantitative EM 

or  a different 

method with 

justification 

Applies to the fraction 

of small particles of the 

full material (also for 

multi-constituent 

substances and 

mixtures) 

When the criterion is 

not met, this 

information is also 

required for assessing 

if the fraction of small 

particles is covered by 

the existing safety 



 

 

 
 

Parameters/Options Decision 

criteria1 

Methodology   Comments 

studies following the 

criteria described in 

Section 4 

Appraisal routes demonstrating that the fraction of small particles is properly 

covered by the existing safety studies (Section 4) 

The studies address 

properly the potential 

hazards of the fraction of 

small particles  

(Sections 4.1. and 4.2) 

The test material 

included the 

fraction of small 

particles, 

and 

The test design, 

and the level of 

dispersion was 

sufficient for 

addressing the 

fraction of small 

particles 

Characterisation 

of the test 

material 

(particle 

characteristics 

and particle size 

distribution), 

and comparison 

with the 

marketed 

material, 

and 

Specific 

consideration 

for genotoxicity 

and 

toxicokinetic 

assessments, 

and 

Demonstration 

of a sufficient 

level of 

dispersion 

based on 

extraction of 

information 

from study 

protocol or 

additional 

information 

(See Appendix 

II) 

For existing studies see 

details in Section 4. 

Before conducting new 

safety studies for 

materials containing a 

fraction of small 

particles, see the 

recommendations of 

the Guidance on Nano-

RA, Section 6 



 

 

 
 

Parameters/Options Decision 

criteria1 

Methodology   Comments 

The submitted risk 

assessment covers the 

fraction of small particles 

(Section 4.3) 

The gaps 

observed in the 

safety studies 

are covered (or 

are of overall low 

relevance) and 

do not trigger 

additional 

concerns 

The lines of 

evidence are 

combined in a 

weight of 

evidence 

approach 

See examples under 

Table 4, Section 4.3 

1 Fulfilling one decision criterion is sufficient for demonstrating that the assessment according to the 422 
sectoral guidance is sufficient  423 

The technical feasibility for applying the criteria above may be problematic for complex 424 

materials of biological origin that are not fully characterised or are of variable composition, 425 

such as some novel foods, botanicals, enzymes and other proteins or extracts. These materials 426 

may have a fraction of small particles of natural origin similar to that of foods considered safe 427 

for consumption. In these cases, the applicant may justify that the fraction of small particles 428 

is similar to that present in comparable foods, and covered by the available studies and does 429 

not require additional assessment. A scientifically sound case-by-case justification supported 430 

by the available evidence should be presented. 431 

2.3. Confirmatory appraisal routes related to solubility and dissolution rate 432 

The assessment of particles at the nanoscale refers to entities in solid form, including particles 433 
in suspension/dispersion but excluding liquid drops in emulsion (Rauscher et al., 2019b). From 434 
the risk assessment perspective, as indicated in the Guidance on Nano-RA, if the material is 435 
expected to be fully solubilised in the solid or liquid food or in the gastrointestinal tract (GIT), 436 
an assessment at the nanoscale may not be needed.  437 

The terms relating to solubility, dispersibility and dissolution rate have been explained in the 438 
Guidance on Nano-RA. Briefly, solubility is the proportion of a solute in a solvent under 439 
equilibrium conditions (i.e. in a saturated state), whereas dissolution rate refers to the kinetics 440 
of dissolution. For nanomaterials, dissolution means that the material is solubilised into 441 
individual ionic or molecular species, and this needs to be differentiated from dispersion, which 442 
is a colloidal suspension of the particles. In addition, it is also important to consider the form 443 
in which a material may be solubilised. For example, some materials may not be solubilised 444 
as such, but they may do so as a result of a chemical transformation - such as hydrolysis or 445 
oxidation – if permitted by the conditions in a solvent. 446 

A Guidance on safety assessment of nanomaterials in cosmetics has been published by the 447 
Scientific Committee on Consumer Safety. Alike the Guidance on Nano-RA, it emphasises the 448 
need to distinguish between solubility and dispersion of nanomaterials, and describes solubility 449 
as disintegration of a nanomaterial in an aqueous medium or biological environment into 450 
molecular components with the loss of nano features. It also highlights the consideration of 451 



 

 

 
 

the time required for dissolution, because that will determine the consideration for risk 452 
assessment to be based on either particle risk or solubilised substance risk (SCCS, 2019). 453 

Following the ingestion of small particles, the material may dissolve in the GIT, if the 454 
dissolution kinetics is rapid enough to achieve full solubilisation in the stomach or in the 455 
intestine before gastrointestinal uptake of the particles, a conventional risk assessment is 456 
sufficient. The principles of the Guidance on Nano-RA have been adapted to offer a simplified 457 
dissolution rate assay in water. If solubility is pH-dependent and the criterion is not achieved 458 
at pH=7, it would be sufficient to demonstrate that the dissolution rate at pH=3, representing 459 
the stomach conditions, is sufficiently rapid to ensure full dissolution in the stomach.  460 

2.3.1 Solubility in water 461 

2.3.1.1 Decision criteria  462 

If the solubility of the substance in water is equal to or higher than 33.3 g/L, no additional 463 
assessment for the fraction of small particles is needed.  464 

This criterion can also be applied to multi-constituent substances and mixtures. For mixtures, 465 
each substance in the mixture should be tested separately and achieve the solubility criterion 466 
of equal to or higher than 33.3 g/L. If some components in the mixture do not achieve the 467 
solubility criterion the other appraisal routes should focus on those components. 468 

2.3.1.2 Information required and methodology 469 

A solubility test according to OECD TG 105 or equivalent is required. If the measured solubility 470 
is less than 33.3 g/L, it is important to remove any suspended particles from the suspension 471 
through ultrafiltration before carrying out chemical analyses to avoid overestimation of the 472 
truly solubilised amounts of the material. 473 

2.3.1.3. Principles 474 

The criterion on solubility in water is based on the SCCS Guidance (2019) and specifically on 475 
the criteria for measuring the solubility of nanoparticles. According to the SCCS (2019), nano-476 
specific risk assessment may be waived for a material composed/comprised of small particles 477 
that has a high solubility (i.e. solubility of 33.3 g/L or more).  478 

A substance is commonly understood to have high solubility if it is soluble at more than 1 479 
mol/L solvent. As a guide, the solubility of a substance should be seen in the context of the 480 
categories for degrees of solubility proposed by JECFA and the European and US 481 
Pharmacopoeias (Table 2).  482 

 Table 2: Solubility Terms as defined by JECFA (2006) and European and US Pharmacopeias 483 
(European Pharmacopoeia 10th Edition 2019; USP38 and USP38 NF33) 484 

 485 
Term  Parts of solvent required 

 for 1 part of solute 
Solubility defined in g/L 

Very soluble  Less than 1 part  >1000 
Freely soluble  1 to 10 parts  1000-100 
Soluble  10 to 30 parts  100-33.3 
Sparingly soluble  30 to 100 parts  33.3-10 
Slightly soluble  100 to 1000 parts  10-1 



 

 

 
 

Very slightly soluble  1000 to 10000 parts  1-0.1 
Insoluble*  >10000 parts  <0.1 

* The European Pharmacopeia terms it as ‘practically insoluble 486 
  487 
Even if the criterion is not met, a proper measurement of solubility is essential for applying 488 
other appraisal routes. When testing insoluble or partially-soluble substances, it must be kept 489 
in view that they will be present in a test medium as a nano-dispersion rather than a solution. 490 
Special attention should be paid to the agglomeration/aggregation behaviour, and the 491 
insoluble/partially-soluble nature of small particles in the nanoscale (SCENIHR, 2009; OECD, 492 
2009; Chaudhry et al., 2010; Gottardo et al., 2017).  493 

Apart from the chemical nature, solubility of a material is dependent on a number of other 494 
factors, such as type of solvent, temperature and pH. The OECD TG 105 provides instructions 495 
for testing solubility of substances, but is not considered suitable for nanomaterials (OECD, 496 
2014). Protocols and guidelines for the determination of the solubility of nanomaterials have 497 
been proposed, e.g. by Tantra et al. (2016). Insoluble and partially soluble nanomaterials 498 
form suspensions of nanoparticles in the solvent media, and it is important to remove any 499 
suspended particles from the suspension through ultrafiltration before carrying out chemical 500 
analyses to avoid overestimation of the truly solubilised amounts of the nanomaterial 501 
(instructions about how to perform ultrafiltration can be found in Section 2.3.2). The SCCS 502 
Guidance (2019) has also emphasised that, depending on the amount added, a final 503 
formulation may still contain (nano)particles if the nanomaterial is only partially solubilised. 504 
For example, a ‘sparingly soluble’ nanomaterial will, by definition, have virtually most of the 505 
material in insoluble particle form.  506 

2.3.2 Dissolution rate in water 507 

2.3.2.1 Decision criteria 508 

If at a concentration corresponding to exposure at maximum use level (as detailed in Section 509 
2.3.2.3), the dissolution rate of the material in water (or the dissolution rate of each 510 
constituent in case of a multi-constituent substance) shows a half-life of 10 minutes  or faster 511 
dissolution (mass-based), no additional assessment for the fraction of small particles is 512 
needed. This dissolution rate corresponds to 12% or less of the material (mass-based) 513 
remaining present as particles after 30 min. Multiple time points should be determined to 514 
establish the dissolution rate. No indication for incomplete dissolution should be observed.  515 

This criterion is also applicable to mixtures. Each substance in the mixture should be tested 516 
separately and achieve the dissolution rate mentioned here. If some components in the 517 
mixture do not achieve this dissolution rate, the other appraisal routes should focus on those 518 
components. 519 

2.3.2.2 Information required and methodology 520 

A dissolution rate test as described below is required. The dissolution rate test should measure 521 
the dissolution of the test item at a single concentration, representing the maximum level of 522 
consumer exposure, at different time-points. 523 



 

 

 
 

2.3.2.3. Principles 524 

Size-specific properties or effects of a material composed of small particles, including 525 
nanoparticles, are intrinsically linked to the stability of its small particle/nanoscale features. 526 
When the material loses these properties, e.g. due to dissolution, it will not be expected to 527 
behave differently from its corresponding conventional chemical form (i.e. the soluble 528 
substance having the same chemical composition). 529 

The dissolution rate test is aimed to investigate whether a particulate material that is not 530 
completely soluble in water (i.e. with solubility < 33.3 g/L8) shows a dissolution rate9 in water 531 
indicating that, at the exposure levels expected for consumers, the particles will dissolve, and 532 
therefore consumers will not be exposed to small particles even if present in the material as 533 
marketed. It is a screening test in water, at room temperature, meant to address point 3 534 
(‘Degradation rate [g/(L*h)]’) in Table 1C of the Guidance on Nano-RA. If the test criterion is 535 
met, conventional risk assessment is sufficient, whereas if the criterion is not met, other 536 
appraisal routes should be considered. 537 

The general outline of the test strategy is as follows.  538 

The starting point is the identification of the intended maximum use level and the 539 
concentration at which the dissolution rate is to be tested. This process includes two steps. 540 
The first step is to estimate the maximum daily amount to be ingested by the consumers. This 541 
should be estimated according to the intended use patterns and the exposure assessment 542 
methods described in the relevant guidance documents covering the risk assessment of 543 
regulated products in the different areas. It should be based on estimations of the maximum 544 
concentration in foods and maximum expected consumption of the food conducted according 545 
to the relevant sectoral guidance; when the material may be present in several food 546 
commodities, the estimation should include the maximum levels per day for the relevant 547 
population groups and diets. This step is a standard part of the exposure assessment. The 548 
second step is to estimate the concentration at which the dissolution rate is to be tested. This 549 
estimation is done by assuming that the amount ingested per day is diluted in the daily total 550 
volume of secretions in the gastrointestinal tract, which for adults is 4–5 L (EFSA SC, 2018). 551 
The volume should be adapted in case of assessments for infants and children or when the 552 
use pattern suggests that the ingestion will not be distributed over the day. In case of doubts 553 
on the exposure assessment, applicants may test somewhat higher worst-case exposure levels 554 
for the dissolution rate than those included in the application.  555 

Following the estimation of the concentration to be tested, the applicants should use the 556 
protocol proposed below. Deviations should be justified. 557 

 
8 Corresponding to the definition of ‘sparingly soluble’, or ‘slightly soluble’, or ‘very slightly soluble’, or ‘insoluble’, as given 

by JECFA and US and European Pharmacopoeias. 
9 The degradation/dissolution rate refers to the kinetics of dissolution and degradation. Particulate materials composed of 
small particles may degrade/dissolve faster than their bulk counterparts because of their high surface-to-volume ratio. The 
dissolution rate is influenced by various factors, including solvent, temperature, pH, concentration, and presence of 
substances interacting with the particle’s surface. It can be determined by kinetic measurements such as time- dependent 
concentration changes (of either the nanoparticles or the dissolved species) or changes in the particle size distribution (to 
smaller sizes). 



 

 

 
 

Solid materials 558 

• Disperse the test item at room temperature in water containing 85 mM NaHCO3 and 40 559 
mM NaCl, at the concentration selected as described above. Allow the soluble components 560 
to dissolve under stirring conditions (in general 300 rpm should be sufficient). If there are 561 
insoluble particles these will exist? in the medium forming a dispersion. An appropriate 562 
dispersion method (see Section 3.2) has to be applied to deagglomerate potential 563 
agglomerates. Attention should be paid to employing sonication techniques delivering 564 
sufficient energy (i.e. probe sonication instead of bath sonication). The analytical report 565 
should indicate the equipment used and the operating conditions (time, power output10) 566 
and the measured pH.  567 

• Analyse this dispersion (t=0) for the chemical substances constituting the particles, e.g. for 568 
inorganic materials measure the associated characteristic elements (by techniques such as 569 
ICP-OES or ICP-MS) after microwave-assisted digestion. 570 

• Then perform an ultrafiltration of the dispersion (t=0) using a membrane filter with pore 571 
size in the range 3-100 kDa (10 kDa membranes are appropriate for most materials). The 572 
membrane will retain the particles and the filtrate will contain only solubilised 573 
components11. In some cases, filtration through a 0.22 µm filter may be needed beforehand 574 
to remove larger particles (including potential agglomerates and aggregates) and prevent 575 
obstruction of the 10 kDa membranes in the subsequent ultrafiltration step. 576 

• Submit aliquots of the dispersion at multiple, appropriate time points to the same 577 
separation treatment and the filtrate to the same chemical analysis as described above12. 578 
The filtrate should be free of small particles/nanoparticles, which are retained on the 579 
membrane surface (if present). 580 

• The materials is considered to degrade/dissolve quickly (i.e. to have a high 581 
degradation/dissolution rate with a half-life of 10 min or less) if the degradation rate profile 582 
shows a clear decrease in the presence of particles13 over time (no plateau) and 12% or 583 
less of the material (mass-based) – compared with the concentration at the beginning of 584 
the test14 – remains as particles after 30 min. This is indicative that no (or a very limited 585 
number of) particles will remain to be taken up as such by consumers.  586 

• At least four time points should be tested for the determination of the 587 
degradation/dissolution rate. For instance, the ultrafiltration and subsequent analysis 588 
should be repeated; in addition to t=0, also at for example t=5 min, t=10 min, t=30 min 589 

 
10 Estimated according to: Gilliland 2016. NanoDefine TR D2.3. 
11 Only ultra-small particles, smaller than the pore size, may pass through the membrane: such potential presence does not 

affect significantly the test results. 
12 For inorganic elements, microwave assisted digestion may be omitted at this stage. 
13 The particulate fraction is measured by comparison, at each time point, of the concentration in the filtrate versus the 

concentration before ultrafiltration. 
14 I.e. before ultrafiltration. 

 

https://urldefense.proofpoint.com/v2/url?u=http-3A__www.nanodefine.eu_publications_reports_NanoDefine-5FTechnicalReport-5FD2.3.pdf&d=DwIF-w&c=euGZstcaTDllvimEN8b7jXrwqOf-v5A_CdpgnVfiiMM&r=_q-1QuFpg_VgEkG_M_BVy3hnfo6Cy32mHmdipuSr-CQ&m=z4LN_UIbUe_4J1g5Pd23eI1LvzuU8gwJCfFxJRxifhU&s=2dPE4Xctm1oqmB-LFikEj_EMVQe7jBlxQKCOmNmD8Vk&e=%3chttps://urldefense.proofpoint.com/v2/url?u=http-3A__www.nanodefine.eu_publications_reports_NanoDefine-5FTechnicalReport-5FD2.3.pdf&d=DwQGaQ&c=euGZstcaTDllvimEN8b7jXrwqOf-v5A_CdpgnVfiiMM&r=_q-1QuFpg_VgEkG_M_BVy3hnfo6Cy32mHmdipuSr-CQ&m=GORV8GgYcExJtAk3zFBN-2C_i9BpS2aQNJZ7BSsxRtM&s=eCiGEsL3Kw7C_2WK6dN45n6zNoC7lyGoeeoyJrslEIU&e=


 

 

 
 

and t=60 min. The degradation/dissolution curve has to be documented and the 590 
degradation/dissolution rate at t=30 min calculated. 591 

• If degradation/dissolution is pH-dependent, the dissolution test should be carried out at 592 
different points covering the pH range of physiological relevance (pH=315 to pH=7). If 88% 593 
dissolution or more is achieved in 30 min at pH=7 and/or pH=316 the confirmatory criterion 594 
is achieved.  595 

• The applicant may also consider the recommendations for degradation/dissolution rate of 596 
nanomaterials in the GIT described in the Guidance on Nano-RA, including the 597 
characterisation of the degradation products. 598 

 599 
2.3.3 Confirmation of absence of particles for liquid materials 600 

For materials marketed in liquid form it should be sufficient to demonstrate by ultrafiltration 601 
that the material is a true liquid and not a dispersion containing small particles. 602 
 603 
Mass balance or verification of the absence of small particles including nanoparticles by 604 
electron microscopy need to be provided. 605 
 606 

2.3.4 Solubility or dissolution rate in lipophilic media 607 

2.3.4.1 Decision criteria 608 

This appraisal route is only applicable to substances marketed in a non-aqueous matrix or 609 
when all intended uses require a dispersion in a lipophilic matrix (e.g. oils) before 610 
consumption. The information should confirm that the solubility and/or dissolution rate of the 611 
substance in the non-aqueous matrix achieves the criteria mentioned under Sections 2.3.1. 612 
and 2.3.2, respectively.  613 
 614 
The approach related to solubility and dissolution rate can also be applied to mixtures. Each 615 
substance in the mixture should be tested separately and achieve the solubility or dissolution 616 
rate criteria. If some components in the mixture do not achieve the solubility or dissolution 617 
rate criteria, the other appraisal routes should focus on these components. 618 

2.3.4.2 Information required and methodology 619 

A solubility test or dissolution rate test is required similar to those mentioned under Sections 620 
2.3.1. and 2.3.2. respectively but using a solvent relevant for the intended uses. The OECD 621 
Test No. Guideline 116: Fat Solubility of Solid and Liquid Substances, with specific 622 
considerations for small particles, should be used as reference. 623 

 
15 Upper bound of the physiological pH in the stomach. 
16 If solubility is pH dependent and the criterion is not achieved at pH=7, it would be sufficient to demonstrate 
that the criterion is met at pH=3. 



 

 

 
 

2.3.4.3. Principles 624 

The approach related to solubility and dissolution rate extrapolates the principles of Sections 625 
2.3.1 and 2.3.2 to substances marketed in a non-aqueous matrix or when all intended uses 626 
require a dispersion in a non-aqueous matrix (e.g. oil or fat) before consumption. If the 627 
criterion is achieved, the material will be fully dissolved in the matrix and, therefore, a 628 
conventional risk assessment is sufficient and further assessment of nanoscale properties is 629 
not needed. 630 

3. Characterisation of the size distribution of the material including the 631 

fraction of small particles 632 

3.1 Introduction  633 

This Section includes the information on the particle size distribution that should be included 634 
in the application/dossier when the criteria on solubility and dissolution rate dealt with in 635 
Section 2 are not met. It may also be used as an appraisal route without details on solubility 636 
or dissolution rate. 637 

For practical reasons and in line with current methods for measuring particle size distribution, 638 
the information requirements are divided in two steps: the characterisation of the particle size 639 
distribution of the full material and the characterisation of the fraction of small particles (≤ 640 
500 nm). This characterisation is also needed for applying the appraisal routes described in 641 
Section 4. 642 

Particle size is a distribution and should be described accordingly (e.g. see Section 3.4.2.3 for 643 
describing the particle size distribution for materials contains a fraction of small particles).  644 

It should also be noted that the fraction of small particles, including nanoparticles, require 645 
specific attention with regard to the representativeness of sampling and proper dispersion 646 
state. All measurements of particle size distribution should ensure a proper dispersion of the 647 
sample in line with the recommendations presented in Section 3.1. These recommendations 648 
should be also considered for preparing the samples for conducting safety studies and when 649 
interpreting results of the studies. Also, possibilities for deagglomeration of the small particles 650 
under different testing and physiological conditions should be considered in risk assessment 651 
(OECD, 2012; Peters et al. 2012 (ACS NANO 2012)). 652 

3.2. Dispersion protocol for sample preparation 653 

Dispersion of materials composed of small particles (usually powders) in liquids is an important 654 
step in the sample preparation for most common particle size measurement methods. The 655 
dispersion procedure used may influence the particle size distribution measurements. For 656 
material characterisation, the final liquid dispersion of the material should result in a particle 657 
size distribution that consists of the smallest dispersible particles (primary or constituent 658 
particles). The dispersion also needs to be sufficiently stable, i.e. show a constant size 659 
distribution pattern or minimal re-agglomeration over the time necessary to carry out particle 660 
size measurements or for application in in vitro or in vivo toxicological tests. 661 

Due to the likelihood of high physical and chemical variability amongst most materials, a 662 
generally applicable standard operation procedure (SOP) is currently not available for 663 



 

 

 
 

dispersion of a dry powder in liquids. The following general steps should be considered when 664 
developing a dispersion procedure (Mech et al., 2020c): 665 

i. Choice of media, pre-dispersion and wetting can be the main limitations for an 666 

instrumental method used later; also inertness of the particles towards the media, i.e. 667 

particles do not dissolve or swell in the selected media. 668 

ii. Choice of the method for deagglomeration of the material; the input energy used – 669 

i.e. is it sufficient to disaggregate without changing the particle morphology. A general 670 

choice for most materials with a fraction of small particles is ultrasonic treatment using 671 

either a probe or vial sonicator. 672 

iii. Stabilisation is the final and complex step in the process, therefore consideration of 673 

the choice of stabiliser is needed, along with other possible variables such as 674 

compatibility of the stabilisation method with the measurement method. Effectiveness 675 

of the stabilisation including the timescale for which stability must be retained. 676 

Concerning step (ii), it has to be noted that sonication may introduce a significant variation in 677 
the dispersing process due to the differences amongst the variety of sonication instruments 678 
that are available on the market. In order to reduce this variability, a 'Generic SOP for 679 
calorimetric calibration of an ultrasonic probe sonication' has been developed (Mech et al., 680 
2020c). This SOP allows harmonisation of the different sonication instruments and methods 681 
(probe versus vial) as well as determination and definition of the actual energy effectively 682 
transferred to the test sample. 683 

For the purposes of this Guidance on Particle-TR, a dispersion protocol can be considered 684 
effective if it yields samples which consist as much as possible of non-agglomerated/non-685 
aggregated particles. To monitor the effectiveness of a protocol, analytical methods, which 686 
can reliably distinguish constituent particles from agglomerates and aggregates, are required. 687 
Suitable methods are those based on electron microscopy (EM) techniques, such as SEM or 688 
TEM. As EM methods require dry samples, care must be taken to optimise the specimen 689 
preparation to minimise re-agglomeration of particulates during specimen drying. If it is not 690 
possible to verify agglomeration and aggregation state with EM, efforts should be made to 691 
empirically verify that the protocol has been optimised to produce the minimum mean particle 692 
size possible with the facilities available for dispersion. To do this, the dispersion steps should 693 
be applied systematically using different sonication times and fixed power settings with the 694 
mean particle size being measured by methods such as CLS or DLS. The most suitable 695 
sonication time and power should be chosen as the time when further incremental increases 696 
in sonication time and/or power do not result in significant further changes in mean size 697 
(Rauscher et al., 2019a). 698 

As mentioned above, there is no universally applicable test protocol for preparing stable 699 
dispersions of materials with a fraction of small particles. On the other hand, in the scientific 700 
literature numerous specific methods for certain types of particles are reported. A more 701 
systematic approach has been proposed in the NanoDefine EU-project, where a specific 702 
optimised dispersion protocol was developed for a number of priority nanomaterials and laid 703 
down in the form of SOPs (Mech et al., 2020c). Examples of these substances are CaCO3 (fine 704 
grade), BaSO4 (fine and ultrafine grade), kaolin, coated TiO2 (pigment grade), zeolite powder 705 
or MWCNT (highly tangled fibrous carbonaceous material).  For each of these materials 706 
specific dispersion requirements need to be met, along with corresponding types of 707 



 

 

 
 

dispersants, stabilisers and sonication conditions. Typical probe sonication dispersion 708 
conditions involve applying energies between 2.3 kJ to 25 kJ into sample volumes of 6 ml to 709 
10 ml. This equates to applying energy densities from 600 J/ml to 2500 J/ml sample volume. 710 
These SOPs can serve as a starting point or guide templates for developing protocols for other 711 
materials on the basis of physicochemical similarities with one of the standard nanomaterials 712 
used in developing the SOPs. 713 

As elaborated in a JRC report (Rauscher et al., 2019a) the effective stability (resistance to re-714 
agglomeration and/or selective sedimentation) of a prepared sample for the time between 715 
sample preparation and the end of the measurement should be verified.  716 

In order to check the stability of dispersions, periodic verifications should be made of the 717 
apparent particle size distribution from stock dispersions using at least one technique which 718 
is sensitive to changes in particle size and quantity. CLS can be used to very sensitively reveal 719 
any change in size distribution, and therefore CLS can be regarded as well suitable for such 720 
verification - assuming the expected particle size range and density are compatible with the 721 
lower size limit of the CLS instrument being used.  Re-agglomeration changes the particle size 722 
distribution and often leads to sedimentation. However, certain dispersions may change over 723 
time due to gravitational sedimentation only (without re-agglomeration); this can be easily 724 
reversed and therefore would not be regarded as instability of the dispersion. Before verifying 725 
size distributions with CLS or other appropriate alternative the sample dispersion should be 726 
re-homogenised by a short period (few minutes) of bath sonication. 727 

After dispersion particles may re-agglomerate. Therefore, it is important to ensure that 728 
suspensions are prepared with the intention of achieving sufficient dispersion stability to allow 729 
appropriate measurement of the needed parameters. Hence, further to optimising the 730 
dispersion energy mentioned above, additional steps should be taken to avoid re-731 
agglomeration of dispersed particles for the applied measurement techniques. In the case of 732 
aqueous dispersions this may be achieved by natural electrostatic stabilisation and appropriate 733 
modification of the pH value. In many cases it may be necessary to add a dispersing agent or 734 
a surfactant. The choice of, e.g., surfactants depends on the intrinsic properties such as 735 
hydrophobicity, surface charge and chemical functionality of the specific material under 736 
consideration. Commercially available chemical surfactants e.g. phosphate, sulfonate or 737 
polyethylene glycol and others have been successfully applied for the above-mentioned 738 
priority nanomaterials. Where applicable, measurements of the zeta potential measurements 739 
can be useful to check whether a dispersion is expected to be stable for a sufficiently long 740 
period of time. An absolute value higher than 25 mV would be indicative for sufficient stability. 741 
(Dukhin AS and Xu R, 2020). As a guide, a minimum required stability time of 30 minutes has 742 
been suggested for these priority nanomaterials for the various applied measurement 743 
techniques as described by Mech et al., 2020c. 744 

Other protocols for the preparation of nanomaterial dispersions by sonification and guidance 745 
for optimisation of the tests conditions and process parameters have also been published 746 
elsewhere (Taurozzi et al., 2012a,b).  747 

Concerning characterisation of the dispersion stability, ISO Guidelines (ISO, 2013) and an 748 
OECD test approach for nanomaterials in simulated environmental media (OECD, 2017) have 749 
addressed the key aspects and described a method based on dispersion and re-agglomeration 750 
characteristics of nanomaterials.  751 



 

 

 
 

It is recommended that applicants follow the ISO and OECD guidelines mentioned above to 752 
adopt appropriate methods for preparing stable dispersions of their materials. In case of a 753 
broad particle size distribution with a high content of large particles, it may be necessary to 754 
remove the larger sized particle fraction by means of filtration or centrifugation, and then 755 
apply the guidelines to the remaining smaller particle fraction. 756 

3.3. Characterisation of the particle size distribution  757 

The characterisation of the particle size distribution is needed for all materials for which the 758 
solubility or dissolution rate cannot exclude the likelihood of exposure of consumers to 759 
undissolved particles. Considering currently available methods, a practical threshold of 500 760 
nm as the upper limit for the range of “small particles” is proposed. When a fraction of small 761 
particles is detected, the information provided in this section on the characteristics of this 762 
fraction is also needed for the appraisal routes described in Section 4, and consequently should 763 
be provided by the applicant even when the appraisal criteria are not met.  764 

3.3.1 Particle size distribution of the  material 765 

3.3.1.1 Decision criteria 766 

When the material is not expected to have a fraction at the nanoscale, the applicant should 767 
demonstrate that the particles are larger than 500 nm after a proper dispersion of the test 768 
material. The level of detection of the method(s) used for this assessment should provide 769 
convincing evidence that the material contains less than 10% particles (number-based) 770 
smaller than 500 nm.  771 

3.3.1.2 Information required and methods 772 

Different methods can be used for characterising the particle size distribution of the material. 773 
For the assessment of the fraction of small particles, these methods should be suitable for 774 
detecting particles smaller than 500 nm. 775 
 776 
Methods allowing the detection of small particles include:   777 

• Centrifugal Liquid Sedimentation (CLS) 778 

• Particle tracking analysis 779 

• Descriptive Electron Microscopy 780 

• Filtration complemented with chemical analysis 781 

The applicant should select the method(s) according to the characteristics of the material and 782 
justify the selection. For each method, a description of the test conditions, including the 783 
sample preparation and dispersion protocols, the range of particle sizes covered by the 784 
method, and the level of detection should be reported. The selected method or methods 785 
should provide convincing evidence that the material contains less than 10% of particles 786 
(number-based) smaller than 500 nm. A combination of different methods may be needed in 787 
some cases. 788 

3.3.1.3. Principles 789 

This appraisal route offers the applicant the possibility to confirm that the particles are larger 790 
than 500 nm using screening methods. Considering the currently available methods and their 791 



 

 

 
 

capability in terms of the particle size range and limit of quantification of the methods, a 792 
pragmatic threshold for ensuring the capability of the selected method(s) for detecting small 793 
particles is proposed. The value of 10% number-based for particles smaller than 500 nm 794 
implies that the total mass of particles at the nanoscale would be very low, and a conventional 795 
risk assessment is sufficient and no further assessment of material properties at the nanoscale 796 
is needed. 797 

3.3.1.4. Centrifugal Liquid Sedimentation (CLS) 798 

A relatively quick and economic method of ascertaining the presence of small particles in a 799 
dispersion of particulate material is through analysis by Centrifugal Liquid Sedimentation 800 
(CLS). CLS is a scaled-down version of analytical centrifugation that is designed in the form 801 
of a rotating disc, which contains a thin layer of liquid sucrose gradient. When a sample of 802 
particle dispersion is applied at the centre of the disc, which is rotating at around 24,000 rpm 803 
(30,000 G-force), the centrifugal force leads the particles to sediment and travel outwards at 804 
velocities dependent on their particle size and morphology. Using X-ray diffraction or optical 805 
detection, a typical equipment can measure the velocity of particle sedimentation to calculate 806 
particle size distribution against standards of known particle density and size. The equipment 807 
is generally also accompanied with proprietary software that can convert mass-based particle 808 
size distribution into number-based values on the basis of particle morphology and density. 809 
The method is regarded as quick, highly-reproducible, and with a good sensitivity that can 810 
range from 3 nm to several μm (e.g. see validation study by Braun et al., 2011). Analysis of 811 
low-density materials can require much longer times, but special discs are also available that 812 
can reduce the run time.  813 

There is an ISO standard 13318 for the method, which is also mentioned in the REACH 814 
guidance R7.1 for the characterisation of nanomaterials. Standard operating procedures for 815 
CLS have been developed by the NanoReg project for particle size determination17. 816 

3.3.1.5. Particle tracking analysis 817 

The evaluation of the number-based particle size distribution in liquid dispersions can be 818 
effectively carried out using the particle tracking analysis (PTA) method for diffusion velocity 819 
measurements. PTA, also known as nanoparticle tracking analysis in some instrumental 820 
versions, is a single particle technique where scattered laser light is recorded with a 821 
microscope and a digital camera. The Brownian motion of the particles, as recorded in a video, 822 
is processed by the software to determine the diffusion coefficient for each individual particle 823 
and from it calculate the hydrodynamic diameter. 824 

By means of PTA the sizing and number concentration measurement of particles in the size 825 
range of one or few tenths of nm (depending on the chemical nature of the material) up to 1 826 
µm approximately can be performed in aqueous suspensions. PTA measures the 827 
hydrodynamic diameter using the spherical model as DLS does but suffers less perturbation 828 
from large particles in polydisperse samples compared to DLS. However, the measured 829 
hydrodynamic diameter can be affected by the salt concentration of the suspending medium, 830 
pH and concentration of the dispersant. Therefore, the effects of these parameters should be 831 
investigated or controlled. For instance, when performing sample dilutions to obtain the 832 

 
17 NANoREG D2.08 SOP 03, available via the NANoREG Results Repository. 

https://www.rivm.nl/en/documenten/nanoreg-d208-sop-03-for-particle-size-determination-of-given-mnm-by-cls-technique
https://www.rivm.nl/en/about-rivm/mission-and-strategy/international-affairs/international-projects/nanoreg


 

 

 
 

optimal concentration for PTA measurement – which is in the range 106-109 particles/mL – it 833 
is important to ensure that the ionic strength, stabilizer concentration and pH are kept 834 
constant. All these parameters should be documented and reported. Reduction of dispersant 835 
concentration and changes in pH can lead to particle agglomeration and increase in 836 
polydispersity of the sample. 837 

There is an ISO standard for the PTA method (ISO 19430:2016), whereas other sources are 838 
available which describe method validations (Kestens et al., 2017), interlaboratory 839 
comparisons (Hole et al., 2013; Maguire et al., 2017), and provide SOPs (EUNCL, 2018). 840 

3.3.1.6. Descriptive Electron Microscopy (dEM) 841 

To assess the presence or absence of nano-objects, and before more advanced quantitative 842 
analyses are initiated, a detailed description of the material is a first and essential step to 843 
determine the basic properties of the examined nano-objects and to assess the quality of the 844 
sample and specimen preparation.  845 

This method may be used to confirm that the fraction of small particles is just a tail resulting 846 
from a manufacturing process of a powder and that all particles have similar 847 
characteristics except for size.    848 

Based on a series of representative electron micrographs recorded at magnifications typically 849 
ranging from 100 to 100,000 times, and covering the entire specimen, an overview of the 850 
specimen, and the properties of the nano-objects of interest such as size, shape, surface and 851 
inner morphology, and crystallographic structure, can be visualised by the electron 852 
microscope. A descriptive EM analysis includes, at least, representative and calibrated 853 
micrographs, and a description of the following parameters: (i) the roughly estimated size 854 
(distribution) of the primary and aggregated/agglomerated particles; (ii) the agglomeration 855 
and aggregation status; (iii) the general morphology; (iv) the surface topology; (vi) the 856 
structure (crystalline, amorphous, etc.); and (vii) the presence of contaminants and aberrant 857 
particles. If contaminants are observed, such as salt crystals, organic matter, protein 858 
agglomerates, lipids, other type of particles (e.g. catalysts), they should be described and 859 
reported; in addition, selected micrographs can highlight unusual or rare features, such as 860 
impurities and crystal defects.  861 

When nano-objects are observed, a descriptive EM analysis should further report the specimen 862 
quality describing possible impurities and artefacts, the number of particles in the EM 863 
specimen, their contrast with the background and how even they are distributed on the 864 
EM specimen. On the basis of these parameters, the relevance and suitability of a quantitative 865 
EM analysis of the examined specimen, and the need for optimization of the sample and 866 
specimen preparation should be assessed.   867 

The characteristics of the nano-objects of interest such as aggregates and agglomerates, and 868 
primary particles, are described in Appendix I Table AI-1.   869 

For each sample, the report of a descriptive EM analysis must include a detailed description 870 
in text form of the above-mentioned seven parameters. To categorize and describe the shape 871 
of aggregates and agglomerates (Appendix I, Figure AI-1A), the system of Lopez-de-Uralde 872 
et al. (2010) is proposed. To categorize and describe the surface topology (Appendix I, Figure 873 
AI-1AB), and the shape of constituent particles (Appendix I, Figure AI-2), the systems 874 
of Krumbein and Sloss (1963), and Munoz-Marmol et al. (2015), respectively, are proposed.   875 



 

 

 
 

Further, calibrated micrographs must be provided giving an overview of the sample, as well 876 
as calibrated micrographs showing the (smallest) constituent particles. The magnification of 877 
the latter can be determined based on the criterion of Merkus (2009).  878 

For convenience, a tabulated summary of this description, as exemplified in Appendix I, Table 879 
AI-1, is proposed for efficient reporting of the descriptive EM results assuring uniformity in 880 
reporting, reducing misunderstanding by suggesting a set of possible descriptions.  881 

3.3.1.7. Filtration complemented with chemical analysis  882 

The approach described in Section 2.3.2, based on filtration and analytical determination of 883 
the substance(s) constituting the particles before and after filtration, can be used to gain an 884 
insight into the mass-based particle size distribution of a material and, specifically, to assess 885 
the fraction of small particles (<500 nm).  886 

A sequential, stepwise approach should be used to characterize the mass fraction of (i) 887 
particles ≥500 nm, (ii) particles <500 nm, and (iii) dissolved species. 888 

As far as the mass fraction of particles ≥500 nm is concerned, several membrane filters with 889 
pore sizes ≥0.5 µm should be used and the results appropriately described and interpreted. 890 
Membranes made of different materials should be compared and data which are worst case 891 
(i.e. indicating the lowest amount of particles ≥500 nm) should be selected for the size 892 
characterisation. This is due to the fact that filtration overestimates the amount of larger 893 
particles because a fraction of particles smaller than the pore sizes are always retained on the 894 
membrane due to the build-up of material on the membrane surface and physicochemical 895 
interactions of the particles with the membrane material. In some cases, filtration through 896 
membranes with (considerably) larger pore sizes may be needed beforehand to remove very 897 
large particles (including potential agglomerates and aggregates) and prevent obstruction of 898 
the 0.5 µm membrane. 899 

For the characterisation of the small particles (<500 nm), the filtrate (‘worst-case’) has to be 900 
submitted to ultrafiltration using a membrane filter with pore sizes in the range 3-100 kDa (10 901 
kDa membranes are appropriate for most materials). The membrane will retain the small 902 
particles and the filtrate will contain only soluble components. 903 

The mass-fraction corresponding to the small particles (corrected for the soluble fraction, if 904 
any) has to be compared to the one of the particles ≥500 nm. The particle size distribution 905 
data can be converted from mass- to number-based by using assumptions (e.g. spherical 906 
particle shape) and appropriate algorithms. Range of plausible values should be obtained 907 
using upper- and lower-bound values for the number-based particle size distribution. 908 

The measurement process should be clearly documented and quality control demonstrated by 909 
using an adequate number of (certified) reference materials (or, if not available, size control 910 
samples) matching as close as possible the chemical composition and the physicochemical 911 
properties of the material to be characterised. The experimental design and the results should 912 
be discussed in a transparent way and the conclusions justified. 913 

3.4. Characterisation of the fraction of small particles  914 

If a fraction of small particles (particles ≤500 nm)  is expected or identified, the applicant 915 
should provide additional information on this fraction, starting with a description of the 916 



 

 

 
 

particles, e.g. using descriptive EM as presented in Section 3.2.1.6, followed by a quantitative 917 
assessment of the size distribution of the fraction of small particles.  918 

A proper dispersion of the sample according to the recommendations in Section 3.1 is 919 
essential.  920 

3.4.1 Identification of a fraction at the nanoscale 921 

In line with the Guidance on Nano-RA, no specific concern regarding the nanoscale is needed 922 
for particles larger than 250 nm.  923 

3.4.1.1 Information required and methods 924 

Electron microscopy is the recommended method for the quantification of the size distribution 925 
of the fraction of small particles. The applicant should justify the use of other methods and 926 
provide sufficient evidence on the limit of particle size detection and the level of dispersion 927 
avoiding the aggregation/agglomeration of the particles.   928 

3.4.1.2 Decision criterion 929 

When the fraction of the material with a particle size below 500 nm contains less than 10% 930 
particles (number-based) smaller than 250 nm, the material is adequately covered by the 931 
conventional safety assessment and does not require an additional assessment for the fraction 932 
of small particles.  933 

This criterion can also be applied to mixtures. Each substance in the mixture should be tested 934 
separately and meet the criterium. If some components in the mixture do not meet this 935 
criterion, additional information on the fraction of small particles of those components should 936 
be presented. 937 

3.4.1.3. Principles 938 

This consideration implements a pragmatic trigger for materials consisting of or containing a 939 
significant fraction of small particles, to be applied when the large majority of the material is 940 
not at the nanoscale but a tail of particle size distribution  at the nanoscale may be present 941 
due to the manufacturing process. The value of 10% number-based for particles smaller than 942 
250 nm implies that the total mass of particles at the nanoscale would be very low, and a 943 
conventional risk assessment is sufficient and no further assessment for properties at the 944 
nanoscale is needed. 945 

In addition to the numerical criteria, a description of the fraction of small particles (i.e. particles 946 
smaller than 500 nm) should confirm that the particles at the nanoscale are just part of the 947 
size distribution tail resulting from a manufacturing process of the powder and that all particles 948 
have similar characteristics except for size.   949 

3.4.1.4. Specimen preparation for EM analysis 950 

Specimen preparation for EM analysis aims at depositing on a carrier suitable for EM analysis 951 
a fraction of particles which optimally represents the particles in the sample and which allows 952 
detecting and measuring the constituent particles individually. Critical parameters that need 953 
to be controlled and reported are the level of dispersion of the particles, the type of carrier, 954 



 

 

 
 

the compatibility of the particle charge with the charge of the carrier and the particle 955 
concentration. 956 

The quality of EM particle size and shape measurement results strongly depends on sample 957 
and specimen preparation. Standard methods for depositing (nano)particles on measurement 958 
substrates are described, for example, in ISO/DIS 19749 for SEM and ISO/PRF 21363 for TEM. 959 
There is, however, no single best preparation method for all particles, rather suitability of the 960 
methods is determined by the characteristics of nanoparticles and the measurand, the quantity 961 
or property to be measured. It is indispensable to ensure that the EM specimens are 962 
representative and relevant to the measurand. The knowledge about and the number of 963 
methods of nanoparticle deposition is growing rapidly, and it is advisable to explore and use 964 
the most suitable methods from the available literature that are specific to the nanoparticle 965 
measurand and the material type (Vladár et al., 2020). 966 

Suspensions of particles in their most dispersed state, prepared as described in Section 3.2 967 
“Sample preparation (liquid dispersion) for particle size measurement” are suitable to prepare 968 
specimens for both descriptive and quantitative EM analyses. 969 

Detailed guidelines to select suitable carriers for TEM analysis, approaches to tailor the EM 970 
grids to the particles and to deposit and concentrate particles to the EM grids are proposed in 971 
Mast et al., 2015, and Mast et al., 2020 and in CEN/TS 17273. CEN/TS 17273 provides specific 972 
guidance on the preparation of EM specimens for detection and identification of nano-objects 973 
in complex matrices using electron microscopy. A detailed standard operating procedure on 974 
EM specimen preparation: “Preparation of EM-grids containing a representative sample of a 975 
dispersed nanomaterial” describing how to bring a dispersed nanomaterial in contact with an 976 
EM-grid, and to select the appropriate concentration of the nanomaterial, and the type and 977 
charge of the grid is provided by NANoREG D2.10 SOP 0118. 978 

Specific guidelines for SEM sample specimen are described by Vladár et al., 2020.  979 

For TEM and STEM analysis, EM grids are typically applied as sample carriers. For SEM 980 
analyses, various types of carriers, including SEM stubs, are applied. All TEM specimens are, 981 
however, suitable for SEM imaging, so nanoparticle preparation methods published for TEM 982 
imaging and measurement also apply to sample preparation for SEM. The use of TEM grids is 983 
recommended as a carrier for all types of EM analysis (TEM, STEM and SEM), to optimally 984 
control specimen preparation conditions and obtain best limits of detection (CEN/TS 985 
17273:2018). Approaches to prepare EM specimens from dry powders, often applied to 986 
prepare conventional SEM specimens (references SEM), are only suitable if particle properties 987 
are monodispersed or if particle are well separated and not (strongly) agglomerated.  988 

A sufficiently high number of particles has to be deposited, ideally as single particles, to assure 989 
efficient analysis of a representative fraction of particles. At the same time however, care has 990 
to be taken not to overload the carrier with particles because overlapping particles will limit 991 
particle detection and the applicability of image analyses methods to accurately measure the 992 
particles. Overlay of particles, certainly in multiple layers and of polydisperse materials, must 993 
be avoided, because it results in larger particles blocking imaging of smaller particles and 994 
consequently in biased measurements. As a rule of thumb, a coverage with nanoparticles of 995 
a few percent of the TEM grid surface is well suited for descriptive and subsequent quantitative 996 

 
18 NANoREG D2.10 SOP 01, available via the NANoREG Results Repository. 

https://www.rivm.nl/en/documenten/nanoreg-d210-sop-01-preparation-of-em-grids-containing-representative-sample-of


 

 

 
 

EM analysis with (automated) image analyses. In case samples are very polydispersed in size, 997 
simultaneously containing micrometer- and nanometer-sized particles, omission, e.g. by 998 
sieving, of the largest particles that can cover large parts of the EM-grid, might be necessary 999 
to make detection of the fraction of nanosized particles possible. 1000 

3.4.2 Characterisation of the fraction of small particles by quantitative Electron 1001 

Microscopy 1002 

When the decision criteria described under Sections 2 and 3 above are not met, the applicant 1003 
should provide a characterisation of the fraction of small particles using electron microscopy. 1004 

Electron microscopy allows to visualise and identify individual nano-objects of interest based 1005 
on specific criteria such as size, shape, crystallographic structure, and elemental composition. 1006 
It is one of the few methods that, to some extent, allows to identify constituent particles in 1007 
aggregates and agglomerates. Due to its high spatial resolution in two dimensions, EM analysis 1008 
covers a size range of 1 nm to 1000 nm, depending on the type and configuration of the EM. 1009 
Possibilities and limitations of quantitative EM to characterise the fraction of nano-sized 1010 
particles are reviewed in Mast et al., 2015 and Mast et al., 2020. 1011 

By combining EM imaging with image analysis, the properties of individual nano-objects, such 1012 
as the size, shape and surface texture, can be estimated from their two-dimensional 1013 
projection. Combining these measurements, the material can be characterised quantitatively 1014 
as number-based distributions and corresponding descriptive statistics of selected 1015 
measurands. 1016 

Guidance on the determination and reporting of size and shape distributions based on SEM 1017 
and TEM images of both nanoscale and larger than nanoscale particles is provided in ISO 1018 
19749 and ISO 21363. Guidance on sample preparation, particle detection, imaging and 1019 
identification of nano-objects in complex matrices is provided in CEN/TS 17273. This guideline 1020 
is also useful for EM analysis of relatively pure materials and materials in simple matrices.  1021 

3.4.2.1 EM imaging 1022 

EM imaging for quantitative EM analysis aims to record a set of calibrated electron micrographs 1023 
showing objects that are representative of the objects deposited on the EM carrier, typically 1024 
an EM-grid. The conditions for TEM, SEM and STEM imaging suitable for quantitative particle 1025 
analysis can be determined from the following general guidelines. 1026 

Before image analysis is initiated, particular attention has to be given to the optimisation of 1027 
the dispersion and specimen preparation protocols because poor separation and overlap tend 1028 
to bias particle identification and measurement. Image analysis is much easier and gives more 1029 
accurate and precise measurements when particles are well separated and not overlapping 1030 
(Dudkiewicz et al., 2019; Verleysen et al., 2020). 1031 

Before analysis, the electron microscope must be suitably aligned to reach lens conditions 1032 
optimal for EM imaging, and calibrated using appropriate (certified) reference materials to 1033 
assure precise and accurate measurements related to the international system of units (SI). 1034 
Guidelines for EM alignment and calibration are provided in the magnification calibration 1035 
guidance document ISO 29301. 1036 



 

 

 
 

The magnification for EM imaging should be selected such that the useful working range 1037 
covers the size distribution of the analysed particles. This useful range is determined by the 1038 
lower and upper size quantification limits, as defined in CEN/TS 17273:2018. Briefly, the 1039 
magnification should be selected in such a way that the size of the smallest particle to be 1040 
measured, which is estimated during the descriptive TEM analysis (Section 3.3.1.6) complies 1041 
with the criterion of Merkus (2009). This criterion requires that the area of equiaxial particles 1042 
consists of at least one hundred pixels assuring that large systematic deviations in size 1043 
measurements are avoided. To measure the dimensions of non-equiaxial particles, as a rule 1044 
of thumb, the minimal external particle dimension should consist of at least 10 pixels (CEN/TS 1045 
17273:2018). The upper size quantification limit is set to the size of pixels making up one-1046 
tenth of the image size in one dimension, according to ISO 13322-1. Post analysis, the 1047 
appropriateness of the chosen magnification can be evaluated based on the percentages of 1048 
particles smaller and larger than, respectively, the lower and upper limits of quantification. 1049 
These percentages should be reported. 1050 

The applicant must assure that the recorded micrographs are representative for the specimen, 1051 
avoiding selectivity during imaging, for example, by applying a random and systematic 1052 
imaging scheme. De Temmerman et al. (2012) and Verleysen  et al. (2014) addressed this by 1053 
recording images at several positions, pre-defined by the microscope stage, that were 1054 
distributed over the entire grid. 1055 

3.4.2.2. Image analysis 1056 

Particles visualised in electron micrographs can be detected and measured using manual and 1057 
(semi)automated approaches provided that individual nano-objects of interest can be detected 1058 
and identified based on criteria such as mass-thickness contrast, elemental composition, size, 1059 
morphology, and crystallographic structure. Manual particle measurement is still applied for 1060 
complex samples and particle types (Hougaard et al., 2013) and to validate new, automated 1061 
approaches (De Temmerman et al., 2014). It is however prone to operator bias, measures 1062 
only a limited number and types of measurands, and is relatively time-consuming and labour-1063 
intensive. In many cases, (semi-)automatic approaches are more efficient and accurate. 1064 
ISO 13322 provides a standardised description of the technique used to analyse particles, 1065 
including nano-objects, in static images, such as electron micrographs.  1066 

Specific guidance for TEM-based particle size and shape measurement is provided in ISO/PRF 1067 
21363 and CEN/TS 17273:2018. Many of these guidelines can be applied for SEM and STEM 1068 
analyses too. A typical image analysis consists of an image preparation step, the setting and 1069 
adjusting of the threshold value for particle detection, the definition of the detection area, the 1070 
setting of the detection parameters and the detection of nano-objects and the selection of 1071 
measurands and measurement of nano-objects (CEN/TS 17273:2018). 1072 

Approaches for image preparation, algorithms to suppress the background signal and to 1073 
identify constituent particles in aggregates and agglomerates are rapidly evolving. They should 1074 
be optimised for types of particles and overlap of particles (Wagner, 2016). 1075 

A range of size and shape measurands (descriptors) can be measured according to 1076 
ISO 92766:2008 in function of the purpose of the analyses, but reported measurands should 1077 
include, at least, an estimate of the minimal external particle dimension, such as the Feret 1078 
Min diameter, and the aspect ratio, quantifying the particles shape.  1079 



 

 

 
 

3.4.2.3. Representation of measurement results 1080 

ISO standards provide detailed guidelines for the representation of the results of analyses of 1081 
particle size (ISO 92762:2014 and ISO 92765:2005), particle shape and morphology 1082 
(ISO 92766:2008), the fitting of distributions (ISO 92763:2008) and the classification of 1083 
particles (ISO 92764:2001). Each report should present at least the number-based size and 1084 
shape distributions (Feret Min and aspect ratio), and the corresponding descriptive statistics 1085 
(Median, Q25, Q75, % <100 nm, % <250 nm) 1086 

The results should, as for any other quantitative analytical methods, be reported with an 1087 
estimate of the measurement uncertainty obtained in a validation study. Examples of EM 1088 
method validation studies are published by Dudkiewicz et al., 2015, Waegeneers et al., 2019, 1089 
Verleysen et al., 2019, and Verleysen et al., 2020. One of the factors that determine the 1090 
robustness of the measurements is the number of analysed particles. By the numerical method 1091 
of Masuda and Gotoh (1999) described in ISO 13322-1:2014 which assumes a log-normal 1092 
distribution of the relevant measurand, and by determining the relation between the number 1093 
of measured particles and the measurement uncertainty for the relevant measurand (De 1094 
Temmerman et al., 2013; De Temmerman et al., 2014; Verleysen et al., 2015), the number 1095 
of particles required to estimate a measurand with a known uncertainty can be objectified. 1096 

3.4.3 Considerations for materials with broad specifications 1097 

For the characterisation of the fraction of small particles of the marketed material as described 1098 
in Section 3.4.2, the following elements should be considered when materials with different 1099 
characteristics are marketed under the same specifications.  1100 

The specifications should include acceptable ranges for each physicochemical parameter 1101 
according to the Guidance on Nano-RA, and the applicant should provide safety data taking 1102 
into account and closely matching those ranges.  Manufacturing of a material by different 1103 
processes, or by the same process but under different conditions or by different 1104 
manufacturers, can potentially alter the physicochemical characteristics of the material. Where 1105 
data on different batches indicate a significant difference in the physicochemical 1106 
characteristics between batches, it is important that detailed specifications of the material 1107 
produced by different processes or conditions are provided by the applicant. The applicant 1108 
should also provide information on the characteristics of the test material used in the safety 1109 
studies. In case of incomplete characterisation of the test material, detailed information on 1110 
the production process and conditions should be provided. The applicant should also provide 1111 
information on the effect of ageing on the materials including particle agglomeration, 1112 
aggregation, and sedimentation behaviour. 1113 

The applicant should indicate the physicochemical characteristics considered worst case for 1114 
the safety assessment. Such a rationale should comprise considerations for toxicokinetics (e.g. 1115 
absorption, distribution, accumulation) as well as hazard. This exercise is similar to that of 1116 
read-across, as elaborated in Section 6.3 in the Guidance on Nano-RA. If such a rationale 1117 
cannot be provided, multiple representative materials would need to be investigated that cover 1118 
all physicochemical properties within the provided ranges. This may, for example, be the case, 1119 
when different shapes and surface coatings, coating thickness or surface properties are 1120 
present in the material according to the specifications provided by the applicant.  1121 



 

 

 
 

On the basis of this information, a risk assessor can decide whether the batch(es) used in 1122 
toxicity testing cover(s) the worst-case situation and therefore, can be used in risk assessment 1123 
of the material. For example, it can be checked whether a material that represents the size 1124 
distribution with the smallest particles sizes of the possible range has been tested, since these 1125 
materials can be assumed to be orally absorbed to a greater extent than materials composed 1126 
of larger particles and are typically more reactive due to their larger surface area.  1127 

For mixtures and formulations, a description should be provided to indicate the form in which 1128 
the material is present in a mixture or formulation, e.g. powder, dispersion. The information 1129 
should cover all components, as well as dispersants/stabilisers and other auxiliaries (e.g. 1130 
preservatives, processing aids, etc.) used. 1131 

4. Evidence to be submitted on safety studies conducted without 1132 

documented consideration of the properties of small particles  1133 

This Section focuses on the information to be provided on safety studies originally designed 1134 

for addressing conventional materials, in order to ensure that the possible adverse effects 1135 

linked to the fraction of small particles, including nanoparticles, can be identified by the study. 1136 

These studies are referred here as “existing safety studies”. 1137 

There are two essential conditions to be followed by the applicant, interested parties, and risk 1138 

assessors, regarding existing safety studies that were not originally designed to specifically 1139 

consider the presence of a fraction of small particles, including guideline studies and scientific 1140 

publications retrieved from literature reviews: 1141 

1. The available information should demonstrate that the test material includes the 1142 

fraction of small particles. In case of broad-range technical specifications of the bulk 1143 

material that is placed on the market, the full range of small particles or at least the 1144 

conditions representing the worst case, has to be covered by the test materials used 1145 

in the existing studies. 1146 

2. The study selection, study design and the level of dispersion of the test material, 1147 

should be appropriate for assessing the hazard of small particles including 1148 

nanoparticles.  1149 

 1150 

These elements are detailed in the Sections below. In addition, some recommendations are 1151 

provided for deciding how to gather additional information when the available studies do not 1152 

cover the possible hazards associated to the fraction of small particles. 1153 

4.1. Information to demonstrate that the tested materials used in the 1154 

existing safety studies included the fraction of small particles 1155 

A comparison of the characterisation of the particles (see Section 3) in the material as 1156 

marketed and in the material used for the safety studies should be presented for each study. 1157 

In line with the Guidance on Nano-RA and ECHA (2019), the information should include: 1158 

chemical composition (confirming identity or presenting the differences with that of the bulk 1159 

material), size, crystallinity, shape, purity, and surface modifications, if relevant. If this 1160 

information is lacking in the study report but the batch used as test material is still available 1161 



 

 

 
 

and the stability of the material, including its particle size distribution, can be confirmed, this 1162 

information should be generated.  1163 

If the test material is no longer available, the comparison should focus on the manufacturing 1164 

process in order to demonstrate that the test material was produced by the same 1165 

manufacturing process and current production conditions, and that the test material was in 1166 

compliance with the current material specifications. Information regarding the characteristics 1167 

of the fraction of small particles in the manufactured material, should include variability 1168 

between the batches from the same production process, and between batches from different 1169 

processes when applicable. If the manufacturing process has been modified, information 1170 

addressing the changes regarding the fraction of small particles, focusing on chemical 1171 

composition (confirming similarity or presenting the differences with that of the bulk material), 1172 

particle size distribution, crystallinity, particle shape, purity, and any particle surface 1173 

modifications should be provided. 1174 

For materials with considerable variability in particle size distribution, or in case of variations 1175 

between the tested material and the current specifications, the applicant should provide 1176 

justification that the tested material covers “worst case conditions” regarding the fraction of 1177 

small particles e.g. the test material contains a larger proportion of particles in the nanoscale 1178 

and/or higher level of dispersion of aggregates and agglomerates than the material intended 1179 

for the market. When comparing the characteristics of the test material with the specifications 1180 

of the material currently marketed, applicants may consider the principles for grouping and 1181 

read-across of different nanoforms of the same substance to support their conclusions19.  1182 

The applicant should provide at least the characterisation of the marketed material including 1183 

particle size distribution (see Section 3) and variability between production processes and 1184 

batches, and a comparison with the description available for the test material.  1185 

When the available information is insufficient for confirming the presence of the fraction of 1186 

small particles in the test material, a case-by-case judgement is required in order to decide if 1187 

a new toxicity study should be provided. Recommendations are presented under Section 4.3. 1188 

In addition to the studies conducted with the full material, safety studies conducted with the 1189 

fraction of small particles, or with a specific set of nanoparticles, are relevant for the risk 1190 

assessment, provided that the characteristics of the tested particles are as much as possible 1191 

similar to those of the equivalent fraction present in the marketed material. The possibility for 1192 

read-across may be considered when the characteristics of the tested particles deviate, in 1193 

terms of particle size or other features, from those reported for the particles present in the 1194 

marketed material.  1195 

 
19 ECHA (2017a,b,c; 2019) and several research projects, including GRACIOUS EU H2020, have proposed 
frameworks for the read-across of nanoforms and nanomaterials that could be adapted and used for comparing 
the characteristics of the fraction of small particles in marketed and tested materials. 



 

 

 
 

4.2 Adequacy of the study for assessing the hazards of the fraction of small 1196 

particles: selection, design and dispersion  1197 

In general, the safety studies, conducted according to the EFSA guidance documents and 1198 

OECD test guidelines for assessing the toxicity of conventional materials, are considered to 1199 

sufficiently cover the hazard assessment of small particles present in conventional materials 1200 

provided that the study duration is adequate and some specific precautions are implemented 1201 

to ensure sufficient dispersion of the nanoparticles, as described in Section 4.2.3. Additional 1202 

considerations are required for genotoxicity and toxicokinetics. 1203 

For repeated oral toxicity studies, the duration of exposure should be sufficient to address the 1204 

potential hazard of small particles. The sectoral guidances for food additives (EFSA ANS Panel, 1205 

2012), feed additives (EFSA FEEDAP Panel, 2017) and novel foods (EFSA NDA Panel, 2018), 1206 

consider a 90-day animal study (OECD TG 408) as the first tier for the assessment of toxicity. 1207 

The Guidance on Nano-RA considers that OECD TG 408 has sufficient duration for the safety 1208 

assessment of particles at the nanoscale; the appraisal of the capacity of OECD TG 408 1209 

guideline studies for addressing potential hazards related to the fraction of small particles 1210 

should focus on appropriate exposure, which is achieved by good dispersion as detailed in 1211 

Section 4.2.3. 1212 

The capacity of small particles to produce local effects, such as inflammation, at the site of 1213 

first contact should be considered. In case of oral exposures, this requires sufficient 1214 

information on the histopathological assessment of the GIT demonstrating for instance that 1215 

the epithelia of the different GIT parts and Peyer patches were examined. The OECD TG 408 1216 

describes the tissues to be covered for the histopathological assessment of the GIT; the area 1217 

covered by the assessment should be large enough, considering that possible local effects of 1218 

particles are expected to be less homogeneously distributed than those produced by the 1219 

soluble fraction. If inflammatory responses or other local lesions in the GIT are observed, the 1220 

possible role of the fraction of material present as small particles should be investigated. This 1221 

may require additional mechanistic studies to elucidate the mode of action of small particles.  1222 

4.2.1 Genotoxicity testing for materials containing a fraction of small particles  1223 

The applicant should submit results of two different in vitro assays on mammalian cells, one 1224 

covering induction of gene mutation and the other covering structural and numerical 1225 

chromosome damage, in line with Section 6.4 of the Guidance on Nano-RA (2018 revision). 1226 

In case of equivocal results the applicant should refer to EFSA guidance on genotoxicity (EFSA 1227 

SC, 2011; EFSA SC, 2017). 1228 

The bacterial AMES test is not a suitable method for assessing the genotoxicity potential of 1229 

the fraction of small particles; the mammalian cell mutagenicity test (OECD TG476) is an 1230 

appropriate alternative (see Section 6.4 of the Guidance on Nano-RA (2018)). It has been 1231 

shown that small particles are not taken up by the cellular system of the AMES test and this 1232 

may lead to a false negative result. However, in case of an already available AMES test, a 1233 

positive result should not be disregarded, as this may be linked to indirect genotoxic effects 1234 



 

 

 
 

due to extracellular induction of reactive oxygen species or to the genotoxic potential of the 1235 

dissolved fraction or degradation products. 1236 

4.2.2. Toxicokinetic studies for materials containing a fraction of small particles 1237 

It should be considered that the dissolved and particulate fractions of the conventional 1238 

material may have different toxicokinetic behaviours. In particular, the potential uptake of 1239 

particles in the nanoscale by size-specific pathways in the GIT epithelia and accumulation in 1240 

tissues should be investigated (e.g. see Section 6.6 in Guidance on Nano-RA). In addition to 1241 

the general consideration on a sufficient level of dispersion (see Section 4.2.3), specific 1242 

assessment is needed regarding the study duration and the sensitivity of the analytical 1243 

methods used for determining the content of test material in tissues, e.g. ICP-MS (Aureli et 1244 

al., 2020), as the pathways for particle uptake require more time and provide lower absorption 1245 

rates than those for dissolved chemicals. Otherwise, the absorption may have remained 1246 

undetected. The presence of small particles/nanosized particles may be studied quantitatively 1247 

by single particle ICP-MS (Tassinari et al., 2014; Talamini et al., 2019; Peters et al., 2020), 1248 

whereas ultrastructural localisation in tissues requires visual methods, e.g. electron 1249 

microscopy, enhanced darkfield microscopy (Modrzynska et al., 2018) or enhanced darkfield 1250 

hyperspectral microscopy (Campbell et al., 2017). The two latter methods can be applied on 1251 

hematoxylin and eosin-stained tissue samples, which are used for microscopic diagnostic of 1252 

changes in toxicity studies. . 1253 

The applicant should evaluate and provide the available experimental data, e.g. ADME 1254 

information from administration of different doses or comparison of concentrations in organs, 1255 

such as liver or spleen, observed after exposure to several doses, to get an insight into 1256 

whether the absorption of the material is dose-dependent.  1257 

4.2.3. Adequacy of the study design of existing studies for covering the hazard 1258 

assessment of the fraction of small particles 1259 

In addition to ensuring that the fraction of small particles was present in the test material, 1260 

information on the design and performance of any existing toxicity study is required to ensure 1261 

that the study had addressed the specific characteristics of particles in the nanoscale. These 1262 

should include information on preparation of the test material to understand whether or not 1263 

it would have minimised aggregation/agglomeration of the particles, the matrix/vehicle used, 1264 

and the method of administration.   1265 

As indicated in the Guidance on Nano-RA for in vivo oral studies, gavage or administration 1266 

with food and through drinking water may be used and the method selection should be in line 1267 

with the expected route of oral exposure. The applicant who submits an existing study should 1268 

therefore justify the administration route used, describe the sample preparation and dispersion 1269 

of the tested material, focusing on the potential for aggregation and agglomeration of the 1270 

fraction of small particles and provide results of analyses at the achieved concentrations, and 1271 

particle size distribution in the matrix/vehicle.  1272 



 

 

 
 

The information on solubility and dissolution rate of the test material, to be provided in line 1273 

with the requirements in Section 2 of this Guidance, and the information for each study to be 1274 

reported according to OECD test guidelines, are the starting points for assessing whether or 1275 

not a sufficient level of dispersion was achieved. Appendix II summarises the information to 1276 

be extracted and reported by the applicant for each existing study based on the current OECD 1277 

test guidelines. Studies that were conducted under other guidelines or non-guideline protocols 1278 

should be assessed on a case-by-case basis for analogy with the OECD test guideline 1279 

requirements prior to being used for submission. 1280 

It needs to be kept in view that higher doses may result in a higher degree of particle 1281 

agglomeration compared to lower doses. On the other hand, for materials that show some 1282 

degree of solubility, the fraction of particles that is dissolved compared to that that maintain 1283 

particulate nature depends on the concentration of the material dispersed in the testing 1284 

medium to achieve the intended dose. Consequently, where complete dissolution is not 1285 

expected from the doses used in an existing study, the assessment of solubility/dissolution 1286 

rate, dispersion, aggregation and agglomeration, should be conducted separately for each 1287 

dose. 1288 

The following principles should be considered by the applicant for evaluating the suitability of 1289 

existing in vivo studies: 1290 

1. The lack of turbidity or a precipitate should not be taken as proof of full dissolution 1291 
because particles in the nanoscale may not be detected as turbidity or as a precipitate 1292 
visible by eye or with the aid of an inverted microscope. 1293 

2. If solutions/suspensions had been prepared during sample preparation for an existing 1294 
study, the presence of small particles in the dispersion should be assumed for all 1295 
concentrations exceeding the measured solubility (see Section 2).  1296 

3. Further dissolution in the GIT of the experimental animals could be considered when 1297 
using the existing study. A pH value of 3 in the stomach and pH value of 7 for the 1298 
intestine may be considered for material which solubility is pH-dependent (Ward and 1299 
Coates, 1987). The water content in the gastrointestinal tract has been estimated in 1300 
the order of 1 mL for the mouse and between 8 (fed) and 3 (fasted) mL for the rat 1301 
(McConnell et al., 2008).  1302 

4. For multi-constituent substances and mixtures, the solubility of each 1303 
constituent/component should be assessed independently when interpreting the 1304 
adequacy of the existing studies and drawing conclusions from them.  1305 

5. For materials that show some degree of solubility, when the material was only partially 1306 
solubilised (i.e. remained in part as particles) but was properly dispersed, the results 1307 
are relevant for the safety assessment. The use of dispersion agents is generally 1308 
expected to increase the level of particle dispersion and reduce agglomeration. 1309 

6. If the test material is still available and the stability is ensured, the applicant may 1310 
consider repeating the dose preparation method used in the existing study and check 1311 
for the presence of particles and the level of dispersion achieved at each dose, using 1312 
EM or other suitable methods (see Section 3 for details).  1313 



 

 

 
 

For in vitro studies, if the level of dispersion, investigation of cellular uptake, and other 1314 

considerations ensuring a proper coverage of the fraction of small particles, cannot be verified, 1315 

the study should be repeated.  1316 

Following the considerations of the issues described above, the applicant should provide, for 1317 

each relevant existing study, a detailed assessment of the capacity of the study for detecting 1318 

and covering the fraction of small particles with properties in the nanoscale. 1319 

4.3. Criteria for requiring new studies and setting the assessment and 1320 

testing strategy 1321 

When the applicant cannot demonstrate that the existing safety studies offer a proper 1322 

coverage for assessing the hazards and risks of the fraction of small particles, additional 1323 

considerations during the risk assessment are needed in order to decide if additional tests in 1324 

line with the Guidance on Nano-RA (EFSA SC 2018, under update) are needed, particularly 1325 

when the decision requires the replication of an existing in vivo study.  1326 

The need for new studies may be triggered by different reasons. These include the quality 1327 

(i.e. reliability, relevance and level of reporting) of the existing study results, as well as 1328 

concerns about the representativeness of the test material relative to the marketed or 1329 

intended to be marketed material. In addition, updates of the guideline protocols, e.g. the 1330 

2018 update of the OECD TG 408 for addressing concerns on endocrine disruption, should be 1331 

used in the weight of evidence for deciding if a new study is necessary.  1332 

When the existing toxicity studies are considered reliable and sufficient for assessing the safety 1333 

of the bulk material, but the information on the presence of the fraction of small particles is 1334 

lacking or only partially available, the applicant should: 1335 

1. Summarise the available information, in particular: 1336 

1.1. the results of the safety assessment of the conventional material; 1337 

1.2. the characteristics of the fraction of small particles (Section 3); and 1338 

1.3. the areas of the safety assessment (e.g. genotoxicity, toxicokinetics, repeated oral 1339 

toxicity, etc.) covered by studies with identified gaps for addressing the fraction of 1340 

small particles (Section 4); 1341 

2. Identify, in a weight of evidence approach, the areas where safety can be demonstrated 1342 

for the conventional material but there are still concerns regarding the fraction of small 1343 

particles in the nanoscale; 1344 

3. For those areas of the safety assessment with insufficient coverage of the fraction of small 1345 

particles: 1346 

3.1. develop an Integrated Testing and Assessment Strategy (IATA) (OECD, EC, Sakuratani 1347 

et al., 2018) to address the gaps and integrating the assessment of the fraction of 1348 

small particles in the conventional assessment; or 1349 

3.2. conduct a complementary assessment for the fraction of small particles at the 1350 

nanoscale in line with the Guidance on Nano-RA. 1351 

 1352 

http://www.oecd.org/chemicalsafety/risk-assessment/iata-integrated-approaches-to-testing-and-assessment.htm
https://ec.europa.eu/jrc/en/eurl/ecvam/alternative-methods-toxicity-testing/iata


 

 

 
 

The assessment under point 2 above requires the integration of a large number of lines of 1353 

evidence, thus it is not feasible to address all possible combinations of such lines of evidence 1354 

in this Guidance on Particle-TR. Some general recommendations and a non-exhaustive set of 1355 

examples on the combination of different pieces of evidence are provided below, covering 1356 

some typical cases. 1357 

The first consideration is related to the homogeneity of the material. The characterisation 1358 

under Section 3, may provide evidence that the marketed material (a substance or a mixture) 1359 

has a small particle fraction that differs from the rest of the material in terms of particle size 1360 

distribution, particle shape, crystal structure, chemical composition, or a combination of more 1361 

than one of these features. In these cases, the existing 90-days oral studies should always be 1362 

complemented with the required provisions (Section 4) for addressing the fraction of small 1363 

particles; and if needed, with new safety studies addressing the effects of small particles 1364 

according to the Guidance on Nano-RA are needed. 1365 

When size is the only difference between the fraction of small particles and larger particles, 1366 

the applicant may consider the available information on chemical composition, toxicity and 1367 

toxicokinetics, as exemplified for some typical cases in Table 3. 1368 

When no toxicity or unclear indications are observed in the safety studies, the applicant may 1369 

consider complementary information in a weight of evidence approach to address some 1370 

concerns.  1371 

Table 3. Non-exhaustive set of examples of observations and additional information for 1372 

combining the different pieces of evidence regarding the coverage of the fraction of small 1373 

particles by the conventional risk assessment 1374 

Observations from 

existing  toxicity 

studies 

Observations from 

existing 

toxicokinetic 

studies 

Additional 

information 

 Conclusion from 

the pieces of 

evidence 

Existing 90 d oral 

studies cannot be 

complemented with 

the required provisions 

(Section 4) for 

addressing the fraction 

of small particles in the 

nanoscale 

 The marketed material 

(a substance or a 

mixture) has a small 

particle fraction that 

differs from the rest of 

the material in terms of 

particle size 

distribution, particle 

shape, crystal 

structure, chemical 

composition, or a 

combination of more 

than one of these 

features. 

Safety studies 

addressing the effects 

of small particles 

according to the 

Guidance on Nano-RA 

are needed 



 

 

 
 

Local toxicity in the GIT 

observed 

 Chemical composition 

indicates that the 

soluble/degradation 

products are of low 

toxicity 

Effects likely 

associated to small 

particles, specific 

assessment needed 

according to SG 

Systemic toxicity with 

dose-response 

observed in oral 

studies 

Significant absorption 

at toxic doses 

Chemical composition 

of the fraction of small 

particles similar to bulk 

material 

Conventional risk 

assessment offers 

sufficient coverage for 

the fraction of small 

particles 

Some systemic toxicity 

observed in oral 

studies but no clear 

dose-response 

Low or negligible 

absorption in standard 

toxicokinetic studies 

 Safety studies 

addressing the effects 

of small particles 

according to the 

Guidance on Nano-RA 

are needed 

No toxicity observed in 

oral 90 d studies  

Significant absorption 

in the GIT 

Chemical composition 

of the fraction of small 

particles similar to bulk 

material 

Conventional risk 

assessment offers 

sufficient coverage for 

the fraction of small 

particles 

No toxicity observed in 

oral 90 d studies 

Negligible absorption 

but no information on 

accumulation of 

particles in  

toxicokinetic studies 

Chemical composition 

of the fraction of small 

particles similar to bulk 

material 

Toxicokinetic studies 

according to SG are 

needed for confirming 

the negligible 

absorption and 

absence of 

accumulation of the 

small particles 

No toxicity observed in 

oral 90 d studies 

 Low toxicity confirmed 

following repeated 

dose parenteral (e.g. 

intravenous) 

administration 

Conventional risk 

assessment offers 

sufficient coverage for 

the fraction of small 

particles, except for 

local effects in the GIT 

 1375 

In some cases, and before conducting a full assessment for the fraction of small particles in 1376 

line with Guidance on Nano-RA, the applicant may develop an Integrated Testing and 1377 

Assessment Strategy (IATA) for addressing the identified gaps and integrating the assessment 1378 

of the fraction of small particles in the conventional assessment. The opportunity for 1379 

addressing the gaps through New Approach Methodologies (NAM), including in vitro or other 1380 

alternative methods, avoiding or minimising the use of experimental animals, should be 1381 



 

 

 
 

considered. For some processes and sectoral legislation the applicants may consider support 1382 

from EFSA in line with the EFSA Catalogue of services (EFSA, 2016) or the new provisions for 1383 

pre-submission advice under the Transparency Regulation. 1384 

Where the applicant cannot demonstrate that the conventional safety assessment addresses 1385 

properly the fraction of nanoparticles, an assessment focusing on the fraction of small particles 1386 

with nanoscale characteristics should be conducted in line with Guidance on Nano-RA (2018) 1387 

and submitted within the dossier. 1388 

When differences in the toxicokinetic and/or toxicodynamic properties are known between the 1389 

fraction of particles at the nanoscale and the rest of the material, both whole mixture 1390 

approaches and component‐based approaches can be applied, adapting the general principles 1391 

for assessing mixture toxicity described in the EFSA Scientific Committee Guidance on 1392 

harmonised methodologies for human health, animal health and ecological risk assessment of 1393 

combined exposure to multiple chemicals (EFSA SC, 2019). The component-based approaches 1394 

can also be used when differences in the toxicokinetic and/or toxicodynamic properties, due 1395 

to particle size, crystallinity, or other properties, are observed between different fractions of 1396 

particles at the nanoscale, contained in the marketed material. When the component-based 1397 

approach is used, the dose addition method should be the default assumption. 1398 

5. Recommendations for conducting new studies on materials consisting 1399 

on or containing a fraction of small particles 1400 

When conducting new studies, applicants and other interested parties, including contract 1401 

laboratories, should check the presence of a fraction of small particles in the material. A 1402 

solubility test according to the provisions in Section 2.3.1 should be conducted, considering 1403 

the special provisions for materials with solubility lower than 33.3 g/L. If the criterion for 1404 

solubility is not met, a dissolution rate study according to the provisions in Section 2.3.2 should 1405 

be considered. 1406 

The presence of a fraction of small particles in the nanoscale should be considered for all 1407 

concentrations above the material’s own solubility limit. If the material does not meet the 1408 

decision criteria presented in Sections 2 and 3 of this Guidance on Particle-TR, the 1409 

recommendations of the Guidance on Nano-RA for the genotoxicity testing, the assessment 1410 

of toxicokinetic characteristics and the design of in vivo studies should be followed with regard 1411 

to the characterisation, dispersion and assessment of any potential accumulation of the 1412 

fraction of small particles. 1413 

The characterisation of the material as marketed, including the particle size distribution and 1414 

the variability between batches, and the characterisation of the sample used in the study 1415 

should be included in the study report (see Section 3 and Appendix I for details on how to 1416 

report quantitative EM); the adaptations of the study design for ensuring its applicability for 1417 

assessing materials containing small particles should be presented in the protocol and the 1418 

study report. The need for electron microscopy examination of samples with the aim to 1419 

demonstrate the presence of small particles in tissues should be considered in the study 1420 

protocol. 1421 
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APPENDIX I. Particle size distribution of the constituent particles 1771 

When the solubility and dissolution rate studies confirm that consumers will be exposed to 1772 

particles, the applicant will need to document the presence or absence of small particles, or 1773 

of a fraction of small particles, including nanoparticles, in the material and/or in the final 1774 

regulated food and feed products, and to characterise this fraction. Particle size distribution 1775 

of the constituent particles of the material has to be provided, including the meta-information 1776 

necessary to evaluate these data. This information may have legal consequences and should 1777 

therefore be based on robust and precise data and be supported by applying scientifically 1778 

sound criteria to the outcomes of the analysis.  1779 

The methods and measurement techniques applied to measure particle size distributions can 1780 

be based on considerably different measurement principles, and the level of detail that they 1781 

provide and their region of applicability may also differ considerably. These aspects are 1782 

reviewed in Mech et al., 2020a. Likewise, there is an overwhelming diversity of materials that 1783 

potentially contain a fraction of small- or nano-sized particles, with a wide spectrum of 1784 

physicochemical properties. For most materials, methods are available that allow to determine 1785 

the presence or absence of small particles, including nanoparticles. The suitability of different 1786 

methods is reviewed in Rauscher et al. 2019a and Mech et al. 2020a,b and examples of 1787 

standard operating procedures are provided in Mech et al. 2020c.  1788 

There are a number of issues that should be considered when assessing the appropriateness 1789 

of the analysis method and the outcome. When selecting and implementing a method suitable 1790 

to experimentally assess the presence of small particles the following requirements need to 1791 

be met: 1792 

Sufficient physicochemical information on the material needs to be available  1793 

Basic physicochemical information on the material to be assessed should be obtained and 1794 

considered before a measurement of the particle size distribution is performed, including 1795 

chemical composition, dispersibility, particle shape, expected size range, aggregation and 1796 

agglomerations status, and other properties that could affect the choice of size measurement 1797 

techniques. Guidance to describe the physicochemical properties based on descriptive EM 1798 

analysis are described in 3.3.1.6. Guidance on other methods is provided in Mech et al. 2020c. 1799 

The selected technique is compatible with the material  1800 

The measurement technique(s) to be applied must be compatible with the material. For 1801 

example, if the measurement or preparation conditions induce changes in the particle size 1802 

distribution of the material, the method should not be used to assess the particle size. The 1803 

physicochemical properties of a material should therefore be matched with the capabilities of 1804 

the techniques and the measurement conditions. Reference to guidances, papers, examples. 1805 

The selected technique should provide confirmatory information allowing conclusive 1806 

assessment 1807 



 

 

 
 

Although screening methods may provide a more affordable, cost-efficient indication that the 1808 

material contains a fraction of small particles, a conclusive assessment cannot be achieved by 1809 

screening methods only and requires a more elaborate analysis using confirmatory method 1810 

such as quantitative EM (3.4) (Rauscher et al., 2019a; Mech et al. 2020b). 1811 

The applied methods should be validated in line with (ISO). Methods for which (international) 1812 

documentary standards exist, or those that are internationally recognized are preferred. A 1813 

non-exhaustive overview of relevant (international) documentary standards is given in Mech 1814 

et al. (2020b). The applied methods should be validated according to the guidance of ISO 1815 

5725-1:1994 and ISO 5725-2:2019.The user should ensure the robustness and reliability 1816 

(trueness) of the method by applying good measurement practices. This should be provided 1817 

along with estimate of the uncertainty of the measurement results. Examples of the validation 1818 

of particle sizing methods are provided in Linsinger et al., 2013, De Temmerman et al., 2013 1819 

and Verleysen et al., 2019. 1820 

The number of analysed particles should be sufficiently high to obtain precise results. 1821 

Approaches to determine a suitable particle number are described in (CEN/TS 17273) The 1822 

outcome of the analysis has to be accompanied by all meta-data necessary for assessing the 1823 

reliability of the data. The analysis outcome needs to be supported with the information on 1824 

how the analysis was performed. Precise and detailed information on meta-data are pivotal 1825 

to ensure the proper assessment of the robustness and reliability of the generated data and 1826 

is necessary to guarantee reproducibility and comparability of the measurement outcomes. 1827 

For instance, for the purpose of data comparability, the exact details of all steps involved in a 1828 

dispersion protocol, the equipment and measurement procedure applied should be reported.  1829 

The type of raw data produced by the selected method should allow a true and precise 1830 

estimation of the constituent particle size distribution. 1831 

Depending on the measurement principle of a method different types of raw data are 1832 

produced. When choosing a method, the analyst must be aware of the type of size distribution 1833 

of raw (primary) data a technique yields, i.e., whether the technique provides a number-, 1834 

mass- or scattered light intensity-based distribution or any other type of quantity, and whether 1835 

the technique counts individual particles or measures ensembles of particles instead.  1836 

If the technique does not provide a number-based size distribution as raw data, the analyst 1837 

must be aware of the potential uncertainties and bias that are involved when converting 1838 

another type of distribution into a number-based size distribution.  1839 

The analysed samples have to be representative for the original material  1840 

The outcome of the sample analysis should be applicable to the whole material. Nearly all 1841 

particle measurement techniques involve a degree of subsampling to perform the analysis. It 1842 

is therefore essential to ensure appropriate subsampling of the material from the bigger batch 1843 

so the analysed sample can be considered representative. The sampling method, as well as 1844 

the sample preparation and the analysis methods need to be selected such that the fraction 1845 



 

 

 
 

of small particles is representatively sampled. Specific guidance regarding sampling is provided 1846 

in ISO 14488:2007.  1847 

The applied sample preparation has to be appropriate for the intended method  1848 

Sample preparation is an essential step in the process of making measurements of the particle 1849 

size distribution which must be efficient, reproducible and deliver a particle size distribution 1850 

which is as close as possible to the true distribution of the constituent particles. Different 1851 

materials often require different sample preparation conditions that can have an impact on 1852 

the observed particle size and particle concentration. Therefore, the effectiveness of the 1853 

employed sample preparation method for the intended method and stability of the dispersion 1854 

should be verified.  1855 

The useful (size) range of the performed analysis method needs to be suitable for the analysed 1856 

(sub)sample. 1857 

The determined particle size distribution should be a reliable representation of the true 1858 

distribution of the size of the constituent particles of the material. This means that the 1859 

measurements should be performed in a size range in which all involved particles can be 1860 

analysed. Thus, the upper and lower limits in which given sample should be analysed are 1861 

determined by the presence of its biggest and the smallest constituent particles. For example, 1862 

when considering an electron microscopy technique, if the variation of particle size in the 1863 

analysed sample is very large (i.e. polydispersed materials), then the results of images taken 1864 

at different magnifications may need to be combined to assure correct determination of the 1865 

median of the particle size distribution. Guidelines specific for  1866 

Bias related due to the selection of a sampling, sample preparation and analysis method 1867 

should be avoided. Therefore, In certain cases, such as for materials with a high size 1868 

polydispersity, different sampling, sample preparation and analysis methods are required to 1869 

characterize (sub)fractions of differently sized particles of a material. Approaches to represent 1870 

and evaluate the resulting different size distributions are discussed in ISO 9276-2:2014, ISO 1871 

9276-3:2008, ISO 9276-4:2001, ISO 9276-6:2008, ISO 9276-5:2005 Table AI. 3 includes a 1872 

tabulated summary for efficient reporting of the descriptive EM results assuring uniformity in 1873 

reporting, reducing misunderstandings by suggesting a set of possible descriptions. 1874 

1875 



 

 

 
 

Table AI-1. Example of a scheme for systematic reporting of descriptive EM analyses 1876 

(Adapted from Mast et al., 2020)  1877 

1) Description of the material, batch and sample 1878 

a) Provide information on the material (chemical composition, batch, molecular formula, 1879 

molecular weight, CAS No., stability, purity, and physicochemical properties) 1880 

b) Provide information on the selection of the sample and the preparation of the specimen 1881 

for the EM analysis 1882 

c) Confirm that a quantitative EM analysis is feasible and provide evidence on the 1883 

following aspects: 1884 

i) the EM specimen is representative for the sample, and, 1885 

ii) the particles are evenly distributed over the grid, and, 1886 

iii) the particles can be distinguished from the background and matrix. 1887 

 1888 

2) Presence of impurities 1889 

a) Describe the level of purity 1890 
i) the sample is pure, no impurities are found 1891 
ii) occasionally an impurity is observed 1892 
iii) nanoparticles are embedded in a matrix 1893 
iv) between the impurities the NP are visible 1894 
v) micrographs only contain impurities, no nanoparticles are observed 1895 

b) If impurities are observed, include a description of the impurities 1896 

 1897 

3) Describe the findings regarding the level and characteristics of aggregation/agglomeration 1898 

a)  State 1899 

i) The particles are individual particles 1900 

ii) The particles are agglomerated/aggregated and contain X to Y particles per 1901 

agglomerate 1902 

 1903 

b) Size 1904 

i) Estimated size: 1905 

(1) approximately X nm 1906 

(2) ranging from X nm to Y nm 1907 

ii) The minimal aggregate/agglomerate size is … 1908 

 1909 

c) Shape: describe shape according to Figure AI-1A 1910 

i) Spheroidal 1911 

ii) Ellipsoidal 1912 

iii) Linear 1913 

iv) branched/dendritic 1914 

 1915 

4) Describe the characteristics of the primary particles 1916 

a) Type of polydispersity: 1917 

i) Monomodal distribution 1918 



 

 

 
 

ii) Bimodal distribution 1919 

iii) Trimodal distribution 1920 

iv) Polymodal or broad distribution 1921 

 1922 

b) Estimation of size  1923 

i) approximately XX nm 1924 
ii) smaller than XX nm 1925 
iii) ranging from XX nm to XX nm 1926 
iv) XX ± XX nm for N = XX 1927 
v) The minimal constituent particle size is … 1928 

 1929 

c) Crystal structure 1930 

i) Particles show diffraction contrast suggesting a crystalline structure 1931 
ii) Particles show no diffraction contrast suggesting an amorphous structure 1932 

 1933 

d) Describe 2D shape according to the taxonomic hierarchy of 2D shapes in Figure AI-2 1934 

 1935 

e) Describe 3D shape according to the taxonomic hierarchy of 3D shapes in Figure AI-2 1936 

 1937 

f) Surface topology: describe surface topology according to Figure AI-1B 1938 

 1939 

 1940 
 1941 

1942 



 

 

 
 

 1943 
Figure AI-1: Description of the shape of aggregates/agglomerates (A) according to López-1944 

de-Uralde, and of the surface topology of constituent particles (B; sphericity and shape factor) 1945 

according to Krumbein and Sloss. These figures correspond to Figures 3 and 5, respectively, 1946 

of the  NANoREG Deliverable 2.10 available at 1947 

http://portal.s2nano.org:8282/files/TEM_protocol_NANoREG.pdf 1948 

 1949 

1950 

http://portal.s2nano.org:8282/files/TEM_protocol_NANoREG.pdf


 

 

 
 

 1951 
 1952 
 1953 
 1954 

 1955 

 1956 

 1957 

 1958 

 1959 

 1960 

 1961 

 1962 

 1963 

 1964 

 1965 

 1966 

 1967 

Figure AI-2: Description of the shape of constituent particles in 2D and 3D according to 1968 

Muñoz-Mármol et al. 2015. These figures corresponds to Figures S1 and S2 in the 1969 

Suplementary data of https://doi.org/10.1016/j.nano.2014.07.006 1970 

and are protected by copyright, the inclusion is pending on the ongoing authorisation process 1971 

by the copyright owner. 1972 

1973 

These figures corresponds to Figures S1 

and S2 in the Supplementary Data of 

the publication: 

https://doi.org/10.1016/j.nano.2014.07

.006 

and are protected by copyright, the 

inclusion in the final document is 

pending on authorisation by the 

copyright owner. 

https://doi.org/10.1016/j.nano.2014.07.006
https://doi.org/10.1016/j.nano.2014.07.006
https://doi.org/10.1016/j.nano.2014.07.006


 

 

 
 

APPENDIX II. Summary of the information to be provided for each safety study 1974 

according to the requirements presented under Section 4.   1975 

Table AII-1. Best practices for extracting and reporting information from existing 1976 

safety studies. Similar steps can be used and adapted for presenting information 1977 
from in vitro studies. 1978 

   1979 
Elements to be extracted from the study report 

of in vivo studies  
Related info to be reported by 

applicants  
Test material1  • Info on chemical identity of the 

test material, purity, 
batch, physicochemical properties 

including solubility  

• Chemical identity, purity, form 

used in the study (powder, liquid, 
dispersion, etc) 

• Solubility, dissolution rate2 of the 

marketed material  

• Particle size distribution3 and 
characterisation of the fraction of small 

particles in the marketed material  

• Particle size distribution3 and 
characterisation of the fraction of small 

particles for the test material used in 

existing studies if the sample is still 
available   

• If the material is not available, 

provide information on the similarity of the 
test and marketed materials  

Test material 

preparation   
  

• Details on the test material 
preparation, indicating if the material 

was expected to be fully solubilised or 
dispersed  

• Justification for the choice 

of any solvents or vehicles used  

• Info on methods used for 

ensuring solubility or 
proper dispersion,  stability and 

homogeneity of the test material in 
the media and possible signs 

of precipitation if noticed  

• Comparison of the concentrations 
at different steps of sample preparation 

with the limits of solubility of the material2  

• Assessment of the level of 
dispersion4for preparations 

above the solubility limits.   

Preparation of 
doses  

• Rationale for dose level 

selection5  

• Details on the preparation 

of doses  indicating if the material 

was expected to be fully solubilised or 

dispersed at each dose and dilution  
• Justification for the choice 

of any solvents or vehicles used  

• Info on the methods used for 

ensuring solubility or 
proper dispersion,  stability and 

homogeneity of the test material (and of 
the test material in the solvent if 

• Comparison of the concentrations 

for each final dose level with the limit 
of solubility2  

• Assessment of the level of 

dispersion4 at each dose for doses above 
solubility limits.   
• For doses not fully dispersed, 

consider to correct the doses for the 

solubilised proportion to 
take account of the potential bioavailability 

of the particles  

• If testing material is still 
available, consider replication of the dose 

preparation to check the level of 



 

 

 
 

used), and possible signs 
of precipitation if noticed at each dose 

and dilution  

dispersion by EM or other suitable 
method   

Test material 
administration  

• Rationale for the selection of the 

administration method (e.g. by gavage, 
with diet or drinking water) and 

relevance to the intended uses  

• Details on the administration of 

the test material  

• Assess expected level of 

solubilisation for each dose 
considering potential further dissolution 

in GIT conditions 

of the experimental animals and results of 
the dissolution rate study  

• Report dose-response relationship 

for the nominal and corrected dose levels  
1For multi-constituent substances and mixtures, each constituent/component should be assessed independently.  1980 
2Info provided should be in line with Section 2 of the Guidance on Particle-TR.  1981 
3Info provided should be in line with Section 3 of the Guidance on Particle-TR.  1982 
4Note that full dispersion cannot be observed by visual examination or with the aid of an inverted microscope.  1983 
5Note that higher doses may show a higher degree of agglomeration as compared to lower doses.  1984 
 1985 
 1986 


