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Abstract 9 

In response to the request of the European Commission to EFSA, this document provides guidance on 10 
the information necessary to perform the risk assessment of plant protection active substances that 11 
contain stereoisomers in its composition as active components or impurities. The guidance should also 12 
be used for active substances that without containing any stereogenic element may generate 13 
transformation products or metabolites that do contain them. As a general principle, stereoisomers 14 
need to be treated as different chemical components for the risk assessment. Current data 15 
requirements in EU regulatory framework (Regulation (EC) No 1107/2009) already establish that the 16 
substance tested should match the technical specifications (including its isomeric composition) and 17 
that formation and effects of metabolites, degradation and transformation products should be 18 
investigated (which certainly includes the case when transformation products are stereoisomers). 19 
Experience gained during the application of EU pesticides regulation, has shown that guidance may be 20 
needed to provide applicants and evaluators advice on how to generate and assess the required data. 21 
Also, guidance is needed on how to make the best use of the available information to perform the risk 22 
assessment of these substances, particularly in situations when the information on individual isomers 23 
is not available or difficult to obtain, with the primary objective to reduce the need of repeating 24 
vertebrate animal testing. This guidance does not aim to provide specific technical advice on 25 
methodological issues (e.g. methods of analysis). In this guidance, the Regulation (EU) 283/2013 on 26 
the data requirements for the plant protection active substances is reviewed and recommendations 27 
are given on how to best address and assess data requirements to the situation of active substances 28 
containing stereoisomers.  29 
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Summary 55 

In October 2016 the European Commission sent a request to EFSA to produce an EFSA 56 

guidance that addresses appropriate practice for completing risk assessments for active 57 

substances of plant protection products that have isomers and for transformation products of 58 

any active substances where these transformation products may have isomers. The users of 59 

the guidance will be applicants, consultants preparing applications, competent authorities of 60 

the Member States and EFSA staff. This guidance makes use of the considerations already 61 

made regarding stereoisomers in the EFSA (2012) panel on plant protection products and 62 

their residues (PPR) scientific opinion on evaluation of the toxicological relevance of pesticide 63 

metabolites for dietary risk assessment.  64 

Stereoisomerism is a frequent and well-known relationship among chemical substances at 65 

the molecular level. Stereoisomers are substances that share the same molecular formula, 66 

connectivity and bond multiplicity, and differ in the spatial arrangement of two or more 67 

atoms. A considerable number of agrochemicals present stereogenic elements in their 68 

molecular structure (i.e. single atom, and axis or a plane with an asymmetric configuration) 69 

that give rise to a number of potential stereoisomers. When this occurs, active substances of 70 

plant protection products are marketed either as a more or less purified stereoisomer or as a 71 

mixture of them. The nature of the isomers in the active substance should be taken into 72 

consideration when the risk assessment is performed. A number of cases may be found in the 73 

scientific literature where the differences on toxicological and environmental properties of 74 

stereoisomers have a potential impact on the outcome of the risk assessment (Wong, C.S., 2006 and 75 

references there in). As a general principle, stereoisomers need to be treated as different chemical 76 

components for the risk assessment. Current data requirements in EU regulatory framework 77 

(Regulation (EC) No 1107/2009) already establish that the substance tested should match the 78 

technical specifications (including its isomeric composition) and that formation and effects of 79 

metabolites, degradation and transformation products should be investigated (which certainly includes 80 
the case when transformation products are stereoisomers). Experience gained during the application 81 

of EU pesticides regulation, has shown that guidance may be needed to provide applicants and 82 

evaluators advice on how to generate and assess the required data. Also, guidance is needed on how 83 
to make the best use of the available information to perform the risk assessment of these substances, 84 

particularly in situations when the information on individual isomers is not available or difficult to 85 

obtain, with the primary objective to reduce the need of repeating vertebrate animal testing. In this 86 
guidance, the Regulation (EU) 283/2013 on the data requirements for the plant protection active 87 

substances is reviewed and recommendations are given on how to best address and assess data 88 

requirements to the situation of active substances containing stereoisomers. One special situation are 89 
active substances that without containing any stereogenic element may generate transformation 90 

products that do contain them. On those cases, it is appropriate to refer to metabolites containing 91 

stereoisomers. For these substances, the guidance will not be applied to the active substance but will 92 
still be needed to assess its metabolites. The guidance does not aim to provide specific technical 93 

advice on methodological issues (eg. methods of analysis). 94 

 95 
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1. Introduction  154 

1.1. Background and Terms of Reference as provided by the requestor 155 

 156 

Background 157 

 158 

The current data requirements for plant protection products, establish that the active substance tested 159 

should match the technical specification (including its isomeric composition) and that formation and 160 
effects of metabolites, degradation and reaction products should be investigated. This does not 161 

exclude the case when metabolites / transformation products are isomers of the active substance / 162 

are constituted by active substance components of a different isomer ratio to that defined by the 163 

technical specification. It is also specifically indicated that it is necessary to ‘establish the isomeric 164 

composition and possible metabolic conversion of the isomers when relevant’ and that for active 165 

substances ’the relative biological activity of each isomer, both in terms of efficacy and toxicity, shall 166 
be reported’. Thus, the information provided must be sufficient to permit an assessment of the nature 167 

and extent of the risks for man, and the identification of non-target species likely to be at risk from 168 

exposure to the active substance and/or its metabolites, where they are of toxicological or 169 
environmental significance taking account of their fate and behaviour in domesticated animals used in 170 

food production and the environment, including plants.  171 

It has been estimated that around 25% of agrochemicals possess at least one asymmetric centre or 172 

other stereogenic element in their molecular structure. EFSA in its conclusions on pesticide active 173 

substances and reasoned opinions on setting or modifying maximum residue levels (MRLs), currently 174 

identifies the concern that assessments are not finalised, where further information is considered 175 

necessary on the behaviour of stereoisomers in plants, animals and the environment and or effects on 176 
non-target organisms. This is concluded when this information is essential to better characterise the 177 

risk to humans and other non-target organisms, because there are insufficient margins of safety in the 178 

available risk characterisation/s. When making EU approval decisions on active substances, risk 179 
managers indicated applicants must generate confirmatory studies which have to be submitted two 180 

years after the adoption of a specific guidance document on evaluation of the impact of isomers on 181 

the pertinent risk assessments. Therefore there is the need for a guidance document to be prepared. 182 

 183 

Terms of Reference 184 

This Terms of Reference have been discussed at the EFSA Pesticide Steering Network (PSN) meeting 185 
on 10th February 2015 under consideration of the background information above.  186 

Development of EFSA guidance that addresses appropriate practice for completing risk assessments 187 
for active substances of plant protection products that have isomers and for transformation products 188 
of any active substances where these transformation products may have isomers. The main focus of 189 
the guidance will be stereoisomers because of the additional analytical challenges characterising this 190 
class of isomers. However the guidance will also cover structural isomers. 191 

 192 

The users of the guidance will be applicants, consultants preparing applications, competent authorities 193 
of the Member States and EFSA staff. 194 

 195 

The guidance document developed should be consistent with the regulatory framework and data 196 
requirements for pesticides under Regulation (EC) No 1107/2009. This framework has the aim of 197 
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covering the risk to humans (in particular workers, bystanders, residents, consumers of treated 198 
produce, consumers of animal products derived from animals that have consumed treated produce, 199 
consumers of contaminated groundwater (primarily in the context of non relevant groundwater 200 
metabolites)) and other non target species (terrestrial and aquatic wildlife, wild birds and domestic 201 
animals used for food production). The risk assessment paradigms currently used (regarding indicator 202 
species selected, matrices in which exposure assessments are made and their temporal and spatial 203 
definitions) as set out in the legislation and existing noted guidance should not be changed by this 204 
guidance. The guidance needs to work with the risk characterisation approaches currently used. As far 205 
as is possible, the guidance will be developed with the aim of being compatible with risk assessment 206 
guidance that is being updated / is under development or may be developed in the future. This 207 
guidance will make use of the considerations already made regarding stereoisomers in the EFSA 208 
(2012) panel on plant protection products and their residues (PPR) scientific opinion on evaluation of 209 
the toxicological relevance of pesticide metabolites for dietary risk assessment.  The aim of the 210 
guidance is to provide practical advice that uses available proven analytical and other technologies. 211 
The intended consequence of following the guidance, is that the uncertainty of a risk characterisation 212 
for a substance that contains isomers not resolved by non chiral analytical techniques or one that 213 
transforms to substance/s with such isomers, should not be greater than for substances that do not 214 
have these properties. The guidance will aim to deliver the same level of confidence in the risk 215 
characterisation when there are isomer issues, as for a risk characterisation where there are no 216 
isomer issues.  217 

 218 

Topics for which guidance needs to be developed are: 219 

-Terminology used for describing different types of isomers with examples, 220 

-Description of the capacities of different analytical techniques to discriminate and quantify 221 
different types of isomers, 222 

-Guidance on uncertainty factors in the different risk assessments to be applied, without 223 
information on exposure and or effects from individual stereoisomers, being available, i.e. the 224 
factors needed when ‘sum of isomers of unknown composition approaches’ are followed. 225 

-Guidance on the proportion of samples in the different radiolabelled metabolism study 226 
designs requiring stereoisomer separation, to provide sufficient information on exposure 227 
patterns of individual isomers (plants, animals, soil, sediment/water) when ‘sum of isomers of 228 
unknown composition approaches’ are insufficient for a robust risk assessment. 229 

-Guidance on what change in stereoisomer ratio is considered too small to conclude that 230 
existing uncertainty factors used for risk assessment have not been eroded, 231 

-Guidance on the need for non-radiolabelled residues (in plants, domestic animals, soil) 232 
studies to include some quantitative information on stereoisomer levels, guidance on 233 
interpretation of such studies and using this information in the exposure assessment where 234 
this information is available. 235 

-Guidance on interpreting mammalian absorption, distribution, metabolism and excretion 236 
studies where information on stereoisomer ratios has been provided by the available analyses, 237 
guidance on interpretation of the studies where this information is available 238 

-Guidance on approaches, study designs and test organism selection, when risk 239 
characterisations indicate that toxicological or ecotoxicological reference values need to be 240 
determined for individual isomers or isomer compositions that differ from those in the 241 
technical substance originally tested. 242 

 243 

It is envisaged a public consultation will be organised on a completed draft document. The target time 244 
to initiate the consultation is 2/3 of the way through the project. A stakeholder report will be prepared 245 
and input from the consultation considered, when finalising the guidance of EFSA. 246 

 247 
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1.2. Interpretation of the Terms of Reference  248 

 249 

Following the agreement on the terms of references by the PSN, the EC sent a request for 250 
undertaking this task in a letter from Ladislav Miko to Bernhard Url dated 20th October 2016.  251 

Stereoisomerism is a frequent and well-known relationship among chemical substances at the 252 
molecular level. Stereoisomers are substances that share the same molecular formula, connectivity 253 
and bond multiplicity, and differ in the spatial arrangement of two or more atoms. A considerable 254 
number of agrochemicals present stereogenic elements in their molecular structure (i.e. single atom, 255 
and axis or a plane with an asymmetric configuration) that give rise to a number of potential 256 
stereoisomers. When this occurs, active substances are marketed either as a more or less purified 257 
stereoisomer or as a mixture of them. 258 

When the active substance is marketed as a mixture of stereoisomers, the purity is usually reported 259 
on basis to the sum of them1. This is done despite the fact that in many cases the biological activity, 260 
and hence the efficacy of the substance, will rely mostly on one or some of the stereoisomers in the 261 
mixture. Various pragmatic reasons have been given by industry and regulators to justify this practice: 262 
lack of exact knowledge of the relative biological activity of the stereoisomers, harmonisation with 263 
ISO, FAO and other international organisations etc… Current Regulation (EU) 283/2013 establishes 264 
that those isomers that are not part of the ISO common name are considered impurities (Art 1.10).  265 

In contrast to this, when the substance is marketed as enriched by one or a reduced number of the 266 
theoretically possible stereoisomers2, purity is usually declared on basis of the amount of the selected 267 
isomers. For some chemical structures, a number of active substances are available on the market, 268 
with the only difference between them being the proportion of the different isomers in the technical 269 
material. Usually these active substances share the same or similar common name with some kind of 270 
modifier (eg cypermethrins).2  271 

Independently of the consideration of the different isomers as active components or impurities of an 272 

active substance, they are applied to the crops and released to the environment as part of the plant 273 

protection products, resulting in exposure for humans, animals and non-target organisms. Therefore, 274 

the nature of the isomers in the active substance should be taken into consideration when the risk 275 

assessment is performed. Some stereoisomers, named enantiomers, have identical physical and 276 
chemical properties but will behave differently when confronted to an asymmetric environment as in 277 

biological processes, such as metabolic degradation, and will frequently show different biological 278 

activity. Enantiomers exist as pairs, corresponding to the two non-superimposable mirror images of 279 

otherwise identically connected molecular structure. The rest of stereoisomers, named diasteromers, 280 

may have similar but not identical physical and chemical properties and likely will present also 281 

significantly different biological activity. Diasteromers share the same atoms connectivity at the level 282 

of molecular structure, but those structures cannot be related to each other through the reflection 283 

symmetry operation (eg. RR isomer with respect to RS isomer in a molecule with two asymmetric 284 

centres, cis-trans isomerism, etc).  285 

                                                           
1 Examples of active substances that have been or are marketed as mixture of stereoisomers: cypermetrin (8 cypermethrin isomers), 

fenvalerate (4 isomers), dichlorprop (2 isomers), metalaxyl (2 isomers), diniconazole (2 isomers), metolachlor (4 isomers, generated by a 

chiral carbon and the impeded rotation atropisomers), mecoprop (2 isomers), acetochlor (2 isomers, rotamers atropisomers), alachlor (2 

isomers, rotamers atropisomers), fenamiphos (2 isomers), fonofos (2 isomers), malathion (2 isomers), imazapyr (2 isomers), imazaquin (2 

isomers). 

2 Examples of substances that have been or are marketed as purified or partly purified stereoisomers: Z-cypermetrin (4 cypermetrin 

isomers), beta-cypermetrins (4 cypermetrin isomers, 2 of them also in Z-cypermetrin), alpha-cypermetrin (2 cypermetrin isomers), 

esfenvalerate (one of the 4 isomers of fenvalerate purified up to 87 %), dichlroprop-p (R isomer of dichlroprop), metalaxyl-M (R isomer of 

metalaxyl), diniconazole-M (R isomer of diniconazole), S-metolachlor (2 isomers, S isomers of metolachlor), mecoprop-P (R isomer of 

mecoprop). 
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A number of cases may be found in the scientific literature where the differences on toxicological and 286 

environmental properties of stereoisomers have a potential impact on the outcome of the risk 287 
assessment (Wong, C.S., 2006 and references there in). 288 

As a general principle, stereoisomers need to be treated as different chemical components for the risk 289 

assessment. Current data requirements in EU regulatory framework (Regulation (EC) No 1107/2009) 290 

already establish that the substance tested should match the technical specifications (including its 291 

isomeric composition) and that formation and effects of metabolites, degradation and transformation 292 

products should be investigated. This includes the case when transformation products are 293 

stereoisomers. In this sense, new specific data requirements for active substances containing 294 
stereoisomers would not be needed. Nevertheless, experience gained during the application of EU 295 

pesticides regulation, has shown that guidance may be needed to provide applicants and evaluators 296 

advice on how to generate and assess the required data. Also, guidance is needed on how to make 297 

the best use of the available information to perform the risk assessment of these substances, 298 

particularly in situations when the information on individual isomers is not available or difficult to 299 

obtain, with the primary objective to reduce the need of repeating vertebrate animal testing. For 300 
active substances containing stereoisomers or that may generate them, it is especially advisable that 301 

applicants reflect on the nature of the active substance they are supporting when they start 302 

generating data for a regulatory application. This would allow deciding the best test design and 303 
develop the methodologies needed to generate the required data for the risk assessment.   304 

The guidance does not aim to provide specific technical advice on methodological issues (eg. methods 305 

of analysis). Such methodologies are not specific to pesticides, therefore analytical techniques widely 306 

used on the separation of stereoisomers in organic chemistry are usually applicable to most of the 307 
pesticides. In addition, such advice will suffer of a rapid obsolescence due to the fast technological 308 

improvements. In such situations restrictive readings of the guidance could actually be an obstacle to 309 

innovation.   310 

In the following section, the Regulation (EU) 283/2013 on the data requirements for the plant 311 
protection active substances is reviewed and recommendations are given on how to best address and 312 

assess data requirements to the situation of active substances containing stereoisomers. Only those 313 

points of the regulation annex are specifically mentioned or commented for which particular directions 314 
are needed in the case of active substances containing stereoisomers. Points not mentioned either can 315 

be addressed regardless of the isomeric composition of the active substance and its residue, or can be 316 

trivially addressed by analogy to other points specifically considered in this guidance.  317 

One special situation are active substances that without containing any stereogenic element may 318 
generate transformation products that do contain them. On those cases, it is appropriate to refer to 319 

metabolites containing stereoisomers. For these substances, the guidance will not be applied to the 320 

active substance but will still be needed to assess its metabolites.  321 

 322 

2. Requirements for active substances containing stereoisomers and 323 

their assessment.  324 

 325 

2.1. General issues 326 

Regulation (EU) 283/2013 on the data requirements for the plant protection active substances 327 
requires that the information presented for the active substance shall be sufficient to establish 328 
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isomeric composition and possible conversion of isomers, when relevant (Commission Regulation (EU) 329 
283/2013 Annex Introduction 1.11(n)).  330 

In this way, the legislation assumes that some active substances can consist of a mixture of isomers. 331 
In this guidance this is only considered relevant with respect to stereoisomers, which is justified 332 
because stereoisomers either can share some physical, chemical and biological properties or can be 333 
difficult to separate during the manufacturing process. Mixtures of structural isomers are not expected 334 
to be commercialised as single active substances. Structural isomers can certainly occur as impurities 335 
during the manufacturing of the active substance, but do not deserve any specific treatment, different 336 
to the one given to other impurities, and will usually not share any significant property with the main 337 
active components.  338 

For the purpose of this guidance, it will be considered that an active substance is an active 339 
substance containing stereoisomers when its three-dimensional chemical structure can give rise 340 
to stereoisomers by the exchange of two or more atoms, independently of the amount of those 341 
stereoisomers in the active substance as manufactured and their considerations as active substance 342 
components or impurities. Therefore, active substance containing stereoisomers will be the term 343 
applied both to active substances containing a number of components consisting of stereoisomers or 344 
active substances consisting on a single component which chemical structure has the potential for 345 
having stereoisomers (which may eventually be present in the active substance as impurities or 346 
formed by the active substance transformation through metabolic or chemical processes). 347 

In a similar way, it will be considered that a transformation product is a metabolite containing 348 
stereoisomers when its three-dimensional chemical structure can give rise to stereoisomers, 349 
independently of the amount of those stereoisomers formed and if they are originated from an active 350 
substance already containing stereoisomers or by transformation of an active substance structurally 351 
symmetric. In this sense, all metabolites structurally related as stereoisomers should be accounted 352 
together when confronted with the triggers used to decide whether further assessment is needed (eg 353 
10 % TRR (total radioactive residue) in food, 5 % AR (applied radioactivity) in the environment).  354 

The regulation requires that a detailed description (specification) of the material shall be provided and 355 
test performed with material complying with these specifications (except where radio-labelled material 356 
or the purified active substance is used) (Regulation (EU) 283/2013 ANNEX Introduction 4.1). 357 
Certainly, this implies that stereoisomeric composition should be part of the description of the active 358 
substance and that stereoisomers need to be declared as impurities when appropriate. In principle, 359 
tests should be performed with a material containing the same proportion of stereoisomers as 360 
specified (either as active components or impurities) to ensure that the risk assessment performed, 361 
based on these study results, addresses the risk posed by the use of the active substance as 362 
manufactured. However, some tests may be required to be done with a different proportion of 363 
stereoisomers as given in the specification to complete the risk assessment (e.g. reflecting the ratio of 364 
isomers in the terminal residue on food or feed items –residue definition- rather than in the material 365 
prior to application, see also for example 2.6.1) 366 

 367 

2.2. Identity of the active substance 368 

Identity of the active substance components should be given (IUPAC name, CAS, EC and CIPAC 369 
numbers etc…) specifying the stereochemistry of them. The regulation also requires that the structural 370 
formula of each isomer present in the active substance shall be provided (Regulation (EU) 283/2013 371 
ANNEX 1.7).  372 

Isomers that are not part of the ISO common name are considered impurities (Regulation (EU) 373 
283/2013 ANNEX Identity 1.10). When isomers of the active compound of the active substance are 374 
considered impurities the provisions in the regulations in relation to impurities apply to them 375 
(Regulation (EU) 283/2013 ANNEX 1.8). This means that the applicant has to provide: 376 

 -identity of the impurity isomers,  377 

-origin of those impurity isomers (eg. residues from starting material or formed by side 378 
reactions),  379 
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-toxicological, eco-toxicological and environmental relevance of impurities consisting of 380 
isomers of the active substance.  381 

Whereas this information should be provided for any impurity, particular attention should be paid to 382 
those cases when the impurity is a stereoisomer of an active component, due to their structural 383 
similarity at molecular structure level. In this way, any stereoisomer that appears as impurity of the 384 
active substance or their components exceeding 1 g/Kg is to be considered by default a significant 385 
impurity (Regulation (EU) 283/2013 ANNEX Identity 1.10.2). In addition, those stereoisomers 386 
considered particularly undesirable because of their toxicological, ecotoxicological or environmental 387 
properties, shall be considered relevant impurities (Regulation (EU) 283/2013 ANNEX 1.10.3) and shall 388 
be quantified separately in the batch analysis and the samples to generate toxicological data, even if 389 
present at quantities below 1 g/kg (Regulation (EU) 283/2013 ANNEX 1.11).  390 

When all stereoisomers related to a molecular structure are considered active components (i.e. are 391 
part of the ISO common name), the ratio or the ratio range of the content of the stereoisomers shall 392 
be provided. Isomer active components should also be quantified separately in the batch analysis and 393 
samples used to generate toxicological data (Regulation (EU) 283/2013 ANNEX 1.11). In addition the 394 
regulation requires that the relative biological activity of each isomer, both in terms of efficacy and 395 
toxicity shall be reported (Regulation (EU) 283/2013 ANNEX 1.9). This implies that when designing the 396 
corresponding studies applicants need to obtain information not only on the active substance as 397 
mixture of stereoisomer components, but also for the individual stereoisomer components. Depending 398 
on the substance and the study under consideration, two possible general strategies may be 399 
considered by data providers in order to satisfy this requirement: 400 

 -During the course of the studies, chemical analysis able to identify and quantify the different 401 
stereoisomers is performed at various sampling times. This should enable to identify if conversion or 402 
preferential transformation of stereoisomers occurs and adequately relate the effects observed to the 403 
different stereoisomer compositions.  404 

 -For each effect data requirement, to perform repeated experiments with test materials 405 
containing proportions of stereoisomers different from those in the active substance. For example, if 406 
the active substance consists of two stereoisomers at 50 %, the tests would be performed with the 407 
active substance as manufactured (mixture 1:1) and, in additional experiments, with each of the pure 408 
stereoisomers.  409 

In many situations, these strategies would not need to be applied exhaustively to all data 410 
requirements, since, based on the results obtained in some tests, the relative behaviour/biological 411 
effect of the stereoisomers may be inferred for other similar conditions without the need of 412 
performing exhaustive analysis or repeated tests. In particular, special effort should be made in order 413 
to minimise the need of repeating tests performed on vertebrate animals.  414 

When different active substances are or have been in the market, which only difference is the 415 
proportion of the corresponding stereoisomers in the active substance as manufactured, comparative 416 
assessment of the data available for all of them may be very helpful in determining the relative 417 
biological activity of each isomer without the need of repeating the corresponding studies. Therefore, 418 
applicants should provide all available information on any active substances in the market that consist 419 
on stereoisomers or different stereoisomer combination of the active substance under consideration. 420 

 421 

2.3. Physical and chemical properties 422 

In general isomers, including most of the stereoisomers, are distinct chemical substances and have 423 
different physical and chemical properties. Enantiomers are an exception to this rule and present the 424 
same properties except when confronted to an asymmetric media or phenomenon (eg. polarised 425 
light). Despite the fact that the separated enantiomers present the same physical properties, the 426 
racemic mixture may present different physical properties than each of the separated isomers (melting 427 
point, solubility etc…). Therefore, some physical properties measured for the racemic mixtures may 428 
not be assumed to be identical to those of the pure enantiomers. Then, for an active substance that is 429 
a pure enantiomer, physical properties (at least with respect to the solid state properties) measured 430 
with its racemic mixture cannot extrapolated to the active substance under evaluation.  431 
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In the case of active substances which are optical active isomers, the optical purity shall be measured 432 
and reported (Regulation (EU) 283/2013 ANNEX 2.4)). Whereas the regulation specifically refers to 433 
optical purity (optical rotation of polarised light), since this parameter is commonly equivalent to 434 
enantiomeric excess, providing the enantiomeric excess of the active substance using another method 435 
different than measurement of optical rotations (eg.by chromatography using a chiral stationary 436 
phase) will be acceptable.   437 

 438 

2.4. Further information on the active substance 439 

With respect to the mode of action, when the active substance is a mixture of isomers, it should be 440 
clarified how this fact influences the effects based on the mechanism or reactions of the separated 441 
isomers (Regulation (EU) 283/2013 ANNEX 3.6). In some instances, experimental studies presented to 442 
cover other data requirements (eg. metabolism studies) may be helpful to substantiate the 443 
assessment of the role of each isomer with respect to the mode of action of the mixture. Data on the 444 
biological activity of the separated isomers is also essential to determine their role on the mode of 445 
action of the active substance manufactured as a mixture of stereoisomers.  446 

 447 

2.5. Analytical methods 448 

2.5.1. Analytical methods for the generation of pre-approval data 449 

2.5.1.1. Active substance as manufactured (technical material) 450 

Among the methods used for the generation of pre-approval data, methods should be provided for the 451 
determination of the pure active ingredient in the active substance as manufactured. 452 

If the active substance as manufactured contains all possible stereoisomers (sharing the same atom 453 
connectivity); then, the methods of analysis provided should allow the determination of the amount of 454 
each isomer.  455 

If the active substance consists only on a single stereoisomer or a purified mixture of stereoisomers, 456 
analytical methods should allow determining them separately and to separate them from other 457 
possible stereoisomers that may occur as impurities. Analytical methods should therefore be able to 458 
determine stereoisomers (including enantiomers) of the active ingredient components at levels above 459 
1 g/Kg if shown not to be impurities of toxicological concern or at lower levels if it cannot be excluded 460 
them to be relevant impurities (i.e. it cannot be excluded they share the non-desirable effects 461 
attributed to the main components).  462 

 463 

2.5.1.2. Methods for risk assessment 464 

The methods for the risk assessment are the analytical methods used for the studies presented in the 465 
dossier on non-radiolabelled material. The analytical methods of radioactive test material are 466 
considered within the sections where such tests are used.  467 

As a general rule, methods employed should be able to separate the different stereoisomers related to 468 
the active substance, regardless of being considered active substance components, impurities or 469 
metabolites/reaction/transformation products of the active substance components. When time course 470 
of the fate of the active substance residues are investigated (metabolism and degradation studies) the 471 
possibility of racemisation of asymmetric centres or preferential degradation of stereoisomers should 472 
be considered and analytical methods should be able to identify and quantify these processes.  473 

Depending on the test, enantiomers may not need to be separated in all test samples; therefore, it is 474 
possible to develop a method not discriminating enantiomers, used for routine analysis, and another 475 
method discriminating enantiomers for confirmation (to be used in a selected number of samples). In 476 
such cases, both methods should be fully validated.  477 
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2.5.1.3. Methods for post approval control and monitoring purposes 478 

Regulation requires that monitoring methods, as far as practicable, shall employ the minimum cost, 479 
and require commonly available equipment. This implies that in situations where enantiomers may 480 
need to be separately monitored, the most cost efficient method available should be provided. In 481 
general this can be attained by using a non-enantioselective method for the bulk of the monitoring 482 
samples and a stereoselective method for confirmatory purposes and for when the proportion of 483 
enantiomers needs to be known.  484 

Methods need to be provided to analyse the components in the residue definition to determine 485 
compliance with established MRL’s (food and feed of plant or animal origin). In general, the 486 
stereoisomers specified in the residue definition will need to be separately quantified by the method. 487 
For the case of enantiomers, a method for routine use, not resolving the enantiomers, needs to be 488 
provided in addition to a method able to resolve them for confirmatory purposes (eg. in situations 489 
were different active substances are authorised consisting on different proportions of the same 490 
enantiomers or for when isomers having different biological properties need to be monitored 491 
individually). 492 

Methods need to be provided to analyse the components in the residue definition for soil and water. 493 
In general, the stereoisomers specified in the residue definition will need to be separately quantified 494 
by the method. For the case of enantiomers, a method for routine use, not resolving the enantiomers, 495 
needs to be provided in addition to a confirmatory method able to resolve them (eg. in situations were 496 
different active substances are authorised consisting on different proportions of the same 497 
stereoisomers or for when isomers having different biological properties need to be monitored 498 
individually). 499 

Methods for the analysis in the air of the active substance and relevant breakdown products, formed 500 
during or after application, to be used to monitor exposure of operators, workers, residents or 501 
bystanders need to be provided in the dossier (field studies). Since the use of these monitoring 502 
methods occurs generally in circumstances when the nature of the applied substance is known (i.e 503 
composition of the actual product applied is available to those performing the monitoring), 504 
enantioselective methods are not expected to be needed, even when different mixtures of 505 
stereoisomers are or were to be authorised. A different approach may need to be followed in the case 506 
of volatile substances, for which air monitoring methods may be needed for environmental reasons in 507 
situations where details on the application of the substance are not known or monitoring is needed to 508 
be performed in locations far from the application place. In these situations, the stereoisomers 509 
specified in the air residue definition will need always to be separately quantified by the method. 510 

The methods for the analysis of body fluids and tissues need to separate the stereoisomers specified 511 
as components identified in the residue definition for monitoring. For the case of enantiomers, a 512 
method for routine use, not resolving the enantiomers, needs to be provided in addition to a 513 
confirmatory method able to resolve them (eg. in situations were different active substances are 514 
authorised consisting on different proportions of the same stereoisomers or for when isomers having 515 
different biological properties need to be monitored individually). 516 

 517 

2.6. Mammalian Toxicology and non-dietary exposure 518 

2.6.1. General issues 519 

The current data requirements for plant protection products indicate that the information provided 520 
must be sufficient to assess  the nature and extent of the risks for the different exposure groups from 521 
exposure to the active substance, its metabolites, degradation and reaction products, where they are 522 
of toxicological significance, and also that it is necessary to establish the isomeric composition and 523 
possible metabolic conversion of isomers when relevant. This does also include the case when 524 
metabolites are isomers of the active substance, e.g. when interconversion leads to the generation of 525 
isomers of the active substance that do not match the technical specification of the active substance 526 
as manufactured (Regulation (EU) 283/2013 ANNEX 5 Introduction point 7). 527 
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The analytical methods to be used in toxicity studies shall be specific for the entity to be measured 528 
and shall be adequately validated (Regulation (EU) 283/2013 ANNEX 5 Introduction point 6). 529 
Depending on the study and its particular conditions, this will imply the need to resolve enantiomeric 530 
mixtures. 531 

For active substances containing stereoisomers, the fate of those in the plant, animal and the 532 
environmental metabolism studies has to be considered, since the proportion of the isomers may 533 
change over time. In such cases, the toxicological effect of the actual residue needs to be assessed, 534 
following the residue definitions for risk assessment, established by the assessment of residues data in 535 
food and feed and fate and behaviour into the environment. The impact of stereochemistry on the 536 
toxicological relevance of pesticide metabolites for dietary risk assessments has previously been 537 
discussed in detail (EFSA PPR Panel, 2012). Since isomers may differ in their toxicological potency or 538 
profile, changes in stereoisomeric compositions need to be considered for the risk assessment. 539 
Therefore, the potential differences between the toxicologically tested isomeric mixture(s) and the 540 
stereoisomeric composition of the residues to which humans will be exposed needs to be addressed.  541 

Regarding the dietary risk assessment considerations for isomers, a stepwise approach was proposed 542 
in the PPR guidance document for residue definition for risk assessment (EFSA PPR Panel, 2016). The 543 
same principles are proposed here and it is also applicable for non-dietary risk assessment. 544 

The stepwise approach can be initiated with either considerations on the exposure profile (see 545 
residues in food and fate and behaviour in the environment) or on the hazard assessment of the 546 
different isomers whatever is deemed most suitable and adequate for the specific situation.  547 

The hazard assessment of stereoisomers or changed isomeric composition includes a tiered approach, 548 
in order to minimise as much as possible in in vivo animal testing. 549 

 550 

2.6.2. Studies on absorption, distribution, metabolism and excretion (ADME) 551 

in mammals3 552 

Stereoisomers (including enantiomers) may be absorbed, distributed, transported and /or metabolised 553 
and /or excreted in a differentiated way. The separated stereoisomers may also behave differently in 554 
the laboratory studies on animals and in humans.  In vivo ADME and in vitro metabolism studies (e.g. 555 
in vitro specific metabolism isoform) should address differential ADME properties of stereoisomers 556 
(including enantiomers). Frequently enantiomers exhibit slight differences in metabolism; however, 557 
some notable examples are available where major differences in metabolism of enantiomers occur 558 
(UK-DEFRA, 2003; Ye et al, 2015). This information should allow the risk assessor to consider the 559 
biological relevance (EFSA SC, 2017) of the ADME and toxicological data in the rat or other test 560 
species.  561 

 562 

2.6.3. Genotoxicity 563 

As described by the EFSA PPR Panel (2016) “since biological systems are chiral entities, in a chiral 564 
environment stereoisomers can show selective absorption, accumulation, enzyme interactions and 565 
metabolism, receptor interactions and DNA binding. Consequently each stereoisomer or isomeric 566 
mixture can have a different kinetic, dynamic and toxicological profile. With the DNA 3D structure 567 
certain compounds could interact stereo selectively. Examples include Cis-platin (Boudvillain et al., 568 
1995; Kasparkova et al., 2008; Marchan et al., 2004) and transformations leading to epoxide 569 
intermediates which are particularly prone to stereo selective mutagenicity and carcinogenicity i.e. 570 
Aflatoxin B1 (Stewart et al., 1996, Iyer et al., 1994) and styrene 7,8-epoxide. 571 

For pesticide substances there is substantial evidence of stereo-selective metabolism, stereo-selective 572 
toxicity and also data on isomerisation in the environment, but no examples for stereo-selective 573 
genotoxicity of pesticides or their metabolites are currently known. Such conditions may not be 574 

                                                           
3 For a recent review on metabolism of chiral pesticides please see Perez de Albuquerque, N.C, et al., 2018. 
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completely excluded i.e. stereo-selective genotoxicity might not have been discovered by studies; 575 
however (Q)SAR analyses predict structural alerts independently from the stereochemical composition. 576 

The low level of uncertainty linked to the potential genotoxicity of an individual isomer or varying 577 
isomer compositions of a compound lead to the conclusion that isomers and changes in the isomer 578 
composition are not anticipated to be of concern for the genotoxicity assessment”. 579 

The level of uncertainty could be higher when only genotoxicity data are available with one 580 
steroisomer and bridging is proposed to the other stereoisomers. Under these circumstances it is  581 
recommended to address the genotoxic potential of other stereoisomers with an in vitro test battery 582 
following the EFSA SC (2011) to reduce this uncertainty. 583 

 584 

2.6.4. General toxicity 585 

The stereoisomeric composition established as the likely exposure profile (see residues in food and 586 
fate and behaviour in the environment) should be compared with that of the material used in the 587 
toxicological studies conducted with the active substance or metabolites. If no significant change in 588 
composition (including ratio) is observed (eg changes in the expected stereoisomeric excess > 10 %), 589 
the toxicological data obtained by testing the active substance as manufactured can be used for 590 
hazard and risk assessment of the residues. 591 

If this is not the case and changes occur on the stereoisomeric composition with respect to what has 592 
been tested in the toxicological studies, any available information must be provided to characterize 593 
the hazard and inform the risk assessment. In order to substantiate read-across (“bridging”) from 594 
available toxicological data to the incomplete data on the stereoisomeric composition to which 595 
exposure groups might be exposed additional considerations are needed. The extent and type of data 596 
to substantiate read-across should be defined on a case-by-case basis and should consider all 597 
available information including: 598 

• the toxicological profile of the active substance and its metabolites, 599 

• the metabolism of the active substance and its metabolites (Ye, et al 2015), 600 

• mechanistic data, 601 

• the pesticide and toxicological mode of action (Ulrich, et al 2012), 602 

• information from other active substances with the same stereoisomers in different 603 
proportions, 604 

• whether quantitative differences are likely (e.g. organophosphates). 605 

The purpose of the read-across is to decide whether there are qualitative (i.e. toxicological profile) 606 
and/or quantitative (i.e. toxicological potency) differences in toxicity of the stereoisomers to 607 
characterize the hazard and inform the risk assessment. 608 

In case information to read across is not sufficient to characterize the hazard of the residues to which 609 
humans are exposed, then, before performing new vertebrates studies, a reasoned case could be 610 
made using the assumptions described in the non-dietary and consumer exposure sections (see 2.6.5 611 
and 2.20.6). Nevertheless, if as result of such approach, further toxicological data are needed to 612 
refine the risk assessment, appropriate studies would be needed to be performed and provided.   613 

 614 

2.6.5. Non-dietary exposure 615 

The main non-dietary exposure groups that might be affected by changes in stereoisomeric 616 
composition after application are workers and residents4. The stereoisomeric composition established 617 
as the likely exposure profile to which workers and residents might be exposed should be compared 618 

                                                           
4  
No further considerations regarding operator and bystander exposure are needed since the ratio of stereoisomers must be stable in the 
technical product to comply with stability requirement. 
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with that of the material used in the toxicological studies conducted with the active substance as 619 
manufactured or metabolites. If no significant change in composition (eg changes in the expected 620 
stereoisomeric excess < 10 %) is observed in residues in plants and/or environmental fate studies, 621 
the data for the toxicologically tested substance can be used for risk assessment. As already indicated, 622 
in case changes occur in the stereomeric composition and information available is not sufficient to 623 
characterize the hazard, a case might be made for waiving further toxicological testing by deriving a 624 
factor to account for the uncertainty on the toxicological end pints introduced by the change of ratio 625 
of the individual stereoisomers in the residue in plants and/or environmental fate studies, compared to 626 
the ratio initially tested in the toxicology studies for the active substance (eg. active substance as 627 
manufactured) or metabolites. This factor can be used as an equivalence/correction factor in the 628 
human health risk assessment. This approach might be meaningful mostly when the number of 629 
isomers is very limited. The uncertainty added to the risk assessment by using such factors is noted 630 
and should be described and considered in the risk assessment. 631 

 632 

Example: 633 

-Substance A is manufactured as a 50 % mixture of two isomers: A1 and A2. 634 

-Toxicological studies have been performed using the substance as manufactured and information on 635 
the separated contribution of the isomers to the toxicological effects is not available. For the 636 
substance as manufactured an ADI of x mg / kg body weight has been established. 637 

-Metabolism studies and studies determining the amount of residues in crops provided have been 638 
generated using methods that did not allow separated quantification of the isomers of A.  639 

- Risk assessment based on measured residues of A will be done by dividing the reference value (ADI, 640 
AOEL) with a factor of 2. This approach is based on the assumption that the target effect as result of 641 
toxicodynamic and toxicokinetic/metabolism properties is caused by only one isomer assuming 642 
additivenes of toxicological effects (absence of synergies or antagonisms between isomers). 643 

 644 

In case this approach results on exceedance of the reference value (corrected by the above factor), 645 
further data either on the actual isomeric composition of the residues or on the specific toxicity of the 646 
isomers would need to be provided and used to refine the risk assessment. (An extended 647 
consideration on the casuistic with respect to the amount to information available on how to apply this 648 
approach is presented in Appendix A). Same approach can be extended to a larger number of isomers 649 
by the appropriate factor (eg in a substance of four isomers at 25 % each, factor of four will be used), 650 
but it should be taken into account that the higher the number of isomers considered the higher the 651 
uncertainty of the approach will be.  652 

 653 

2.7. Residues in food and feed 654 

2.7.1. Storage stability studies 655 

In the case of active substances with stereoisomers storage stability should also demonstrate 656 
stereoisomeric stability and or the stability of all isomeric components. This is especially relevant, in 657 
case the toxicological profile of the isomers is assessed as different or the information available does 658 
not allow assessing whether or not the stereoisomers have a different toxicological profile. In these 659 
situations, stereoisomers need to be treated as individual components in the assessment process.  660 

 661 

2.7.2. Metabolism, distribution and expression of the residues 662 

For active substances containing stereoisomers, metabolism studies should enable to describe 663 
preferential metabolism, differentiated distribution of stereoisomers and isomer interconversion. This 664 
information is essential to establish the residue definition for the risk assessment. Also this information 665 
would need to be taken into account in the design and interpretation of the toxicological studies to 666 
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ensure toxicological data generated covers the actual compounds to which consumers may be 667 
exposed. Diastereomers will be normally quantified already separately by the conventional analytical 668 
methods used for the quantification of the active substance and metabolites. If the active substance 669 
or metabolites contains enantiomers, a method capable to separate enantiomer pairs would need to 670 
be developed and used (eg. using chiral chromatography). 671 

It is acknowledged that for many of the existing active substances metabolism studies have not been 672 
conducted with stereoselective methods. Provided sufficient investigation of the behaviour of 673 
stereoisomers in food and feed commodities can be demonstrated by field trials, these legacy 674 
metabolism data might be considered an acceptable surrogate for a new metabolism study 675 
investigating isomer ratios. 676 

 677 

2.7.3. Magnitude of residue trials in plants 678 

For active substances containing stereoisomers, depending on the results of the metabolism studies in 679 
relation to the transformation / interconversion of isomers, and the need to treat them as different 680 
components for risk assessment, stereoselective methods may or may not be needed for the analysis 681 
of residues in the residue trials in plants. Nevertheless, it is advisable that stereoisomers are 682 
individually followed and quantified in these studies, even when not strictly necessary, to increase the 683 
robustness of the data collected in the metabolism studies and to allow the use of data from legacy 684 
metabolism studies in which stereoisomers were not separately analysed.  685 

2.8. Risk assessment of the residues in food and feed 686 

Two main possibilities need to be considered for active substances containing stereoisomers:  687 

- Active substances containing only one stereoisomer among those possible on basis of the 688 
active substance molecular structure (if other isomers are present only as impurities): in those cases, 689 
the formation of other stereoisomers should be treated as a relevant metabolite with respect to the 690 
risk assessment unless additional toxicological information shows it to be of no relevance 691 

- Active substances defined as a mixture of stereoisomers, among those possible based on the 692 
active substance molecular structure: in those situations, preferential degradation or interconversion 693 
will trigger the need to evaluate the separated components further for the risk assessment.  694 

 For practical reasons, a trigger of 10 % change in the stereoisomeric excess (eg. 10 % change of 695 
enantiomeric excess in case of enantiomers) in the residue, with respect to the substance as 696 
manufactured, is established for considering it to be potentially significant with respect to the dietary 697 
risk assessment. However, this trigger will need to be considered on a case by case basis in a weight 698 
of evidence approach, taking into account all the information already available for each separated 699 
stereoisomer. In this sense, it is advisable to measure the separate stereoisomers in all relevant 700 
studies (metabolism and field residue trials), so a robust estimation of the specific behaviour of each 701 
isomer can be obtained (see appendix B for further discussion and examples).  702 

If the change in the stereoisomeric proportions is considered relevant, then the evaluation should take 703 
into account the specific toxicological profile of the individual stereoisomers. When the information 704 
available does not allow determining if there is or not an enrichment of a specific stereoisomer, or 705 
whether toxicological properties of the stereoisomers are or not comparable, a factor can be used with 706 
respect to the consumers risk assessment in order to account for the uncertainty associated to the 707 
missing information. For this, it will be assumed that the measured sum of stereoisomers is actually 708 
the most toxic one. If, in addition, the toxicological properties of the separated isomers are unknown, 709 
a correction factor will be applied to the toxicological reference values.  710 

 711 

Example: 712 

-Substance A is manufactured as a 50 % mixture of two isomers: A1 and A2. 713 
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-Toxicological studies have been performed using the substance as manufactured and information on 714 
the separated contribution of the isomers to the toxicological effects is not available. For the 715 
substance as manufactured an ADI of x mg / kg body weight has been established. 716 

-Metabolism studies and studies determining the amount of residues in crops provided have been 717 
generated using methods that did not allow separated quantification of the isomers of A.  718 

- Risk assessment based on measured residues of A will be done by dividing the reference value (ADI, 719 
AOEl) with an uncertainty factor of 2. This approach is based on the assumption that the target effect 720 
as result of toxicodynamic and toxicokinetic/metabolism properties is caused by only one isomer 721 
assuming additivenes of toxicological effects (absence of synergies or antagonisms between isomers). 722 

 723 

In case this approach results on exceedance of the reference value (corrected by the uncertainty 724 
factor) that results after application of the above factor, further data either on the actual isomeric 725 
composition of the residues or on the specific toxicity of the isomers would need to be provided and 726 
used to refine the risk assessment. A complete consideration with respect to the amount to 727 
information available on how to apply this approach is presented in appendix B. 728 

Same approach can be extended to a larger number of isomers by the appropriate factor (eg in a 729 
substance of four isomers at 25 % each, factor of four will be used), but it should be taken into 730 
account that the higher the number of isomers considered the higher the uncertainty of the approach 731 
will be.  732 

 733 

The residue definition will be decided using the criteria and procedure given in the Guidance on the 734 
establishment of the residue definition for dietary risk assessment (EFSA 2016). It should be noted 735 
however, that for active substances containing stereoisomers, the residue definition for the risk 736 
assessment may need to contain information not only on the identity of the different stereoisomers in 737 
the residue, but also on the ranges/proportion of these. 738 

 739 

2.9. Fate and behaviour into the environment 740 

2.9.1. Degradation in soil 741 

Route of degradation studies in soil should permit the soil residue of concern to which non-target 742 
species are or may be exposed, to be defined (Regulation (EU) 283/2013 ANNEX 7.1.1). 743 

For active substances containing stereoisomers, this requirement implies that the composition of the 744 
isomers to which the non-target organisms will be exposed has to be known. Changes in the 745 
proportion of isomers with respect to the active substance as manufactured should be considered a 746 
transformation process. Differentiated transformation of isomers and isomer inter-conversion would 747 
need to be investigated in degradation studies in soil. Analytical methods employed in the 748 
investigations of the degradation in soil should be capable to separate individual isomers. 749 
Diastereomers will be generally quantified already separately by the conventional analytical methods 750 
used for the quantification of the active substance and metabolites. If the active substance contains 751 
enantiomers, a method capable to separate enantiomer pairs would need to be developed and used 752 
(eg. using chiral chromatography). The degradation and / or formation of individual isomers of the 753 
active substance or its metabolites should be characterised by the quantification of each of them 754 
individually in all sampling points taken for the route and rate studies in soil performed following 755 
current guidelines. Exceptionally, if it is demonstrated that proportion of enantiomers of one particular 756 
substance (active substance or metabolite) does not change in the course of the degradation, 757 
separation of them would be only required to the extend necessary to demonstrate that the case is 758 
generally true (eg. by analysing them separately in a selected number of sampling times). For 759 
example, if the fact that there is no change in the enantiomeric composition is well established in the 760 
laboratory studies, enantiomers separation will not be needed in the field studies. In this respect, a 761 
trigger of 10 % change in the isomeric excess (eg. 10 % change in the enantiomeric excess) in the 762 
residue (with respect to the substance as manufactured) is established for considering it to be 763 

http://www.efsa.europa.eu/efsajournal


 
 

 

 
www.efsa.europa.eu/efsajournal 19 EFSA Journal 20YY;volume(issue):NNNN 
 

potentially significant with respect to the environmental risk assessment. This trigger should be 764 
considered at the end of the study if at least 50 % of the bulk substance (sum of stereoisomers) has 765 
been degraded or by extrapolation of the transformation pattern to at least that amount of the bulk 766 
substance. The same would apply to field dissipation studies (see appendix B for further discussion 767 
and examples).5  768 

 769 

2.9.2. Adsorption desorption in soil and mobility in soil studies 770 

Adsorption to soil is mostly a physical phenomenon associated with interactions of a solved substance 771 
with the solid soil matrix. Whereas components in the soil organic matter have a biological origin, it is 772 
not expected that the interactions between the soil organic matter and the solved leachate substances 773 
is selective and specific enough to discriminate between enantiomers6. However, some diastereomers 774 
may behave differently with respect to adsorption and desorption and mobility in soil. Information on 775 
the chromatographic behaviour of diastereomers may be helpful to assess the need of considering 776 
them separately with respect to soil mobility. Preliminary tests should be able not only to confirm the 777 
stability of the tested substance as a whole but also its stereoisomeric stability. When there are 778 
indications that the diastereomers adsorption to soil may be different, methods of analysis of the soil 779 
and aqueous phase should be able to quantify them separately in the batch soil adsorption / 780 
desorption studies. In this way adsorption data and adsorption / desorption parameters may be 781 
obtained for the separate diastereomers without repeating the study with each of them.  782 

 783 

2.9.3. Fate and behaviour in water and sediment  784 

The separation of enantiomers is considered not necessary in the analysis of the sterile hydrolysis and 785 
sterile aqueous photochemical degradation studies. Provided the analytical method used resolves the 786 
diastereomers, the fate of these components can be investigated together in a single study and 787 
separated studied will not be needed.  788 

In the aerobic mineralisation in surface water study, individual transformation products need to be 789 
identified (Regulation (EU) 283/2013 ANNEX 7.2.2.2.f). Changes on the proportion of isomers with 790 
respect to the active substance as manufactured should be considered a transformation process and 791 
be adequately characterised.  792 

The water / sediment study shall be sufficient to define the sediment residue of concern (Regulation 793 
(EU) 283/2013 ANNEX 7.2.2.3).  794 

For active substances containing stereoisomers, this requirement implies that the composition of the 795 
isomers to which the non-target organisms will be exposed has to be determined. Changes on the 796 
proportion of isomers with respect to the active substance as manufactured should be considered a 797 
transformation process. Differentiated transformation of isomers and isomer inter-conversion would 798 
need to be investigated in the water sediment studies. Analytical methods employed in the 799 
investigations of the degradation in water sediment studies should be capable to separate individual 800 
stereoisomers. Diastereomers will generally be quantified already separately by the conventional 801 
analytical methods used for the quantification of the active substance and metabolites. If the active 802 
substance contains enantiomers, a method able to separate enantiomer pairs would need to be used 803 
(eg. using chiral chromatography). The degradation and / or formation of individual isomers of the 804 
active substance or its metabolites should be characterised by the quantification of each of them 805 
individually in all sampling points taken for the water sediment study. Exceptionally, if it is 806 

                                                           
5 In general, metabolites formed at level of 5 % of the applied substance or higher need to be identified and considered in the risk 
assessment. In the case of a pair of stereoisomers, it is considered that a change of their relative amount is a transformation equivalent to 
the formation of a metabolite with respect to the risk assessment. Therefore, since a relative change of 5 % of each isomer in the pair will 
result on a stereoisomeric excess of 10 %, this trigger has been considered to be equivalent to 5 % trigger generally considered for 
transformations giving rise to metabolites. 
6 A published study (Gámiz, B. et al., 2016) gives indications on possible enantioselective adsorption of soil. However, in the lack of further 

confirmation and understanding of the underlying phenomena and taking into account the observed magnitude of the selectivity this 
guidance assumes that adsorption to soil is a phenomenon insensitive to the chirality of the adsorbed molecule.  
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demonstrated that proportion of enantiomers of one particular substance (active substance or 807 
metabolite) does not change in the course of the degradation, separation of them would only be 808 
required to the extent necessary to demonstrate that the case is generally true (eg. by analysing them 809 
separately in a selected number of sampling times). In this respect, a trigger of 10 % change in the 810 
isomeric excess (eg. 10 % change in the enantiomeric composition) in the residue (with respect to the 811 
active substance as manufactured) is established for considering it to be potentially significant with 812 
respect to the environmental risk assessment. This trigger should be considered at the end of the 813 
study if at least 50 % of the bulk substance (sum of stereoisomers) has been degraded or by 814 
extrapolation of the transformation pattern to that amount of the bulk substance. 815 

The same provisions as provided to the water / sediment study in the dark, apply to the irradiated 816 
water / sediment study.  817 

 818 

2.9.4. Fate and behaviour in air 819 

For active substances containing stereoisomers the vapour pressure may need to be reported 820 
separately for the pure diastereomeric components of the active substance. Enantiomers are expected 821 
to show the same vapour pressure. Stereoisomerism is not considered to influence the calculated half-822 
lives in the upper atmosphere. Also stereoisomerism is not to be considered with respect to global 823 
warming potential, ozone depletion potential, photochemical ozone creation potential, accumulation in 824 
the troposphere, acidification potential and eutrophication potential.  825 

 826 

2.9.5. Definition of the residue 827 

2.9.5.1. Definition of the residue for risk assessment 828 

The residue definition relevant for risk assessment for each compartment shall be defined to include 829 
all components (active substance, metabolites, breakdown and reaction products) that were identified 830 
in accordance with the criteria referred to in this Section-fate and behaviour into the environment- 831 
The chemical composition of residues occurring in soil, groundwater, surface water (freshwater, 832 
estuarine and marine), sediment and air, resulting from use, or proposed use, of a plant protection 833 
product containing the active substance, shall be taken into account (Regulation (EU) 283/2013 834 
ANNEX 7.4.1).  835 

For active substances containing stereoisomers, the residue definition for the risk assessment needs to 836 
be specified taking into account the composition of the chemical residues in the different 837 
environmental compartments, considering the identity and relative proportion of the actual 838 
stereoisomers in the residue to which non-target organisms are expected to be exposed.  839 

When the rate of transformation of each stereoisomer composing the active substance is different, or 840 
they are interconverted during the fate and behaviour studies, and their proportion in the final residue 841 
changes with respect of the composition of the active substance as manufactured, they are 842 
considered separately for the residue definition for the risk assessment into the environment. A trigger 843 
of 10 % change in the isomeric excess (eg. 10 % change in the enantiomeric excess) in the residue 844 
with respect to the substance as manufactured) is established for considering it to be potentially 845 
significant with respect to the environmental risk assessment (see appendix B for further discussion 846 
and examples).  847 

 848 

2.9.5.2. Definition of the residue for monitoring 849 

Considering the results of toxicological and ecotoxicological testing, the residue for monitoring shall be 850 
defined to include those components from the definition of the residue for risk assessment, which are 851 
considered relevant when assessing the results in those tests (Regulation (EU) 283/2013 ANNEX 852 
7.4.2). 853 

For active substances containing stereoisomers , stereoisomeric components of the residue definition 854 
for risk assessment considered relevant will need to be monitored separately.  855 
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2.9.6.  Monitoring data 856 

Available monitoring data concerning fate and behaviour of the active substance and relevant 857 
metabolites, breakdown and reaction products in soil, groundwater, surface water, sediment and air 858 
shall be reported (Regulation (EU) 283/2013 ANNEX 7.5). 859 

For active substances containing stereoisomers, monitoring data corresponding to all related active 860 
substances, containing different proportion of the stereoisomers, should be presented if available (eg 861 
for different active substances where either the pure enantiomer or the racemic substance are or have 862 
been commercialised).  863 

 864 

2.10. Ecotoxicology 865 

2.10.1. General issues 866 

The ecotoxicological assessment shall be based on the risk that the proposed active substance used in 867 
a plant protection product poses to non-target organisms. In carrying out a risk assessment, toxicity 868 
shall be compared with exposure. The general term for the output from such a comparison is ‘risk 869 
quotient’ or RQ. It shall be noted that RQ can be expressed in several ways, for example, 870 
toxicity:exposure ratio (TER) and as a hazard quotient (HQ). The applicant shall take into account the 871 
information from Sections 2, 5, 6, 7 and 8-of the regulation- (Regulation (EU) 283/2013 ANNEX 8. 872 
Introduction 2). 873 

For active substances containing stereoisomers, separate risk quotients may need to be established 874 
for each of the isomers when either their fate into the environment is different (eg, preferential 875 
degradation, stereoisomers interconversion) or when the toxicological, ecotoxicological properties of 876 
each isomer is different.  877 

It will be considered that the fate and behaviour of the isomers are different when in any specific 878 
environmental compartment the stereoisomeric excess of any one of the potential stereoisomers 879 
changes by a 10 % during the course of degradation/transformation into the environment.  880 

In addition, for the ecotoxicological assessment, it is considered that the toxicological / 881 
ecotoxicological properties of two stereoisomers are different when a difference of a factor of three is 882 
observed in relation to the toxicological/ ecotoxicological end points (European Commission 2012).7  883 

It may be necessary to conduct separate studies for metabolites, breakdown or reaction products 884 
derived from the active substance where non-target organisms may be exposed and where their 885 
effects cannot be evaluated by the available results relating to the active substance. Before such 886 
studies are performed, the applicant shall take into account the information from Sections 5, 6 and 7. 887 
Studies undertaken shall permit characterisation of metabolites, breakdown or reaction products as 888 
being significant or not, and reflect the nature and extent of the effects judged likely to arise 889 
(Regulation (EU) 283/2013 ANNEX 8. Introduction 3). 890 

In this sense, changes on the proportion of isomers with respect to the active substance as 891 
manufactured should be considered a transformation process. Differentiated transformation of 892 
stereoisomers and stereoisomer inter-conversion would need to be considered when designing the 893 
ecotoxicological studies. Residue definition for the risk assessment established on the basis of studies 894 
in fate and behaviour in the environment and residues in plants should be considered before initiating 895 
the ecotoxicological studies.  896 
                                                           

7 See SANCO/10597/2003-rev. 10.1: Where experimental or reliable modelled data are available for the new source, the ecotoxicological 

profile will be considered equivalent to that of the reference profile where the ecotoxicological data provided on the technical a.s. do not 
differ by more than a factor of 3 compared to the reference (or by the appropriate spacing factor of the respective test system, if greater 
than 3), when determined using the same species. (Note: this factor is meant to account for the variability of ecotoxicological test results 
and must not be interpreted as if an actual difference in ecotoxicity with a factor < 3 was in principle irrelevant with regard to the risk 
assessment). 
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For active substances containing stereoisomers, it is necessary to determine the relative toxicity of the 897 
different stereoisomers present in the substance or in the residue of the active substance as defined 898 
for the risk assessment to which the non-target organism will be exposed in the corresponding 899 
environmental compartment (residue for the risk assessment, see 2.9 and 2.10.5.1). Tests on 900 
invertebrate organisms, algae and plants can be performed using the active substance as 901 
manufactured and the purified stereoisomer(s) (of the active substance and/or of the relevant 902 
metabolites) listed in the corresponding residue definitions for risk assessment. This should allow 903 
identifying differences on the relative biological activity of the isomers.  904 

In order to minimise ecotoxicological tests in vertebrate organisms, first all available information on 905 
related active substances constituted by different proportion of the same stereoisomer components of 906 
the active substance under assessment must be provided and assessed. This may allow characterize 907 
toxicity of the different stereoisomers without needing to repeat the studies. In addition, information 908 
in metabolisms studies in mammals and poultry (originally presented in residues and/or human health 909 
sections) may also provide valuable information on differentiated metabolism of the stereoisomers.  910 

If information allowing the relative toxicity of the stereoisomer components to be determined is not 911 
available, a risk assessment based on the application of a factor for the relevant end points should be 912 
performed before deciding the need to perform additional vertebrate studies (see 2.10.6). 913 

Higher tier studies shall be designed and data analysed using suitable statistical methods. Full details 914 
of the statistical methods shall be reported. Where appropriate and necessary, higher tier studies shall 915 
be supported by chemical analysis to verify exposure has occurred at an appropriate level (Regulation 916 
(EU) 283/2013 ANNEX 8. Introduction 9). 917 

For active substances containing stereoisomers, the chemical analysis of the test system during the 918 
course of the higher tier tests is highly recommended. Since the potential interconversion and/or 919 
preferential degradation of the isomers in the environment needs to be taken into account for the risk 920 
assessment, any variation of those during the higher tier studies should be taken into account. The 921 
chemical analysis applied should be able to discriminate among the different stereoisomers in the 922 
active substance or the stereoisomeric components in of the residue definition for the risk assessment.  923 

 924 

For those guidelines which allow for the study to be designed to determine an effective concentration 925 
(ECx), the study shall be conducted to determine an EC10, EC20 and EC50, when required, along with 926 
corresponding 95 % confidence intervals. If an ECx approach is used, a no observed effect 927 
concentration (NOEC) shall still be determined. Existing acceptable studies that have been designed to 928 
generate a NOEC shall not be repeated. An assessment of the statistical power of the NOEC derived 929 
from those studies shall be carried out (Regulation (EU) 283/2013 ANNEX 8. Introduction 6). 930 

When ecotoxicological end points for active substances containing stereoisomers are determined and 931 
reported they should be clearly associated to the specific composition of stereoisomers tested. 932 
Chemical analysis at the beginning and during the course of the corresponding tests should be 933 
performed as necessary to demonstrate the isomeric stability and consistency of the test material.  934 

In situations where selective transformation of isomers occurs and no separate ecotoxicological end 935 
points for the stereoisomers are available, in order to minimise the need to perform additional tests, 936 
an uncertainty factor on the relevant end points can be applied for the individual isomers for the risk 937 
assessment. The approach exemplified in section 2.10.6 of this guidance can be adopted for the 938 
ecotoxicological risk assessment (See also appendix A for an extended consideration of this 939 
approach). In case this approach results on breaches the trigger value(s), ecotoxicological tests with 940 
the separate isomer(s), as considered in the residue definition for the risk assessment for the 941 
environment, will be needed.  942 

 943 

 944 

 945 

 946 

 947 
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2.10.2. Effects on birds and other terrestrial vertebrates 948 

For all avian and mammalian feeding studies, average achieved dose shall be reported, including 949 
where possible the dose in mg substance/kg body weight. Where dosing via the diet is utilised, the 950 
active substance shall be distributed uniformly in the diet  (Regulation (EU) 283/2013 ANNEX 8.1). 951 

For active substances containing stereoisomers, the isomeric proportion in the tested substance needs 952 
to checked and reported. Stereoisomeric stability over the course of the test in the diet matrix needs 953 
to be demonstrated unless readily prepared for each feeding dose (i.e. with such a frequency that 954 
stereoisomeric excess > 10% is not expected for any of the dosing period considering relevant 955 
changes in available information). 956 

2.10.3. Effects on aquatic organisms 957 

Reports of the tests referred to in points 8.2.1, 8.2.4 and 8.2.6 shall be submitted for every active 958 
substance and supported with analytical data on concentrations of the substance in the test media. 959 

 Toxicity endpoints (such as LC50, EC10, EC20, EC50 and NOEC) shall be calculated on the basis of 960 
nominal or mean/initial measured concentrations (Regulation (EU) 283/2013 ANNEX 8.2)). 961 

For active substances containing stereoisomers, the isomeric proportion in the tested substance needs 962 
to be checked and reported. However, it is noted that in case of flow through or semi-static studies 963 
this may not be necessary provided that the renewal period of the test water is such that 964 
stereoisomeric excess change > 10% is not expected. In situations where selective transformation of 965 
isomers occurs and no separate ecotoxicological end points for the stereoisomers are available, in 966 
order to minimise the need to perform additional tests with vertebrates, assessment uncertainty 967 
factors can be applied to relevant end points for the individual isomers to perform the risk 968 
assessment. The approach exemplified in section 2.10.6 of this guidance can be adopted for the 969 
aquatic ecotoxicological risk assessment (See also appendix A for an extended consideration of this 970 
approach). 971 

 972 

2.10.4. Effects on arthropods 973 

Effects on bees shall be assessed and the risk evaluated, including the risk deriving from residues of 974 
the active substance or its metabolites in nectar, pollen and water, including guttation. Reports of the 975 
tests referred to in points 8.3.1.1, 8.3.1.2 and 8.3.1.3 shall be submitted, except where plant 976 
protection products containing the active substance are for exclusive use in situations where bees are 977 
not likely to be exposed (Regulation (EU) 283/2013 ANNEX 8.3.1) 978 

For active substances containing stereoisomers, residues of the active substance in nectar, pollen and 979 
water (including guttation) should be investigated taking into account its isomeric variation. Lower tier 980 
risk assessment is usually based on default worst case values that do not consider transformation. 981 
However, changes on the isomer proportions in these matrices should be considered in the higher tier 982 
risk assessment. Isomer specific ecotoxicological end points on bees may be needed if isomers 983 
composition changes in / on the relevant matrices to which the bees are exposed to. Alternatively, 984 
uncertainty factors to relevant ecotoxicological end points may be applied (see section 2.10.6 and 985 
appendix A). Isomer selective chemical analysis of the test system during the course of the higher tier 986 
tests is highly recommended. 987 

 988 

2.10.5. Effects on non-target soil meso- and macrofauna, effects on soil 989 

nitrogen transformation, effects on terrestrial non-target higher 990 

plants, effects on other terrestrial organisms (flora and fauna) and 991 

effects on biological methods for sewage treatment 992 

Regulation (EU) 283/2013 on the data requirements for the plant protection active substances does 993 
not contain specific requirements to the situation of active substances containing stereoisomers. In 994 
the case of active substances containing stereoisomers, the risk assessments for these groups of 995 
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organisms can be addressed by analogy to similar points specifically considered in this guidance. As a 996 
starting point, the general issues as described in 2.10.1 above, should be consulted. 997 

 998 

2.10.6. Monitoring data.  999 

Available monitoring data concerning adverse effects of the active substance to non-target organisms 1000 
shall be reported (Regulation (EU) 283/2013 ANNEX 8.9). 1001 

For active substances containing stereoisomers, monitoring data corresponding to different active 1002 
substances containing different stereoisomeric composition should be presented if available (eg for 1003 
different active substances where either a pure enantiomer or the racemic substance are or have been 1004 
commercialised).  1005 

 1006 

2.10.7. Ecotoxicological risk assessment 1007 

When performing the ecotoxicological risk assessment for non-target organisms, two main possibilities 1008 
exist for active substances containing stereoisomers.  1009 

- Active substances containing only one stereoisomer among those possible on basis of the 1010 
active substance molecular structure (if present, other isomers are only impurities). In those cases, 1011 
the formation of other stereoisomers into the environment can be treated as any other metabolite 1012 
with respect to its assessment.  1013 

- Active substances containing a mixture of stereoisomers among those possible on basis of the 1014 
active substance molecular structure. In those situations, preferential degradation or interconversion 1015 
into the environment will trigger the need to evaluate them as separated components.  1016 

When the rate of transformation of each stereoisomer is different, or they are interconverted during 1017 
the fate and behaviour studies, and their proportion in the final residue changes with respect of the 1018 
composition of the active substance as manufactured, they are considered separately for the residue 1019 
definition for the risk assessment into the environment.  1020 

When the information available does not allow determining if there is or not enrichment on a specific 1021 
stereoisomer, or whether ecotoxicological properties of the stereoisomers are or not comparable, a 1022 
factor can be used in the ecotoxicological risk assessment to account for the uncertainty. In a first 1023 
step, it will be assumed that the sum of non-separable isomers is actually composed of the most toxic 1024 
one. If in addition the toxicological properties of the separated isomers are unknown, toxicological 1025 
reference values will be corrected as if they were fully attributable to the isomer assumed to 1026 
constitute the residue.  1027 

 1028 

Example: 1029 

-Substance A is manufactured as a 50 % mixture of two isomers: A1 and A2. 1030 

-Ecotoxicological studies have been performed using the substance as manufactured and information 1031 
on the separated contribution of the isomers to the toxicological effects is not available. For the 1032 
substance as manufactured a NOEC of x mg / kg body weight has been established. 1033 

-Fate and behaviour into the environment studies and studies determining the amount of residues in 1034 
animal food have been generated using methods that did not allow separated quantification of the 1035 
isomers of A.  1036 

- Risk assessment based on measured or estimated residues of A will be done against the NOEC 1037 
corrected by un uncertainty factor of 2 (NOEC [established for total A]/ 2). In case, this approach 1038 
results on high risks to be identified, further data either on the actual isomeric composition of the 1039 
residues or on the specific ecotoxicity of the isomers would need to be provided and used to refine 1040 
the risk assessment (see appendix A for and extended consideration of this approach). 1041 

 1042 
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2.11. Literature data 1043 

A summary of all relevant data from the scientific peer reviewed open literature on the active 1044 
substance, metabolites and breakdown or reaction products and plant protection products containing 1045 
the active substance shall be submitted (Regulation (EU) 283/2013 ANNEX 9). 1046 

For active substances containing stereoisomers, peer reviewed scientific literature should be searched 1047 
on all separated isomers as well on the mixtures of them known to be or to have been commercially 1048 
available. In these cases, scientific literature may contain very valuable information for the 1049 
characterisation of the different fate and behaviour and biological activity of the individual isomers and 1050 
their mixtures allowing completing the respective data requirements.  1051 
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Abbreviations 1116 

 1117 

ADI: Acceptable daily intake 

ADME: Adsorption, distribution, metabolism and excretion 

AOEL: Acceptable operator exposure level 

AR: Applied radioactivity 

CAS: Chemical American Society 

DAT: Days after treatment 

DEFRA: Department for Environmental, Food & Rural Affairs 

ee Enantiomeric excess 

EFSA European Food Safety Authority 

EFSA SC Scientific Committee of the European Food Safety Authority 

EC:  European Commission 

ECx:  Effective concentration x (being x a percentile) 

EU:  European Union 

FAO:  Food and Agriculture Organization of the United Nations. 

ISO:  International Standard Organization 

IUPAC:  International Union of Pure and Applied Chemistry 

MRL:  maximum residue level 

NOEC:  No observable effect concentration 

PPR:  EFSA panel on plant protection products and their residues 

PSN:  EFSA Pesticide Steering Network 

(Q)SAR:  (Quantitative) structure-activity relationship 

RQ:  Risk quotient 

se Stereoisomeric excess 

TER:  Toxicity exposure ratio 

UK United Kingdom 
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Appendix A – On the trigger of 10 % stereoisomeric excess change, 1119 

considered in the metabolism and transformation studies used as criteria 1120 

to consider that stereoisomers in a pair behave differently. 1121 

 1122 

In different places of this guidance, the situations when the rate of transformation of each 1123 

stereoisomer is different, or they are interconverted during the studies, and their proportion 1124 

in the final residue changes with respect to the proportion in the active substance as 1125 

manufactured are considered. In these situations, the stereoisomers may need to be 1126 

considered separately in the residue definitions for risk assessment and monitoring. A trigger 1127 

of 10 % change in the stereoisomeric excess (eg. 10 % change of enantiomeric excess in 1128 

case of enantiomers) in the residue, with respect to the substance as manufactured, is 1129 

proposed in the guidance for considering it to be a change potentially significant with respect 1130 

to the dietary and environmental risk assessments.8 The same trigger may be considered 1131 

with respect to the metabolites. In this sense, if a given metabolite with stereoisomers 1132 

shows during their life cycle changes in their relative levels representing a stereoisomeric 1133 

excess of 10 %, metabolite stereoisomers will need to be considered separately for the risk 1134 

assessment. However, this trigger has to be considered on a case by case basis in a weight 1135 

of evidence approach, taking into account all the information already available for each 1136 

separated stereoisomer. Here some additional definition of this trigger and how to use it in 1137 

the context of this guidance is provided.  1138 

The first issue to be considered is that the stereoisomeric excess is only defined for 1139 

substances occurring as pair of stereoisomers. The concept of enantiomeric excess 1140 

originated with enantiomeric pairs and has been extended for diasteromers when they occur 1141 

also in pairs, but it remains an undefined concept when more than two components occur in 1142 

the mixture of isomers. Therefore, the case of two stereoisomers will be analysed first. 1143 

In a pair of stereoisomers A1 and A2, the stereomeric excess (either for enantiomers or 1144 

diasteromers) is defined as the absolute difference between the mole fractions of each 1145 

stereoisomer:  1146 

(1) se = |FA1-FA2|, where FA1+ FA2 = 1 1147 

 1148 

Most frequently (as in this guidance) the stereoisomeric excess is expressed as a percentile.  1149 

(2) se = (|FA1-FA2|x 100)% 1150 

 1151 

In an example with enantiomers, a sample containing 60% of R isomer and 40% of S isomer 1152 

will have an enantiomeric excess (ee) of 20%. This can also be thought of as a mixture of 1153 

20% pure R with 40% of a racemic mixture (which contributes 40% R and 40% S to the 1154 

overall composition). 1155 

                                                           
8 In general, metabolites formed at level of 5 % AR of the applied substance or higher need to be identified and considered in the 

environmental risk assessment. In the case of a pair of stereoisomers, it is considered that a change of their relative amount is a 
transformation equivalent to the formation of a metabolite with respect to the risk assessment. Therefore, since a relative change of 5 % 
AR of each isomer in the pair will result on a stereoisomeric excess of 10 %, this trigger has been considered to be equivalent to 5 % trigger 
generally considered for transformations giving rise to metabolites needing further assessment. 
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In this same example, a transformation of 5 % of S isomer to the R isomer will result on a 1156 

mixture of 65 % R and 35 % S and the resulting sample will show and enantiomeric excess 1157 

of 30 %, which actually represents a 10 % change in the ee.  1158 

In a particular transformation study, performed with radioactive material, observed 1159 

percentile of applied radioactivity (% AR) will need to be transformed to the corresponding 1160 

% molar fractions for each pair of stereoisomers in order to assess whether the trigger of 10 1161 

% change in the stereoisomeric excess is met.  1162 

 1163 

(3) se = [(A1 % AR – A2 % AR)/(A1 % AR + A2 % AR)]  1164 

 1165 

Below we present some examples based on the real data sets to clarify how the concept of 1166 

stereoisomeric excess is used in the context of this guidance.  1167 

Case example 1.  1168 

In a laboratory soil incubation study, the degradation of an active substance defined 1169 

as one of two possible stereoisomers, which contains the other isomer as impurity, is 1170 

investigated. In a particular soil the following measurements are obtained for each of 1171 

the isomers:  1172 

 1173 

t 
(days) 

stereoisomer A1 
(%AR) 

stereosisomer A2 
(%AR) 

se 

0 94 2.8 94 

7 90.1 2.7 94 

30 80.4 2.2 95 

91 70 2.1 94 

120 68.8 2.2 94 

179 58.3 1.9 94 

270 51 2.2 92 

365 49.3 2.2 91 

 1174 

In this case, the se calculated according (3) ranges from 94.7 % to 91.5 %, which is 1175 

a se change of 3.3 %. Therefore, in this case, it could be considered that this 1176 

particular study does not show neither stereoisomers interconversion nor that the 1177 

potential differential transformation of the stereoisomers could be relevant for the soil 1178 

compartment assessment.  1179 

Normally, at least four investigations as the one illustrated in case example 1 are available in 1180 

the dossier of a particular active substance. If the results are consistent among the different 1181 

studies available, the calculation of the changes on the stereomeric excess on each 1182 

experiment will be sufficient to take a decision on the need or not of considering isomers 1183 
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separately for the risk assessments associated to the soil compartment. However, in case 1184 

discrepancies among the studies are observed (i.e. some show a change of se > 10 % 1185 

whereas others no), a weight of evidence approach will need to be taken in order to decide 1186 

how much effort is needed with respect to the investigation of the effects and the 1187 

environmental fate and behaviour of separated isomers in the particular compartment. In 1188 

these cases, applicants will need to justify their decision. In providing this justification, all 1189 

available information on the substance could be used, in particular available information on 1190 

the potential different biological effects of the separated stereoisomers isomers can be useful 1191 

to demonstrate the need or not of further stereoisomer specific investigations. 1192 

Three further issues need to be considered here: 1193 

-Selective transformation of stereoisomers cannot be presumed to occur with the same 1194 

extension and in the same sense in all matrices investigated. For example, preferential 1195 

degradation of one stereoisomer that may occur in a system (eg. soil), may not occur in 1196 

another one (eg. plants) or even the sense of the preferential degradation may be reversed.9  1197 

Therefore, comparison of the stereoisomers transformation in different media need to be 1198 

done with caution, and discrepant behaviour cannot be automatically interpreted as random 1199 

variability.  1200 

- The initial proportion between isomers may influence the decision on the need for further 1201 

investigations. In the case example 1, data indicate that the degradation rate is significantly 1202 

different, being the stereoisomer impurity significantly more persistent than the active 1203 

substance stereoisomer. If the initial proportions were reversed or the active substance had 1204 

consisted in a 50% mixture of these two stereoisomers, then the trigger of 10 % se change 1205 

will be likely breach in these transformation experiments.  1206 

- Special care has to be taken to appropriately consider the errors in the analytical 1207 

measurements of the separated stereoisomers. In particular, in the latest data points of 1208 

declining studies. When the amounts measured are close to the LOQ, quantification errors 1209 

may be higher than 5 % AR, not allowing to decide whether the trigger of 10 % se is 1210 

actually breached.  Analysis of consistency in the changes observed among data points and 1211 

among different analogous studies (performed in the same compartment; soil, plant etc…) 1212 

may be especially helpful in these situations to decide if the apparent change is real or an 1213 

analytical artefact.   1214 

 Case example 2.  1215 

In a similar decline experiment to the one presented in Case example 1, the 1216 

degradation of an active substance composed of two stereoisomers in an 1217 

initial 50% proportion is presented. 1218 

  1219 

 1220 

                                                           
9 Whereas the formal definiton of stereomeric excess is given as the absolute difference of the two stereoisomers molar fractions, when 

declining studies are analysed for steremeric excess changes, the sign of the differences must be maintained in order to identify apparent 
changes in the sense of the transformation.  
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t 
(days) 

stereoisomer 
B1 (%AR) 

stereosisomer B2 
(%AR) 

se se change 

0 42.7 42.4 0.3 0 

1 35.8 36.2 0.6 -0.9 

3 25.4 28.3 5.4 -5.7 

10 13.3 17.2 12.8 -13.1 

14 7.4 7.7 2 -2.3 

31 7.9 9.3 8.1 -8.5 

63 3.1 3.7 8.8 -9.2 

91 1.6 1.9 8.6 -8.9 

122 1.7 2.4 17.1 -17.4 

 1221 

In this case, the se change ranges from 0.9 % at 1 DAT (days after treatment) to 1222 

17.4 % at 122 DAT. In two sampling data points 10 DAT and 122 DAT the trigger of 1223 

10 % of stereomeric excess change is breached. However, 90 % of degradation has 1224 

already occurred at 63 DAT and the significant change observed at 10 DAT is not 1225 

confirmed by subsequent data points indicating that should be attributed to 1226 

experimental errors. Anyway, a similar analysis of the other degradation studies 1227 

would need to be performed to confirm the conclusion that the apparent fasted 1228 

degradation of isomer B1 with respect to B2 do not needs to be considered further 1229 

for the risk assessment.  1230 

 1231 

The definition of se in (1) is not applicable when mixtures with a higher number of 1232 

separated isomers are considered. The analysis of stereoselective degradation and 1233 

stereoisomers interconversions became necessary more complex in this kind of mixtures. 1234 

Where it is eventually still possible to do an analysis by grouping the isomers in pairs 1235 

according the configuration around each stereogenic element, it is not an option that we can 1236 

recommend due to the high number of analysis that would need to be done and the difficulty 1237 

on reaching solid conclusions from these analysis. In those situations, the calculation of half-1238 

lives and its comparison seems to be a more practical approach than the use of the 1239 

calculation and comparison of stereomeric excess changes.  1240 

 1241 

 1242 

 1243 

 1244 

 1245 

 1246 

 1247 

 1248 

 1249 

 1250 
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Appendix B – Casuistic and examples of situations of incomplete 1251 

exposure or hazard information on individual stereoisomers of active 1252 

substances containing stereoisomers.  1253 

 1254 

For active substance containing stereoisomers, in principle the information provided should be 1255 
sufficient to characterize both the fate and the hazard posed by the separated stereoisomer in each of 1256 
the different aspects for which a risk assessment is performed (human and animal health and 1257 
environment). However, in many instances this information is not complete and there are acceptable 1258 
technical or ethical considerations that justify not generating the additional data needed (eg. to 1259 
minimize toxicity tests with vertebrates). It is therefore appropriate to analyse the different cases 1260 
when the risk assessment can be completed and which assumptions need to be taken in the case of 1261 
incomplete information with respect to individual stereoisomers.  1262 

It needs to be noted that the solutions proposed, based on additional risk assessment uncertainty 1263 
factors, presume that toxicity of stereoisomers is additive and that there are no antagonism or 1264 
synergism of the toxicological effects among them.  1265 

In this appendix the different situations with respect to limited information, either on the exposure 1266 
terms or the hazard terms of the risk assessment, for active substances containing stereoisomers are 1267 
presented with the acceptable risk assessment approaches to be used to overcome this lack of 1268 
information (eg. application of uncertainty factors).  1269 

In Table B.1 a matrix of the different cases is presented together with the corresponding risk 1270 
assessment recommendations.  1271 

In Table B.2 the application of the approaches proposed in Table A.1 are applied to theoretical 1272 
examples for toxicology and ecotogicology risk statement  1273 

 1274 

 1275 

 1276 

 1277 

 1278 

 1279 

 1280 

 1281 

 1282 

 1283 

 1284 

 1285 

 1286 

 1287 

 1288 

 1289 

 1290 

 1291 

 1292 

 1293 
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Table B.1. Different cases and risk assessment recommendations. 1294 

        
                    Hazard 
Exposure 
 

Hazard information is available 
only for the a.s. as 
manufactured 

Hazard Information is available for the 
a.s. as manufactured and for the 
individual isomers.10 

It is demonstrated 
that changes in the 
stereoisomeric 
excess are <10% 

Compare the exposure estimation 
for the sum of the isomers with the 
available combined toxicity 
endpoint. 

Compare the exposure estimation for the 

sum of the isomers with the available 

combined toxicity endpoint. 

It is not known 
whether changes 
in the stereo 
isomeric excess 
occur or the extent 
of such changes is 
not known. 

Compare the exposure estimation 
for the sum of the isomers with the 
available combined toxicity 
endpoint and adjust the RA with 
the default worst case uncertainty 
factor. This factor is calculated 
assuming that the toxicological 
effects of the mixture of isomers 
can be attributed to a single isomer 
and that the measured residue is 
also all constituted by this single 
isomer. 
 

Two situations are possible: 

• Individual isomers and the mixture of 

them has equivalent toxicity:  

Compare the exposure estimation for 

the sum of the isomers with the 

available combined toxicity endpoint. 

 

• At least one of the individual isomers  

has higher toxicity than the others or 

the mixture: 

Consider the toxicity of the most toxic 

isomer in combination with the 

exposure estimation for the sum of the 

isomers.11  

It is demonstrated 
that changes in the 
stereoisomeric 
excess are >10% 
and those changes 
have been 
quantitatively 
determined. 

Compare the exposure estimation 
for the sum of the isomers with the 
available combined toxicity 
endpoint and adjust the RA with 
the calculated uncertainty factor. 
Like above, this factor is calculated 
assuming that the toxicological 
effects of the mixture of isomers 
can be attributed to a single 
isomer. However, since in this case 
the composition of the isomers in 
the residue is known it is assumed 
that only the majoritarian isomer is 
responsible of the toxicological 
properties observed and not the 
whole estimated residue.  
 
 

   Two situations are possible: 

• Individual isomers and the mixture of 

them has equivalent toxicity:  

Compare the exposure estimation for 

the sum of the isomers with the 

available combined toxicity endpoint. 

• At least one of the individual isomers 

has higher toxicity from another or from 

the mixture: 

Consider the exposure of all single 

isomers taking into account their 

occurrence in relevant time point or 

relevant time frame (e.g. max 

occurrence, occurrence at harvest, twa) 

and compare these exposure figures 

with the respective toxicity end points.  

 1295 

                                                           
10 Situations where the toxicological end points are known for a mixture or different mixtures of isomers and at least one of the purified 

isomers may be frequent when different active substances with different isomer proportions are or have been placed in the market over the 

time (eg racemic and pure enantiomer). Availability of complete information on the toxicity of all separated isomers and the mixture allows 

testing the validity of additive toxicity hypothesis 

11 Since the isomeric composition of the residue is not known, for the risk assessment it is assumed that the residue is constituted by the 
most toxic isomer. 
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Table B.2. Examples of the application of the criteria in Table A.1 for an a.s. consisting on a racemic 1296 

mixture  1297 

              
                      Hazard 
 
Exposure 
 

Information on toxicity is 
available only for the a.s. as 
manufactured - Tox(A1+A2) 

Information on toxicity is available for 
the a.s. as manufactured and for the 
individual isomers 
 

It is demonstrated 
that changes in the 
stereoisomeric 
excess are <10% 

Example for ecotoxicology risk 
assessment 
 
Racemic mixture (50:50 of A1:A2) 
– RA for fish 
PECsw(A1+A2) vs. Tox(A1+A2) 

Example for ecotoxicology risk 
assessment 
 
Racemic mixture (50:50 of A1:A2) – RA 
for fish 
Toxicity endpoint of A1 < A1+A2 = A2   
PECsw(A1+A2) vs. Tox(A1+A2) and 
PECsw(A1+A2)/2 vs. Tox(A1)  

It is not known 
whether changes in 
the stereo isomeric 
excess occur or the 
extent of such 
changes is not 
known. 

Example for toxicological risk 
assessment 
 
An ADI has been established for a 
mixture of two stereoisomers at 
50 %. It is not known if there is 
any inter conversion of isomers 
or preferential degradation. The 
factor that will be use for the risk 
assessment will be in this case 2. 
This factor will either divide the 
toxicological end point, which is 
equivalent to multiply the risk 
quotient. 
In the case there was a mixture of 
four isomers the factor used will 
be 4. 
 
Example for ecotoxicological risk 
assessment  
 
Racemic mixture (50:50 of A1:A2) 
– RA for fish 
PECsw(A1+A2) vs. Tox(A1+A2) 
and uncertainty factor of 2 

Example for toxicological risk assessment 
 
In a substance produced as a 50 % 
mixture of two isomers A and B it has 
been established that ADI A = 0.1 mg/kg 
bw and ADI B = 1 mg/kg bw. However it 
is only possible to estimate the total 
residue AB. Then the risk assessment for 
the residue of the mixture will be done 
against the ADI end point of isomer A 
(the most toxic one). 
 
Example for ecotoxicology risk 
assessment 
 
Racemic mixture (50:50 of A1:A2) – RA 
for fish 
Toxicity endpoint of A1 < A1+A2 = A2   
PECsw(A1+A2) vs. Tox(A1) 

It is demonstrated 
that changes in the 
stereoisomeric 
excess are >10% and 
those changes have 
been quantitatively 
determined. 
 

Example for  toxicology risk 
assessment 
 
An ADI has been established for a 
mixture of two stereoisomers A 
and B at 50 %. It has also been 
estimated that in the final residue 
the isomeric composition is 80 % 
A and 20 % B.  
For the risk assessment a factor 

Example for toxicological risk assessment 
 
For a substance manufactured as a 50 % 
mixture of two isomers A and B it is 
known that the ADI A = 0.1 mg/kg bw 
and ADI B = 1 mg/kg bw. It is also known 
that in the residues a stereoisomeric 
change occurs and the final composition 
is 80 % A vs 20 % of B.  In this case risk 
assessment performed for isomer A will 
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of 1.6 (0.8x2) will be used instead 
of 2 (assuming the figure used to 
represent exposure corresponds 
to the sum of isomers). 
Alternatively, a factor of 2 can be 
used in a risk assessment where 
the figure used for exposure 
represents the majoritarian 
isomer in the residue.  
In a specific case were residue 
trials used were done without 
separation of isomers but there 
are consistent evidences that the 
isomeric composition changes 
and in the residue it is of 80 % of 
one of the two isomers, then the 
dietary risk assessment would be 
done against an ADI corrected by 
a factor of 1.6. Risk assessment 
ADI = ADI(mixture) / 1.6. 
 
Example for ecotoxicology risk 
assessment 
 
Racemic mixture (50:50 of A1:A2) 
– RA for fish 
The ratio of 50:50 of A1:A2 
isomers has swapped and the 
extreme ratio (at the end of the 
study) become 80:20. 
 
PECsw(A1+A2) vs. Tox(A1+A2) 
and uncertainty factor of 1.6 
 

cover the risk of B.  
 
In this case, even if the situation was 
reversed and the composition of the 
residue was 20 % A and 80 % B the risk 
assessment of A (most toxic isomer) will 
cover the risk of B. In this specific 
example, where there is a difference of 
one order of magnitude in the 
toxicological end point, risk assessment 
would only be need to be performed on 
isomer B in case it represented more 
than 90 % of the final residue. 
 
Example for ecotoxicology risk 
assessment 
 
Racemic mixture (50:50 of A1:A2) – RA 
for fish 
Toxicity endpoint of A1 < A1+A2 = A2   
 
PECsw(A1+A2) vs. Tox(A1+A2) and 
PECsw(A1) vs. Tox(A1) 
 

 1298 
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